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Utilization of wild species for improvement of cultivated foms has been 

investigated since Faircloth made the first interspecific hybrids in 1717, 
M a n y  wild species have been of value in crop improvement for a large 
number of traits warlan, 1 9 7 6 ;  Hawkes, 19 7 7 ;  Stalker, 1980a; Hadley and 
Openshaw , 1980)- However, in leguminous oilseeds, utilization of species 
germplasm has proven difficult, in large part because of barriers to in- 
terspecific hybridization between species <Smartt , 1979)- Further, sterility 
often restricts introgression from urild to cultivated accessions even when 
initid hybridization is possible, Interspecific hybridization is also difficult 
among the peanut species in the genus Arachis- but breeding populations 
derived from crossing A- hypogaea L- with related species are currently 
being evaluated for farmer use m o s s ,  1985b)- 

F o u r  species of Arachr's have been cultivated, including two diploids <2m 
- - 2x = 20: A, vilZosulr'carpa Hoehne and A, repens Handro) and t w o  
tetraploids (2rz  = 4x = 40: A - glabrata Eenth, and A - hypogaea)- Arachis 
vil2osulicarpa has only been cultivated by Indians in the northwestern part 
of the Brazilian state of Mato Grosso <Gregory et a/,, 1973)- Arachils repens 
and 4- glaerata have been grown in different parts of South Merica as 
forages or as ground covers in urban areas, A r e &  glahrata has also been 
selected for forage qualities in Florida, where recent cultivar releases have 
been made prime e8 el,, 198 1)- However, A- hypogaea is the only species 
which is cultivated extensively for commercial production of seeds and oil, 
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The cultivated peanut, A. hypogaea, is a major crop in most tropical and 
subtropical areas of the world. As compared to other oilseeds, plants are 
relatively drought resistant, which makes them especially important in 
semiarid regions where precipitation exceeds evaporation for only 2-7 months 
per year (Bunting et a/., 1985). Although the crop grows best in sandy, 

*well-drained soils, peanuts are culJivated in a wide range of field conditions 
from clays to sands and from acidic to alkaline soils. In the United States, 
the seeds are used mainly for confectionary purposes or for peanut butter. 
However, approximately two-thirds of the total world peanut crop is used 
for oil, which cumulatively represents 20% of the world market 
(Woodroof, 1973). 

Most peanuts are used as a cash crop and even small farmers may sell 
their entire harvest. In addition to seeds being of high value, plant residues 
are extremely important as fodder for cattle in many regions of the world. 
Shells are also used for fuel, soil conditioners, fodder, chemicals, resin ex- 
tenders, cork substitutes, and for hardboard (Gibbons, 1980). The peanut is 
becoming increasingly important as an income source in tree plantations, 
such as coconut, rubber, or banana, before tree crops mature. In Africa and 
Asia, many peanuts are intercropped between maize, sorghum, pulses or, in 
a few areas, between mature coconut trees. 

While A.  hypogaea has the widest distribution of any Arachis species, it 
also has many pests and diseases which attack all parts of the plant. Disease 
controls are seldom practiced in less developed countries, and one of the 
major plant breeding objectives is to improve resistances to plant pests 
(Wynne and Gregory, 1981). In addition, increased stability of yield and 
adaptation of the peanut to many environments are important breeding 
objectives. Several Arachis species have significantly higher levels of 
resistance for many important disease and insect pests than are found in 
cultivated accessions. As in the cases of other crop species, however, at- 
tempts to utilize wild species have limitations and obstacles. For example, 
sterility barriers and genomic incompatibilities restrict utilizing many poten- 
tially important genes even after initial interspecific hybids are obtained. 
However, significant progress has been made toward utilizing germ plasm 
resources of Arachis. 

Collection, maintenance, and evaluation of peanut germplasm resources 
have occurred relatively late compared to many other crop species such as 
tobacco, wheat, or maize. Only during the past 20-25 years have concen- 
trated efforts been undertaken to collect and evaluate the agronomic poten- 
tial of germplasm resources in the genus. This chapter reviews the current 
status in the introgression of germplasm from wild to cultivated species of 
peanut. The successes have been due to a knowledge of the botany, tax- 
onomy, cytogenetics, and genetics of the species related to A. hypogaecr and 
to effective screening of the available germplasm. Therefore, summaries of 

species variability, genomic and species relationships, and resources of agro- 
nomically important characteristics are presented, followed by an account of 
the methods used and of achievements in Arachis germplasm utilization. 

II. BOTANY AND TAXONOMY 

The genus Arachis belongs to the family Leguminosae, tribe 
Aeschynomeneae, subtribe Stylosanthenae. Species have alternately attach- 
ed basal and dorsal anthers, flowers in terminal or axillary spikes or small 
heads, pinnate leaves, and few leaflets without stipules (Taubert, 1894). 
Most of the Arachis species have tetrafoliate leaves, but two species, A. 
tuberosa Benth. and A. guaranitica Chod. et Hassl., are trifoliate. Arachis 
species, along with Trvolium subterraneum L. and Vigna subterranea (L.) 
Verdc., flower above ground but produce fruit and seeds below the soil 
level. Species of peanut are self-pollinating, but outcrossing may also occur 
in up to 2.5% of the flowers (Norden, 1980). A structure called a peg grows 
geotropically after fertilization and carries the developing embryo into the 
soil, after which elongation ceases, the pod expands, and the embryo in- 
itiates a rapid growth phase. Both annual and perennial members of the 
genus are found in nature. 

The first peanut species described was A. hypogaea by Linnaeus in 1753. 
This species has two subspecies, each of which has two botanical varieties 
(Table I). Not until 1841 were wild species described, including A. villosa 
Benth., A. tuberosa, A. glabrata, and A. pusilla Benth. (Bentham, 1841). 
Taxonomic treatments of the genus were later completed by Chevalier 

Table I 

Subspeeific and Varietnl Classification of A. hypogaea 

Subspecies Variety Type Comments 
-- 

hypogaea hypogaea Virginia No floral axes on main stem; alternating pairs of 
floral and vegetative axes on branches; branches 
short, less hairy 

hirsuta Peruvian No floral axes on main stem; dternating pairs of 
runner floral and vegetative axes on branches; branches 

long, more hairy 
f'tigiata farligiata Valencia Floral axes on main stem; sequential floral axes on 

branches; little branched, curved branches 
vulgaris Spanish \Floral axes on main stem; sequential floral axes on 

branching; more branched, upright branches 
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Tmxonomic Subdivision of tbe Genus Arachif 
(1933, 1934, 1936), Hoehne (1940), and Hennann (1954). Currently, 22 
species diagnoses have been published (excluding A. nambyquarae Hoehne, 
which is a cultivar of A. hypogaea, and A. batizogaea Krap. et Fern., which 
originated from a man-made hybrid), with another 12 names commonly 
used in the literature but dot described (Table 11). The guidelines outlined by 
Resslar (1980) will be used in this paper even though proper diagnoses for 
many of the taxa have not been published. 

A complete revision of the taxonomy of the genus is greatly needed, and 
considering the vast number of new accessions collected within the past 10 
years, perhaps 50 or more additional species will eventually be described. 
Compounding the problem of species names are those designations which 
have been incorrectly given to taxa in the literature. For example, A. nam- 
byquarae Hoehne is not a separate species, but a cultivar of A. hypogaea. 
The name A. diogoi Hoehne (a species of section Arachis ) was incorrectly 
used for an unnamed section Eiectoides species by Johansen and Smith 
(1956), and the names A. prostrata Benth. and A. marginata Gard. have 
been used incorrectly for many different accessions (Gregory et al., 1973). 
Since germplasm is widely distribuied with collection numbers and names, 
and there is no written description of many species, misidentifications are 
easily made. Peanut researchers have associated collection numbers with 
taxa to circumvent partially the problem of nomenclature. 

Based on morphological comparisons, and to a lesser extent on cross- 
compatibility and pollen stainability of interspecific hybrids, Krapovickas 
(1969, 1973) and Gregory et al. (1973) proposed sectional classifications for 
the Arachis species. The classification suggested by Gregory et al. (1973) is 
more commonly adopted and will be followed throughout this review 
(Table 11). Although sectional names remain tentative because proper 
diagnoses have not been published, the groups are useful for defining 
general crossing relationships of taxa in the genus. 

Ill. PLANT COLLECTION AND MAINTENANCE 

Taxa in the genus Arachis are widely distributed in South America from 
the Atlantic Ocean to the foothills of the Andes Mountains and from the 
mouth of the Amazon River in the North to approximately 34% in 
Uruguay. Although the cultivated species usually prefers sandy, well- 
drained soil, wild species of Arachis are found in many habitats, including 
rocky areas, heavy soils, marshy areas, and even in running water (Valls et 
al., 1985). While many species proliferate in shaded areas, others prefer 
open and sunny environments. Plants are most often found in ecotypes such 
as rock outcroppings, broken forested areas, forest -grassland margins, or 

Section Arachis nom. nud. 
Series Annuae Krap. et Greg. nom. nud. (2n = 2 x  = 20) 

A. batizocoi Krap. et Greg. 
A. duranensis Krap. et Greg. nom. nud. 
A. spegazzinii Greg. et Greg. nom. nud. 
A. stenosperma Greg. et Greg. nom. nud. 
A. ipaensis Greg. et Greg. nom. nud. 
A.  spinaclava 

Series Perennes Krap. et Greg. nom. nud. (2n = 2x = 20) 
A. helodes Martius ex Krap. et Rig. 
A .  villosa Benth. var. villosa 
A .  villosa var. correntina Burkart [A. correntina (Burk.) Krap. et Greg. nom. nud.] 
A .  diogoi Hoehne 
A .  cardenasii Krap. et Greg. nom. nud. 
A.  chacoense Krap. et Greg. nom. nud. 

Series Amphiploides Krap. et Greg. nom. nud. (2n = 4x = 40) 
A .  hypogaea L. (A. nam byquarae Horne) 
A .  monticola Krap. et Rig. 
A. x batizogaea Krap. et Fern. (of experimental hybrid origin). 

Section Erectoides Krap. et Greg. nom. nud. (2n = 2x = 20) 
Series Trifoliolatae Krap. et Greg. nom. nud. 

A .  guaranitica Chod. et Hassl. 
A. tuberosa Benth. 

Series Tetrafoliatae Krap. et Greg. nom. nud. 
A .  benthamii Handro 
A.  martii Handro 
A.  paraguariensis Chod. et Hassl. 
A .  oreroi Krap. et Greg. norn. nud. 

Series Procumbensae Krap. et Greg. nom. nud. 
A. rigonii Krap. et Greg. 
A. Iignosa (Chod. et Hassl.) Krap. et Greg. nom. nud. 

Section Caulorhizae Krap. et Greg. nom. nud. (2n = 2u = 20) 
A.  repens Handro 
A. pintoi Krap. et Greg. nom. nud. 

Section Rhizomatosae Krap. et Greg. nom. nud. 
Series Prorhizomatosae Krap. et Greg. norn. nud. (2n = 2x = 20) 

A. burkartii Handro 
Series Eurhizomatosae Krap. et Greg. nom. nud. (2n = 4x = 40) 

A. glabrata Benth. 
A. hagenbeckii Harms 

Section Extranervosae Krap. et Greg. nom. nud. (2n = 2x = 20) 
A .  marginata Gard. 
A. Iutescens Krap. et Rig. 
A. villosulicarpa Hoehne 
A .  macedoi Krap. et Greg. nom. nud. 
A. prostrata Benth. 

Section Ambinervosae Krap. et Greg. nom. nud. (2n = 2x = 20) (no species names, valid 
or invalid, have been given to forms in this section) 

Scction Triseminalae Krap. et Greg. nom. nud. (2n = 2x = 20) 
A. pusilla Benth. 

Uncertain sectional affinity 
A .  angustifolio (Chod. et H~SSI.) Killip 

aAfter Gregory et al. (1973) and Resslar (1980). 
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in disturbed habitats. They grow from sea level to approximately 1600 m in 
elevation. The largest number of taxa are found in the west central region of 
Brazil (Wls et al,, 1985), with the second highest concentration found in 
Bolivia. Extensive genetic diversity exists in the genus for many traits of 
agronomic importance. 

Seeds of the cultivated peanut were among the earliest crops introduced 
to Europe from the New World and species have been periodically collected 
in South America since its first discovery. However, not until the late 1950s 
were concentrated efforts made systematically to collect and preserve 
variability in Arachis. This was largely due to the inaccessibility of many 
parts of South America and to the wide geographic distributions of peanut 
species. Twenty-four expeditions were organized between 1958 and 1983, 
and 639 wild species accessions plus 961 accessions of A. hypogaea were col- 
lected (Valls et al., 1985). Nearly a hundred wild species accessions have 
also been collected since 1983. Table 111 summarizes major germplasm col- 
lections of Arachis species. 

Priorities for future Arachis germplasm collection in South America for 
both cultivated and wild species of the genus have been established (Valls et 
al., 1985). The highest priority for collecting Arachis species is in the 
Brazilian states of Mato Grosso and Mato Grosso do Sul, and the second 
priority is for Paraguay. Although Bolivia also represents an important area 
for future collections, expeditions are currently not planned due to inac- 
cessibility of some areas of the country. 

Germplasm resources of wild Arachk species are difficult to maintain due 
to specialized adaptations to many environments. For example, many species 
are adapted to arid climates, while others are found in wet habitats, and these 
extremes are difficult to duplicate. Many species accessions do not produce 

Table 111 

Wild Arachis Accessions Collected and Conserved between 1936-1983a 

Conserved (1 983) 
- - -  - - 

Section Collected number USA Total 

Ambinervosae 
Arachis 
Caulorhizae 
Erectoides 
Extranervo~e 
Rhizomatosae 
Triseminalae 

Totals 

seeds when grown in the United States and, therefore, must be maintained 
as live plants. Many other accessions will produce seeds at one location and 
not another, so multiple germplasm storage facilities are required for seed 
increase and maintenance. Initiation of reproductive development in peanut 
species has not been adequately investigated, but many environmental fac- 
tors probably influence pegging and pod development, such as 
photoperiod, heat, endogenous hormone levels, and plant stresses. A 
general trend in section Arachis species is profuse flowering in longday 
photoperiods with a higher rate of peg formation in shortday photoperiods 
(Stalker and Wynne, 1983). However, several species [such as A. chacoense 
Krap. et Greg. norn. nud., A.  correntina (Berk.) Krap. et Greg. nom. nud., 
and A. villosa] produce few to no flowers under shortday conditions. In- 
vestigations are urgently needed to find methods to induce seed set because 
of the expense associated with propagating germplasm collections as 
vegetative plants plus the required duplications at several locations to ensure 
long-term survival of accessions under cultivation. 

IV. CENTERS OF ORIGIN 

The center of orgin for Arachis species was most likely in central Brazil 
(Gregory et al., 1980). The geocarpic habit of the plant suggests that long- 
distance dispersal has been along water courses. Gregory et al. (1973) 
presented a theory that the most ancient species were found at high eleva- 
tions and more recent speciation has occurred as seeds were washed down 
toward the sea and became isolated. To support this view, they noted that 
many species are adapted to highland conditions by having tuberoid roots, 
tuberiform hypocotyls, or rhizomes. Further, as seeds moved to lower 
elevations they became isolated in major river valleys and different sections 
of the genus evolved in parallel evolution. Although species in different sec- 
tions of the genus were once believed to be isolated, considerable overlaps in 
distributions occur, especially for members of the sections Arachis, Erec- 
toides, Extranervosae, and Rhizomatosae (Valls et al., 1985). Since the ma- 
jor sectional groups of the genus have widespread distributions, species 
most likely diverged early in the evolutionary history of the genus and 
subsequently distributed along watersheds. 

The cultivated species A. hypogaea probably originated from a wild 
allotetraploid species (Smartt and Gregory, 1%7). Arachis monticola Krap. 
et Rig. is the only tetraploid known to be crosscompatible with A. 
hypogaea and the most likJy direct progenitor. Since this species is found 
only in the southern Boliviaknorthern Argentina region, this is the region of 
the presumed center of origin for the cultivated peanut (Krapovickas, 
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1968). Although the tetraploid progenitor species is generally considered to 
be A. monticola, much speculation has centered around designating the 
diploid s p i e s  which gave rise to the allotetraploid. Krapovickas et al. 
(1974) indicated that A.  batizocoi Krap. et Greg. is one of the diploid pro- 
genitors and the species is now considered to be the donor of the B genome 
of A. hypogaeu (Smartt el al., 1978a,b; Smartt and Stalker, 1982). The 
donor of the A genome is more elusive, however, and several species have 
been suggested, including A. villosa (Varisai Muhammad, 1973). A. 
duranemlis Krap. et Greg. nom. nud. (Seetharam et al., 1973; Gregory and 
Gregory, 1976) and A. cardenasii Krap. et Greg. nom. nud. (Gregory and 
Gregory, 1976; Smartt et al., 1978a). Because of distribution patterns and 
probable centers of origin of the cultivated peanut, diploid species of sec- 
tion Arachis, now found far from the Bolivia-Argentina region, can most 
likely be eliminated as possible direct ancestors. However, as many unique 
taxa have been collected in Bolivia, and many more are probably still to be 
found, the donor of the A genome may await discovery. 

In addition to the primary center of origin, five secondary centers of 
variability exists for the cultivated species in South America (Gregory and 
Gregory, 1976; Wynne and Coffelt, 1982). Africa represents another center 
of diversity for the cultivated peanut (Gibbons et al., 1972). 

V. CYTOGENETICS OF Arachis SPECIES 

The chromosome number of 2n = 40 was first reported by Kawakami 
(1930) for A. hypogaea. Husted (1931, 1933, 1936) confirmed the ploidy 
level and analyzed the meiotic and somatic chromosomes of seven cultivars. 
The meiotic chromosomes of A. hypogaea pair mostly as 20 bivalents, but a 
few multivalents have also been observed (Husted, 1936). Hybrids among 
subspecific accessions have mostly bivalents at metaphase I, but univalents 
also exist at a low frequency. Husted (1936), Raman (1976). and Stalker 
(1980b) concluded that chromosome structural differences exist between the 
subspecies hypogaea and farfigiata. Further, Gregory et al. (1980) observed 
reduced fertility in hybrids between subspecies, and genetic differences have 
been reported between the subspecies hypogaea and fastigiata 
(Krapovickas, 1973; Wynne, 1974). 

The somatic chromosomes of A. hypogaea are small and most have a me- 
dian centromere. Husted (1933, 1936) analyzed somatic chromosomes of 
several cultivars and distinguished a pair of small chromosomes, which he 
termed "A" chromosomes, and one pair with a secondary constriction, 
which he termed "B" chromosomes. Babu (1955) reported several types of 
secondary constrictions in A. hypogaea, and cultivars can be distinguished 

based on karyotypic differences (D'Cruz and Tankasale, 1961; Stalker and 
Dalmacio, 1986). At least 15 of the 20 chromosome pairs have been 
distinguished and, based on arm ratios and chromosome lengths, Stalker 
and Dalmacio (1986) were able to separate members of different botanical 
varieties based on somatic chromosome morphology. Analyses of somatic 
chromosomes support previous investigations with meiotic chromosomes of 
A. hypogaeaB which illustrated cytological variation between subspecies. 

Aneuploidy was f is t  observed in A. hypogaea by Husted (1936), who 
observed a plant with 4l-chromosomes plus a chromosome fragment. Other 
naturally occurring aneuploids were observed by Spielman et al. (1979) and 
Stalker (198%) after observing somatic chromosomes of plants propagated 
from small seeds. Eight different trisomics or double trisomics (2n + 1 + 1) 
were cytologically verified by Stalker (1985~). Chemical treatments (Ashri et 

1977) or ionizing radiation (Patil and Bora, 1961; Patil, 1%8; Madhava 
Menon et al., 1970) have also produced aneuploid plants. In addition, 
aneuploids are commonly observed after interspecific A. hypogaea hybrids 
are colchicine-treated (Smartt and Gregory, 1967; Spielman el al., 1979; 
Company et al., 1982). Davis and Simpson (1976) reported chromosome 
numbers ranging from 32 to 48 in derivatives of a &r (A. hypogaea x A. 
cardenasii') hybrid. 

Wild species of Arachir were not analyzed cytologically until the late 
1940s. A tetraploid (2n = 40) species, A.  glabrata, was reported by Gregory 
(1946). and Mendes (1947) later observed four diploid species in the genus. 
Only 26 of 33 named species have chromosome numbers confirmed in the 
literature (Smartt and Stalker, 1982). Published information on the group is 
highly inadequate; however, judging from unpublished work in several 
laboratories and inferences from Gregory and Gregory (1979), most species 
in the genus are diploid (2n = 20). Polyploid (2n = 40) species are also 
found in sections Arachis and Rhizomatosae, and Smartt and Stalker (1982) 
concluded that polyploidy evolved independently in the two groups. 

Analyses of pollen mother cells (PMCs) indicate that chromosomes of 
diploid species pair mostly as bivalents (Raman, 1976; Resslar and Gregory, 
1979; Smartt et al., 1978a,b; Stalker and Wynne, 1979; Singh and Moss, 
1982), but quadrivalents have also been observed at a low frequency in the 
diploid species A. villosa and A. spegczzinii Greg. et Greg. nom. nud. 
(Singh and Moss, 1982). In polyploids of a section Rhizomatosae s p i e s ,  
Raman (1976) reported up to four quadrivalents in PMCs. A second acces- 
sion reported by Stalker (1985b) averaged 19.92 bivalents and only 0.04 
quadrivalents per PMC . 

In addition to analyses of chromosome pairing at meiosis, Kirti et 01.. (1983) 
and Jahnavi and Murty (1 985a, b) analyzed the pachytene chromosomes of 
spedes in sections Arachis, Ebectoidder, Extranervosae, Rhizomatme, and 
~iseminalae and distinguished chromosome pairs. Although chromosomes 
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did not stain well, Jahnavi and Murty (1985b) concluded that six different 
chromosomes, three specialized chromosomes, and one nucleolus organizer 
chromosome are present in species of different groups. 

Most karyological analyses in Arachir have used species in section 
Arachir, in which nine species have been analyzed (Stalker and Dalmacio, 
1981 ; Singh and Moss, 1982; Stalker, 1985a). Genomes of most species are 
symmetrical with median chromosomes. Although somatic chromosomes 
&e small, ranging from 1.4 to 3.9 mm in length, species can be identified 
based on karyological differences. By using arm ratios as variables, species 
of section Arachis can be divided into clusters in which species with an A 
genome group together and species with chromosomes typical of the species 
A. batizocoi (B genome) separate into a second cluster (Singh and Moss, 
1982). Further, A. spinaclava has a highly asymmetrical karyotype with 
subtelocentric chromosomes not found in other species of the group 
(Stalker, 1985a). Smartt (1964) reported that the distinctively small 
chromosome pair found in most section Arachis species was not present in a 
section Erectoider species, A. paraguariensis Chod. et Hassl., which implies 
that the karyotype of section Erectoides species may be differentiated from 
chromosomes of most section Arachis species. 

VI. INTERSPECIFIC HYBRIDIZATION IN Arachis 

Interspecific hybrids in the genus were first attempted by Hull and Carver 
(1938) when they tried to cross A. hypogaea and A. glabrata, a species now 
known to be distantly related to the cultivated peanut. The first successful 
hybrid reported in the genus was between A. hypogaea and the diploid 
species A. viliosa var. correntina in 1951 (Krapovickas and Rigoni, 1951). 
The cultivated species has since been hybridized with at least 12 and possibly 
as many as 18 species of the genus (Kumar et al., 1957; Smartt and Gregory, 
1%7; Gregory and Gregory, 1979; Singh, 1985; Singh and Moss, 1984b; 
Pompeu, 1977; Stalker, unpublished data). To date, the only hybrids be- 
tween the cultivated peanut and wild species have been with members of sec- 
tion Arachis. Since many accessions have been introduced recently from 
South America, this conclusion must be verified using a wide range of 
variability in the genus, but results thus far have generally coincided with 
the crossing relationships established by Gregory and Gregory (1979) for 
sectional groups. Although there are reports of crosses between A. 
hypogaea and members of other sections, these crosses have not been 
repeated and thus will not be discussed further in this chapter. 

Raman and Kesavan (1%2) reported the first hybrids among wild species 
in the genus between A. d m e n s i s  and A. villosa var. correntina. Hybrids 

were fertile and had regular chromosome pairing during meiosis. Since the 
first hybrid was reported, hundreds of interspecific crosses have been pro- 
duced to determine the biosystematic relationships among species or to in- 
trogress germplasm to cultivated peanut. The most extensive single 
hybridization program conducted thus far was by Gregory and Gregory 
(1979), who reported cross-compatibility relationships among 91 accessions 
of Arachis species. They showed that intrasectional hybrids are much easier 
to produce than intersectional ones, but low frequencies of success are still 
observed for many hybrid combinations within groups. Gregory and 
Gregory (1979) determined relationships among taxa based on both 
crossability and pollen stainability data. They found that pollen stainability 
of intrasectional hybrids of section Arachis averaged 30.2% when crosses 
were made among species at the same ploidy level. Intrasectional hybrids 
among species within other groups ranged from a low of 0.2% in section 
Extranervosae to a high of 86.8% in section Caulorhizae. All intersectional 
hybrids were completely female-sterile and averaged only 1.9% pollen 
stainability (Gregory and Gregory, 1979). 

Since A. hypogaea belongs to section Arachis, researchers have concen- 
trated efforts within this section. Most interspecific hybrids between species 
with an A genome have 10 bivalents during meiosis (Resslar and Gregory, 
1979; Smartt et al., 1978a,b; Stalker and Wynne, 1979; Singh and Moss, 
1984a). Perennial species of the group generally hybridize more easily as 
male rather than as female parents. Although meiosis is regular, pollen 
stainability ranges between 20 and 85% and seed production is limited for 
several hybrid combinations. In contrast to hybrids between A genome 
species, when crosses are made between A. batizocoi (B genome) and other 
members of section Arachis, all hybrids are sterile and have irregular 
meioses with a range of 4.6-8.6 bivalents per PMC (Gibbons and Turley, 
1967; Smartt et al., 1978a,b; Stalker and Wynne, 1979; Singh and Moss, 
1984a). When the species A. spinaclava (D genome) is hybridized with either 
A or B genome species, all hybrids are sterile and meiotically irregular 
(Stalker, 1985a). Many other recently collected taxa must also be analyzed 
cytologically and, based of fertility data of F, hybrids, additional unique 
genomes may be found in the group. 

Because of high levels of sterility in intersectional hybrids between diploid 
species, crosses have been attempted after raising the ploidy level of species 
or their hybrids. All attempted crosses between amphidiploids of section 
Arachis species and amphidiploids or natural tetraploids of species in other 
sections (Erectoides or Rhizomatosae) have failed. Hybridization at the 
tetraploid level is more difficult than between diploids and tetraploids for at 
least some groups of the genusi For example, the two diploid (2n = 20) sec- 
tion Arachis species A. duranenrir and A. stenosperma have been hybrid- 
ized with the rlOchromosome amphidiploids (A. rigonii x A. sp. coll. GKP 
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9841, PI 262278) of the section Erectoides (Stalker, 198 1). A high frequency 
of bivalents was observed and Stalker concluded that chromosome 
homologies exist among members of sections Arachis and Erectoides. 
Complex hybrids between sections Erectoides and Rhizomatosae have also 
been cytologically analyzed and chromosome homologies reported for at 
least one hybrid combination (Stalker, 1985b). Also, plants of one 
rlOchromosome intersectional Erectoides x Rhizomatosae hybrid com- 
bination were male-fertile and produced selfed seeds. Several triploid 
hybrids between section Arachis ( 2x )  and (Erectoides x Rhizomatosae) (4x) 
have also been made but all hybrids failed to flower even though they had 
been propagated for several years (Stalker, 1985b). 

Based on the cumulative cross-compatibility data of interspecific hybrids 
by many investigators, a series of genomes for Arachis species were pro- 
posed by Smartt and Stalker (1982) and Stalker (1985b) as follows: 

A: section Arachis, perennials and most annuals 
B: section Arachis (A. batizocoi) 
D: section Arachis (A.  spinaclava) 

Am: section Ambinervosae 
C: section Caulorhizae 
E : section Erectoides 

Ex: section Extranervosae 
T: section Triseminalae 
R: section Rhizomatosae, series Prorhizomatosae 

Arachis hypogaea and A. monticola have an AB genome, while the 
genomes of tetraploid species in section Rhizomatosae may be similar to the 
A genome of section Arachis and the E genome of section Erectoides. Only 
the A, B, and D genome of section Arachis have been studied intensively, 
and other genomic designations in the genus remain to be verified 
cytologically. However, even in section Arachis there are unanswered ques- 
tions, such as the real differentiation between designated A and B genomes. 

Based on cytological analyses, only two to four chromosome pairs are 
differentiated between A.  batizocoi and A genome species (Stalker and 
Wynne, 1979; Singh and Moss, 1984a). Triploid hybrids between A. 
hypogaea and diploid species have a few trivalents, but hexaploids obtained 
after colchicine treatment average six or more univalents and may have as 
many as 20 unpaired chromosomes (Company et a!., 1982; Singh, 1985). 
Pairing mechanisms, or lack thereof, are apparently under genetic control. 
Further, after backcrossing hexaploids with A.  hypogaea, pentaploids are 
produced with the expected 20 bivalent plus 10 univalents, but after one 
generation of self-pollination, 25 bivalents have been observed in some pro- 
genies (Stalker , unpublished data). This indicates that considerable 
homology exists among the A and B genomes. 

Genomic designations outside of section Arachis are based mostly on 
cross-compatibilities. Since incompatibilities may result from single genes, 
cytoplasmic effects, or other factors, there may be considerable homology 
among the genomes which have been designated as unique. Several prob- 
lems also remain unanswered for groups of species. For example, why will 
diploid Prorhizomatosae not hybridize with tetraploid members of the same 
section when taxa from other sections will hybridize with the tetraploid 
rhizomatous species? A D genome has been designated for a species which is 
morphologically identified with members of section Arachis, but the taxa 
may be genomically more similar to species in other sections. Regardless, 
sectional names are useful for communication concerning groups of species 
and, from present knowledge, potentials for utilizing species in the genus 
can be determined. Germplasm pools can be also designated for establishing 
potentials for introgression to A. hypogaea. The primary gene pool com- 
prises A. hypogaea accessions and genetic stocks plus the closely related 
tetraploid species A. monticola. Large collections of the cultivated species 
exist in the United States (ca. 4000 accessions) and at the International 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), which has 
more than 8000 lines (Wynne and Coffelt, 1982). Although several acces- 
sions of A. monticola have been cataloged in germplasm lists, they all 
represent collections from at most two sites in South America. Arachis 
hypogaea will hybridize with A. monticola and produce fertile hybrids 
which have normal meiosis (Krapovickas and Rigoni, 1957; Raman, 1958). 
Analyses of somatic chromosomes have confirmed the close relationship 
between the species, indicating that they belong to the same biological 
species. 

The secondary gene pool is represented by diploid members of section 
Arachis which have an A or B genome. Hybrids between the diploid and 
tetraploid species of the group are sterile, but fertility can be restored by 
manipulating ploidy levels and good evidence exists for homology between 
the chromosomes of wild and cultivated species (Singh, 1985; Stalker, 
1985b). Although A. batizocoi is the most likely representative donor of the 
B genome in A. hypogaea, identification of the A genome donor species has 
not been made. However, enough similarities exist between A. hypogaea 
and most of the A genome species of section Arachis that gene transfer can 
occur from wild taxa to the cultivated peanut. 

The tertiary gene pool includes all taxa outside section Arachis plus 
species of section Arachis which do not have an A or B genome (for exarn- 
ple, A. spinaclava). Hybrids between A. hypogaea and these species have 
not been produced and specialized techniques will be required to produce 
hybrids. However, F, generatio ? plants are expected to be completely sterile 
and methods to introgress small chromosome segments will be necessary for 
utilization of these germplasm resources. 
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VII. GERMPLASM EVALUATION 

Identification of desirable traits, especially for disease and insect 
resistances, in Arachis species must precede utilization of germplasm 
resources. Disease and insect resistances have had the highest rates for suc- 
cessful introgression from wild species to many crop plants (Watson, 1970; 
Knott and Dvorak, 1976). Likewise, the most commonly investigated 
agronomic traits in wild species are pest resistances. The peanut is plagued 
by a large number of pests, many of which are now worldwide in distribu- 
tion. Because of the agronomic importance and impact of diseases and pests 
on yield and quality, introgression of disease resistance from wild species to 
cultivars has been a high priority in many breeding programs. 

The three most important diseases of A. hypogaea worldwide are Cer- 
cospora arachidicola Hori (early leafspot), Cercosporidium personaturn 
(Berk. et Curt.) Deighton (late leafspot) and Puccinia arachidis Speg. 
(peanut rust). Subrahmanyam et a/. (1984) estimated that in India, which is 
one of the largest producers of peanuts, yield losses due to rust and 
leafspots are approximately 70% annually. Gibbons (1980) estimated that 
production in locations where fungicides are not used, largely because of 
high chemical costs, have yield decreases of approximately SO%, and even 
when chemicals are applied yield may be decreased by 10% (Jackson and 
Bell, 1969). In addition to actual production losses directly due to the 
diseases are costs of chemicals, application expenses, and plant damage in- 
curred during applications. Although only one of the leafspots may be com- 
mon at a particular location during the year, the disease populations may 
change over years as cultivars are replaced (Smith and Littrell, 1980). 

Many Arachis species have been evaluated for resistance to the C. 
arachidicola pathogen (Table IV). The three species A. glabrata, A. 
hogenbeckii, and A. repens have high levels of resistance to this pathogen (Gib- 
bons and Bailey, 1 %7). Abdou et al. (1 974) screened 94 species accessions in the 
greenhouse and found members of sections Arachis (A. chacoense GKP 
10602)B Caulorhizae (A. repens GKP 10538), Extranervosae (A. villosulicarpa, 
three accessions), and Rhizomatosae (A. sp. GKP 10596) to be immune to C. 
arachidicola. Melouk and Banks (1978) confirmed the immune reaction of A. 
chacoenw, but Foster et al. (1 981) and Company et a/. (1 982) observed small 
lesions on leaves of field-grown plants. Kolawole (1976) reported high levels of 
resistance in a second section Arachis species which Sharief et al. (1978) con- 
cluded was the A. stenosperma Greg. et Greg. nom. nud., collection HLK 410. 
Because evaluations of both cultivated and wild species at different locations 

had been done with different techniques and disease pressures, Foster et al. 
(1981) compared 9 section Arachis species with 14 reportedly resistant 
cultivated genotypes. They confirmed a high level of resistance in A. stenosper- 
ma (HLK 410) and found that A. chacoense had significantly fewer lesions per 
leaf than any other species tested. Sharief et a/. (1 978) reported that resistance in 
Arachis species is multigenic, while Company et al. (1982) found triploid in- 
terspecific hybrids between A. hypogaea and the Arachis species A. cardenasii 
and A. chacoense to be resistant to early leafspot in the field. This indicated at 
least partial dominance for resistance. Cercospora arachidicola resistance ap- 
pears to have been introgressed from the wild diploid species A. cardenasii to A. 
hypogaea (Stalker, 1 984). 

Late leafspot (C. personatum) is the most severe peanut disease in many pro- 
duction areas. Abdou et aZ. (1 974) screened the same 94 accessions mentioned 
previously for this pathogen in the greenhouse. They reported high levels of 
resistance in several taxa of sections Arachis , Cuulorhizae, Extranervosae, and 
Rhizornatosae. Arachis cardenasii was the only species in the accessions which 
is both cross-compatible with A. hypogaea and immune; Subrahmanyam et al. 
(1980) confirmed the reactions in separate experiments. Kolawole (1976) 
reported high levels of resistance in a second species, now believed to be A. 
stenosperma. Resistance has recently been selected in 40-chromosome in- 
terspecific hybrid derivatives of A. hypogaea x section Aruchis species (Moss, 
1985b). 

Because populations of leafspots can change, breeding for only one pathogen 
and not the other may be futile. Fortunately, high levels of resistance have been 
found in several genotypes to both early and late leafspots (Abdou et al., 1974; 
Kolawole, 1976). In addition, A. cardenasii (which is reported as resistant to C. 
personatum but susceptible to C. arachidicola) has at least moderate levels of 
resistance to the early leafspot pathogen for lesion number and lesion size, but 
not for genes conditioning defoliation (Foster et a/., 1981). 

In addition to fungal pathogens, peanuts are invaded by many viruses. 
Several of these cause severe damage and yield loss such as bud necrosis and 
peanut stunt, while others express only mild symptoms which may have little ef- 
fect on yield. A comprehensive review of peanut diseases was made by Porter et 
al. (1982), who discussed descriptions of causal organisms, symptoms, disease 
cycles, and controls. This chapter will thus be restricted to reports directly 
related to wild Arachis species. 

Groundnut rosette virus is restricted to Africa south of the Sahara and may 
be the most destructive virus disease of peanut (Porter et al., 1982). While 
resistance has been found in the A rachis species A. glabrata and A. repens (Gib- 
bons, 1969), the species A. glabrata and A. prostrata Benth. (identified as A. 
hagenbeckii and A. repens by Gibbons, 1969) were reported as being symp- 
tomless carriers of the virus by Klcsscr (1 967). 13ccausc rcsislancc was found on- 
ly in species which will not hybri'dize with A. hypogaea, and at about the same 
time adequate levels of resistance were also found in the cultivated accessions, 
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' ittle screening or attempted utilization of wild species has occurred. High- 
yielding rosette-resistant cultivars have been released for grower use in 
Africa (Gillier, 1978). 

Tomato spotted wilt virus, the causal organism for bud necrosis disease, 
is widespread in many peanut production areas and may cause up to 90070 
yield loss (Saint-Smith et al., 1972). Ghanekar (1 980) screened approximate- 
ly 3000 A. hypogaea accessions and did not find field resistance to the 
disease. Subrahmanyarn et al. (1985) inoculated 42 Arachis species in the 
greenhouse and field. The species A. pusilla GK 12922, A. correntina GKP 
9530, and A. cardenasii GKP 10017 became infected in the greenhouse but 
expressed no symptoms in the field. Arachis chacoense GKP 10602 showed 
infection neither after mechanical injection of the virus nor after infection 
by thrips (although virus was detected after grafting), and this species may 
represent the best source of resistance to bud necrosis. Since A. chacoense 
has been hybridized with A. hypogaea, it should serve as a usable source for 
resistance in a peanut breeding program. 

Peanut stunt virus was reported in Virginia during 1964 (Miller and 
Troutman, 1966), and epidemics occurred in the following years. Since 
then, stunt virus has been found in other production regions in the United 
States, Japan, and Africa (Porter et al., 1982). Hebert and Stalker (1981) 
screened approximately 4000 cultivated accessions and all were susceptible 
to the virus. However, after evaluating 90 Arachis species accesions, they 
found high levels of resistance in species of sections Arachis, Caulorhizae, 
Erectoides, and Rhizomatosae (Table IV). Again, the most accessible 
species were the highly resistant sources A. duranensis K 7988, A. viflosa B 
22585, and an A. correntina-villosa genotype (Manfredi #8), and several 
others with high tolerance levels [A. correntina K 7897 and GKP 9548 and 
two A. correntina-villosa genotypes (Manfredi #5 and #36)] found in section 
Arachis. Hebert and Stalker (1981) also reported that resistance is not con- 
ditioned by a single dominant gene, so introgression may be difficult from 
wild to cultivated species. Because peanut stunt virus has effectively been 
controlled through cultural practices and incidence has been insignificant 
during the past 10 years, no concentrated efforts have been made to transfer 
genes conferring stunt virus resistance from the wild to cultivated species. 

Peanut mottle virus is found worldwide and can infect almost every plant 
in a peanut field. Demski and Sowe11 (1981) concluded that economic losses 
due to the virus are second only to leafspots in the southeastern United States. 
Kuhn et al. (1968) screened more than 450 cultivated accessions but did not 
find usable levels of resistance. Later, Kuhn et al. (1978) identified two 
tolerant A. hypogaea accessions. Dnnski and Sowell (1981) evaluated seven 
species accessions of section Rhizomatosae and six of these were immune to 
peanut mottle virus. Subrahmanyam et al. (1985) screened an additional 50 
Arachis accessions and found no infection after mechanical or airbrush in- 
oculations in the specis A. pusifla GK 12922, A. chacoense GKP 10602, A. 

cardenasii GKP 10017, and A. correntina GKP 9530. In addition, A. pusilla 
and A. chacoense were not infected after grafting infected scions onto their 
stems; therefore, these two species accessions may have true immunity. 

Fitzner et al. (1985) evaluated 14 species of section Arachis for the soil- 
borne disease Cylindrocladium black rot, caused by Cylindrocladium 
crotalariae (Loos) Bell and Sobers. Resistance was reported only for the 
species A. monticola GKBSPSc 30062. They indicated that a valuable 
source of resistance for developing cultivars may have been found because 
A. monticola produces fertile hybrids with A. hypogaea. 

Another soil-borne problem for peanut production in many areas is 
nematode infestations. In some regions of the world, peanuts cannot be 
grown without nematode controls (Porter et al., 1982). Nematodes may also 
be associated with high levels of aflatoxin and with other soil-borne diseases 
(see Porter el al., 1982). Meloidogyne hapla Chitwood (northern root knot 
nematodes) are the most important species which attack peanut. Of 33 
Arachis accessions evaluated by Banks (1969), only accession PI 262286 (of 
section Rhizornatosae) had moderate levels of resistance.' Castillo el a!. 
(1973) evaluated 12 wild species accessions and, in addition to confirming 
resistance in PI 262286, reported three additional PIS, 262841, 262814, and 
262844, as being more resistant than the cultivated controls. 

Insects can cause severe yield losses in peanut by feeding on all plant parts. In 
addition, insect species have been shown to be vectors for viruses (see Smith and 
Barfield, 1982). Surveys have not been taken to establish the economically im- 
portant pests in many production areas, but Smith and Barfield (1982) listed 360 
insect species which attack peanuts. The lesser cornstalk borer [Elasmopalpus 
lignosellus (Zeller)] is the most severe subterranean insect pest in the United 
States, and the southern corn rootworm (Diabrotica undecimpunctata ho war- 
dii Barber) also has a wide distribution. Aboveground foliage insectsincluding 
tobacco thrips (Frankliniella fusca Hinds), potato leafhoppers, (Empoasca 
fabae Harris), corn eanvorms (Heliothis zea Bodie), and fall armyworms 
(Spedoptera fragiperda J. E .  Smith) are among the most severe insect pests of 
peanuts in the United States. Many insects move into peanut fields in successive 
waves. Thrips arrive early in the growing season, followed by corn earworm in- 
vasion at peak bloom and then by potato leafhopper migrations (Campbell and 
Wynne, 1980). In the semiarid tropics, the predominant species of insect pests 
include the groundnut aphid (Aphis craccivora Koch), thr: ps [Scirtothrips dor- 
salir Hood, Caliothrips indicus Bagnall, Frankliniella schultzei (Tryborn), F. 
fusca, and Ennoefhrr;Osflavens Moulton], jassids (Empoasca sp.), arm yworrns 
(Spodoptera sp.), and termites (Microtermes sp. and Odontotermes sp.) 
(Amin, 1985). 



H. T. STALKER AND J. P. MOSS SPECIATION, CYTOGENETICS, AND UTILIZATION 23 

A large number of Arachis accessions have been screened for insect 
resistances including resistance to thrips, leafhoppers, and corn earworms 
(Stalker and Campbell, 1983); armyworms (Lynch et al., 1981); lesser corn- 
stalk borers (Stalker et al., 1984); and spider mites (Leuck and Hammons, 
1968; Johnson et al., 1977). High levels of resistance have been found for 
the first four insect pests listed above, whereas lower (but still high) levels of 
resistance have been reported for the lesser cornstalk borer and spider mites 
(Table IV). Most importantly, resistances are found in species which will 
hybridize with A. hypogaea. Stalker and Campbell (1983) indicated that the 
mechanism of resistance to H. zea in Arachis species was antibiosis. In at- 
tempts to utilize the resistances for insect pests, 40chromosome in- 
terspecific hybrid derivatives with A. hypogaea were evaluated and high 
levels of resistance for several insect pests were found (Stalker and Camp- 
bell, 1983; ICRISAT, 1985). 

Arachis species are potentially valuable germplasm resources for traits 
other than disease and insect resistances. For example, peanut seed protein 
is usually low in the sulfercontaining amino-acids and tryptophan. Arachis 
villosulicarpa is high in tryptophan (range of 1.44-1.66%) as compared to 
the highest A. hypogaea line (1.41 %) tested by Amaya et al. (1977). Many 
of the Arachis species are extremely drought resistant and research in the 
area of physiological traits needs to be conducted. 

In addition to seeds and vegetative plants collected on exploration trips in 
South America since 1976, nodules have also been obtained from many ac- 
cessions. Bradyrhizobium have been isolated and maintained from both 
cultivated and wild Arachis species (Elkan et al., 1981). Many strains have 
been evaluated for plant-Bradyrhizobium interactions; and one strain, NC 
92, increased peanut yields under field conditions when applied to the 
cultivar Robut 33-1 in India (ICRISAT, 1983). 

VIII. UTILIZATION OF WILD Arachis SPECIES 

Wild species of Arachis are a valuable source of desirable characters for 
cultivar improvement. Especially when the wild species are the only source 
of resistance to diseases (for example, to peanut clump virus), attempts need 
to be made to combine the genomes of cultivated and wild species to 
develop genotypes with stable resistance. Results from the few studies so far 
conducted indicate that genes for resistance in wild peanut species may be 
different from those in cultivated peanut (for example, peanut rust) (Singh 
et d., 1984). However, difficulties of gene transfer from wild species have 
precluded widespread use of potential germplasm and have also limited our 
knowledge of the nature and genetics of resistance in the wild species. 

The major restriction for study and use of wild species in Arachis is cross- 
incompatibilities between most species and the cultivated peanut. With the 
exception of A. monticola, all wild species in section Arachis that can be 
hybridized with the cultivated peanut are diploids. Thus, hybrids are sterile. 
Even among these cross-compatible species the success rate for interspecific 
hybrid production may be low. Reasons for this include incompatibilities 
among species, especially when the wild species is used as a female parent; 
hybrid sterility due to the polyploidy; genomic differences among species; ir- 
regular meiosis in colchicine-treated hybrids; and difficulties encountered 
during backcross generations when sterile aneuploid or pentaploid plants are 
obtained. Even when hybrids can be obtained, the problem of eliminating 
undesirable wild species characters still exists. When genomes are common to 
both cultivated and wild species, this may not be a problem. If there are no 
chromosome homologies, it may be necessary to induce translocations for 
gene introgression. Even where genomes are homologous or homoeologous 
and pairing occurs, linkage may restrict recombination between desired and 
undesirable genes and prevent the production of A. hypogaea-like lines with 
the desired agronomic characters (Stalker et a/., 1979). Before a program can 
be designed to circumvent interspecific hybridization barriers between A. 
hypogaea and other species, reproductive ontogeny and isolation barriers 
must be understood. 

Approximately 12 hr elapse between pollination and fertilization (Smith, 
1956). About a week after fertilization, an intercalary meristem of the peg 
located in the ovary proximal to the ovules begins a rapid geotropic elonga- 
tion (Jacobs, 1947). Gibberellic acid has a significant stimulatory effect on 
peg elongation (Amir, 1969), while auxin inhibits peg elongation and is 
associated with fruit enlargement (Jacobs, 1951). Several days after elonga- 
tion initiates, the peg penetrates the soil, ceases to grow, and expands into a 
pod (Smith, 1950, 1956; Yasuda, 1943). Ziv (1981) reported that light is 
necessary for peg elongation. When pegs fail to reach the soil, they remain 
viable for several days and then wither. Moisture in the absence of light ap- 
pears to be the most important factor governing pod development (Yasuda, 
1943). Although the peg follows a sigmoidal growth pattern, the embryo 
and endosperm initially divide and then become quiescent; the embryo con- 
tains between 5 and 27 cells at the time the peg penetrates the soil (Schenk, 
1961). After the peg is underground, the embryo then maintains a rapid 
growth phase. Both the root apex and cotyledons are initiated in the 
globular embryo stage, and by the heart-shaped embryo stage the 
cotyledons appear as a projection (Pallai and Raju, 1975). Schenk (1961) 
reported physiological changes associated with peg development, and Bren- 
nan (1969), Gregory et al. (1973), and Periasamy and Sarnpoornam (1984) 
reviewed in more detail the 'reproductive development of the cultivated 
peanut. Halward and Stalker (1 985, 1987a) reported differences in develop- 
ment of reproductive tissues of wild and cultivated peanuts. 
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Although many hybridization failures of interspecific crosses have been 
attributed to embryo abortion, only a few investigations have been reported 
detailing mechanisms of incompatibility. Johanson and Smith (1956) at- 
tributed the failure of A. hypogaea x A. diogoi (not true diogoi vide 
Gregory and Gregory, 1979) to slow growth and degeneration of the em- 
bryo accompanied by hypertrophy of integuments. In A.  hypogaea x A.  
glabrata (section Rhizomatosae) crosses, Murty et al. (1980) observed up to 
a 48-hr delay in fertilization and early embryo abortion. In A. monticola x 
A. sp. (section Rhizomatosae) crosses, Sastri and Moss (1982) observed 
large callus plugs along pollen tubes; however, a few pollen tubes were 
observed in the ovary. They further reported that gibberellic acid and 
kinetin treatments stimulated peg production in incompatible crosses. In the 
more closely related species of section Arachis incompatibility among 
species can be caused by the failure of pollen to germinate on the stigma, 
restriction in fertilization, and/or embryo abortion (Halward and Stalker, 
1984). Further, interspecific hybrids can abort a early as 6 days after 
pollination (for example, in diploid x hexaploid hybrids) or remain viable 
but undeveloped until the time of normal maturity (for example, hexaploid 
x diploid hybrids) (Halward and Stalker, 1985, 1987b). Future recovery of 
interspecific hybrids will thus depend on developing techniques to initiate 
peg development, promote embryo growth on the plant, and to recover 
viable, but small, embryos in vitro. Promoting embryo development can 
either be done through ovule culture or, in the case of peanuts, by applying 
hormones to developing tissues in vivo (Malli karjuna and Sastri, 1985a). 
Application of embryo culture techniques will then be necessary to recover 
small reproductive tissues after embryos have reached the heart-shaped em- 
bryo stage of development. 

B. DIREC~ HYBRIDIZATION WITHIN SECTION Arachis 

1. Hybrids bet ween Tetraploid Species 

Arachis monticola is a tetraploid in series Amphiploides of section 
Arachis and is the only wild Arachis taxon which can be readily crossed with 
A. hypogaea to produce fertile progeny. The species has been given specific 
status, but it is a member of the same biological species as A. hypogaea and 
logically could be considered as a subspecies of the cultivated peanut. 
Arachis monticola was us& by Hammons (1970) in the pedigree of Span- 
cross and probably by Simpson and Smith (1974) to develop Tamnut 74. 
For all practical purposes, A. monticola can be considered a wild form of 
peanut which does not need species manipulations for its utilization in 
breeding programs. 

Table V 

Number of Pods Produced per 100 Pollinations in Successive 
Backcrosses of Hexaploids to A. hypogaefl 

Backcross 
Wild species used in Number of fertile 

production of hexaploid BC, BCZ BC, BC, BC, derivatives selected 

A. cardenasii 9 18 12 26 - 9 
A. chacoense 6 I0 17 7 16 9 
A. stenosperma 14 16 8 4 - 2 
A. correntina 25 5 - - - - 
A. villosa 7 - - - - - 
A. batizocoi 10 - - - - - 
Mean 9 16 1 1  10 16 

"From ICRISAT (1 98 1 - 1982). 

2. Hybrids between A.  hypogae and Diploid Species 

a. Triploids. All attempts at crossing A. hypogaea with diploid species 
with an A or B genome have produced hybrids, although the crossing suc- 
cess varies depending on the species used and the direction of the cross 
(Table V). The interspecific hybrids are triploids, usually vigorous, flower 
profusely, and are mostly sterile (Smartt and Gregory, 1967; Raman, 1976; 
Gregory and Gregory, 1979; Seetharam et al., 1973). There were an average 
of 8.8 univalents, 9.1 bivalents, and 1.0 trivalents per PMC in the triploids 
between A. hypogaea and eight diploid species (Singh and Moss, 1984b). 
Segregation was irregular and the percentage of stainable pollen grains 
varied in size. Sterility has been overcome by colchicine treatment to pro- 
duce hexaploids for many hybrid combinations (Smartt and Gregory, 1967; 
Spielman et al., 1979; Spielman and Moss, 1976; Company et a!., 1982). 

Although tripolids are usually sterile, seeds were produced on several 
hybrids of different cross-combinations of interspecific A. hypogaea 
hybrids (Simpson and Davis, 1983; Singh and Moss, 1984b). Eighty-two 
percent of the progeny derived from selfing triploids were hexaploid, in- 
dicating the formation of competent unreduced gametes (Singh and Moss, 
1984b). Progenies other than hexaploids had chromosome numbers ranging 
from 2n = 20 to 59, indicating that gametes with fewer than 30 
chromosomes can be functional. The hexaploids are af special interest as 
they have been obtained without the need for colchicine treatment, and, 
unlike colchiploids they have arisen from postmeiotic cells and thus pairing 
between wild and cultivated chromosomes has occurred. This is also true for 
the tetraploids; although produced at lower frequencies (8Vo) than the hex- 
aploids (82%). they have the advantage of being at the same ploidy level as 
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Pthe cultivated peanut. Whereas colchiploids have identical homologies and 
chromosomes will not segregate (except as a result of homologous pairing), 
the progenies arising from selfed triploids will be unique because 
chromosome segregation has occurred. 

b. Hexcrploids. Hexaploids, whether produced by colchicine treatment or 
from selfing of partially fertile triploids, have many undesirable characters 
associated with wild species, and none have been seriously considered 
suitable as the basis for developing the hexaploid peanut as a crop. Hex- 
aploids are, therefore, an intermediate stage in a hybridization and selection 
process. The chromosome number must be reduced to the teraploid level 
and then undesireable wild characters eliminated. Tetraploidy can 
theoretically be achieved in one step by crossing hexaploids with diploid 
wild species. Although this will achieve the desired ploidy level and provide 
an opportunity to incorporate additional characters to A. hypogaea if a 
nonparental wild species is used, it also reduces the proportion of cultivated 
chromosomes in tetraploid derivatives. Hybrids between hexaploids and 
diploids have been difficult to produce due to embryo abortion (Halward 
and Stalker, 1984), and no tetraploid populations have been developed 
from these crosses. 

Hexaploids vary in meiotic regularity and in fertility but can be crossed 
with A.  hypogaea. Pods per 100 pollinations of these crosses varies from 7 
to 25 (Table VI). From three different hexaploids backcrossed to BC, or to 
BC5 generation, 6775 pollinations produced 894 pods (13%), but only 20 
fertile plants with regular meiosis were selected from pregenies (ICRISAT, 
1982). 

c. Alteration of Ploidy Levels. Other ploidy manipulations are available 
to bypass the sterility of triploids and difficulties of backcrossing hex- 
aploids. These all involve producing tetraploid derivatives of the wild 
species which can then be crossed with A. hypogaea. Further, the crosses 

Table VI 

Number of Pods Produced per 100 Pollinations in Successive 
Bsckcrosscs of A. sp. Autotetraploids to A. hypogaeff 

Autotetraploid BC, BCZ BC, Fertile stable derivatives 

A. batizocoi 6 7 13 3 
A. viiiosa 5 6 - 1 
A. correnrina 2 2 0 -  1 
A. stenosperma 3 14 4 
A. spegazzinii 11 - - 1 

Mean 5 8 12 6 (Total) 

Oprom ICRISAT (198 1-1982). 

have the advantage of producing wild x cultivated hybrids with a range of 
genome formulas (AABB, AAAB, or ABBB) which encourage in- 
tergenomic AB pairing, which Smartt et al. (1978a,b) predicted would be a 
problem in transferring wild species characters into A. hypogaea. The 
known genomes in section Arachis are the A and B of A. hypogaea: the B 
genome in wild A. batizocoi and the A genome of all other wild species ex- 
cept A. spinaclava, which has a D genome (Stalker, 1985a). There are dif- 
ferences in chromosome morphology and degree of pairing in hybrids be- 
tween the wild A genome species (Singh and Moss, 1984a). Thus, the possi- 
ble ploidy manipulations are to produce autotetraploids of the A, B, and D 
genomes and AB, AD, and BD amphiploids. In addition, amphiploids can 
be produced by crossing two different A genome species and doubling the 
chromosome number of the hybrid (ICRISAT, 1981 ; Gardner and Stalker, 
1983). A wild range of crosses have been made and tetraploid derivatives 
produced. 

i. Autotetraploids. Autotetraploids of A .  villosa, A correntina, A. 
stenosperma, A. duranensis, A .  spegazzinii, A .  chacoense, A. cardenasii, and 
A. batizocoi have been produced (Singh, 1986a). Multivalents are frequent in 
autotetraploids; mean quadrivalent number in different autotetraploids 
ranges from 2.4 to 4.8 per PMC (Singh, 1986a), and pollen stainability ranges 
from 8 to 16070, except for autotetraploid A. batizocoi, which has 37% 
stainable pollen. Although vegetatively vigorous, autotetraploids are difficult 
to maintain due to reduced seed fertility; when crossed with A. hypogaea, 
from 2 to 11 pods per hundred pollinations (mean 5%) were produced, but 
with successive backcrosses to A. hypogaea the crossability increased as 
hybrids became more fertile (Table VI). 

The first cross of an autotetraploid to A. hypogaea results in plants with 
genomic constitution AAAB or ABBB, and the absence of homologs for 
one genome could lead to increased homoeologous (A-B) pairing, which 
would increase the range of recombinants produced. Forty-chromosome, 
meiotically regular, and fertile plants can be obtained from autotetraploids 
within three generations of crossing to A. hypogaea (ICRISAT, 1982). For 
example, of five autotetraploids backcrossed to A. hypogaea, 3368 pollina- 
tions produced 249 pods (7.4%), from which six fertile derivatives were ob- 
tained. Fertile, stable derivatives can be obtained after one cross. Thus, 
although autotetraploids provide opportunity for homoeologous pairing 
when backcrossed with A. hypogaea, the number of resulting desirable 
recombinants is low. 

ii. Amphidiploids. Presently there are 12 named diploid species in section 
Arachis, although as recent collections are studied this number will likely in- 
crease to 15-20 species in the group. Currently, there are only three 
genomes known, so only the genome combinations AABB, AADD, and 
BBDD can be produced. A sum of 10 AABB, 10 AADD, and 1 BBDD 
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epecies  combinations are thus possible among named species. However, am- 
phiploids can also be produced from two A genome species, so the total 
number of amphiploids which can be produced among all described taxa is 
132; this number includes reciprocal hybrids to account for possible dif- 
ferencesein cytoplasmic effects. The amphidiploids represent an important 
gene pool for peanut improvement, and each one potentially incorporates 
genes from two species at the same ploidy level as cultivated peanuts, Fur- 
ther, each amphidiploid has at least one genome in common with A. 
hypogaea, which should promote gene transfer. 

Many diploid interspecific hybrids have been produced between section 
Arachis species. Pairing and fertility in AA hybrids are reasonably good, 
with 8.96-9.8 bivalents per PMC and 40-85% pollen stainability. However, 
in AB, AD, and BD hybrids, paring and fertility are reduced to a mean 
number of 4.7-8.6 bivalents per PMC and pollen stainability ranging from 
3 to 7% for AB, AD, and BD hybrids (Stalker and Wynne, 1979; Singh and 
Moss, 1982, 1984a; Stalker, 1985a). Comparisons of AA and AB hybrids 
with the corresponding amphiploids show that pairing is more regular and 
pollen stainability higher in the AABB amphiploids, but the reverse is true 
for the AAAA amphiploids (Table VII). When A. hypogaea was hybridized 
with the four amphiploid genotypes, little difference in frequencies of 
trivalents (mean = 0.34) or quadrivalents (mean = 0.07) per PMC are 
observed (Gardner and Stalker, 1983). AABB (A. hypogaea x am- 
phidiploid) hybrids form fewer bivalent~ (mean = 14) and have more 
univalents (mean = 6) than would be expected from their genomic formula 
(ICRISAT, 1982; Singh, 1986b). Ten univalents in the AAAB hybrids were 
also observed which could easily be assigned to the B genome, but this 
assumption is not justified, due to the high univalent frequency in AABB 
hybrids. This indicates that in A. hypogaea x amphidiploid hybrids, both 
AB and A (wild)-A (Cultivated) pairing is highly probable. Pollen 
stainability and plant fertility in amphiploids and their hybrids with A. 
hypogaea is high enough to conduct a backcrossing program. Three fertile 
and stable derivatives were obtained from a total of 321 pods obtained after 
backcrossing A. hypogaea with AABB wild species amphiploids, and seven 
were obtained from 527 pods for AAAA amphiploids (ICRISAT, 1982). 
These frequencies of about lVo show that both types of amphiploids are a 
practical means of introgressing genes from wild species to A. hypogaea. 

C. INTERSEC'IONAL HYBRIDIZATION FOR GENE INTROGRESSION 

Successful intersectional hybridization is rare in Arachis. Of 42 possible 
combinations, including reciprocals, attempted by Gregory and Gregory 
(19791, only eight hybrids were produced and none of these involved A. 
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afXypogaea. Direct intersectional hybridization with A.hypogaea is currently 
not a possible means of introgression from wild to the cultivated species. 
Either hormone treatment and/or embryo rescue will be necessary to pro- 
duce hybrids, or highly crossable genotypes of Arachis must be found 
before germplasm from most species of the genus can be transferred to A. 
hypogaea. 

Hybrids have been produced between annual diploids (with either an A or 
B genome) of section Arachis and a number of section Rhizomatosae acces- 
sions, and between section Arachis species and two accessions of section 
Erectoider (Gregory and Gregory, 1979). This suggests that diploid section 
Arachis species may be useful for introgressing genes from species distantly 
related to the cultivated peanut. Gregory and Gregory (1 979) suggested 
elements in common between sections on the basis of crossability, even 
though the hybrids were all highly sterile. Stalker (1985b) studied a number 
of intersectional crosses including a 40-chromosome (Erectoides x Erec- 
toides) x (Erectoides x Rhizomatosae) hybrid. The mean number of 
univalents was less than three, indicating a considerable degree of pairing 
between members of sections Erectoides and Rhizomatosae chromosomes. 
A common genome to taxa of both these sections is likely to exist. The in- 
tersectional hybrids have potential for making additional crosses and for 
ploidy manipulation to introgress genes into A. hypogaea, but there have 
not been concentrated efforts to do this. 

D. In Vitro TECHNIQUES FOR INTERSPECIFIC HYBRIDIZATION 

I .  Cell and Protoplast Culture 

Callus is generally easy to produce in Arachis but plant regeneration is 
difficult. Peanut cotyledons have been used to define biochemical 
parameters for callus growth in cultivars (Verma and van Huystee, 1971; 
Verma and Marcus, 1974; Russo and Varnell, 1978; Guy et al., 1978). 
However, regeneration of plants from cotyledon callus of peanuts has not 
been obtained. Plants were recovered from tissue segments obtained by 
freeze-shattering cotyledons and growing the segments on moist filter paper 
(Illingworth, 1968). Mroginski et al. (1981) and Pittman et al. (1983) were 
able to regenerate plants in vitro from 3- to Sday-old immature leaves. 

Isolation of protoplasts in peanuts was first obtained by Jullian (1970), 
who mechanically broke the cells. Verma and van Huystee (1971) observed 
that the cell suspension cultures were heterogenous in size and balanced 
growth was unlikely. They then developed a method to obtain large 
numbers of uniform cells in suspension. By using mannitol solutions of dif- 
fmmt molarity. Holden and Hildebrandt (1972) were able to obtain pro- 

* " * * - - 1 Pnllrlc and roots have 

subsequently been produced from single cells of peanuts (Yung-ru and Yu- 
Hung, 1978). 

In summary, callus and protoplast culture techniques could greatly 
facilitate introgression to A. hypogaea for producing both initial F, hybrids 
and for manipulating polyploid levels to recover 4Ochromosome hybrid 
derivatives. However, in Arachis the basic work to regenerate plants from 
single cells or callus is needed before techniques will .be useful as a plant 
breeding tool. 

2. Ovule and Embryo Culture 

In vitro culture of ovules or embryos has successfully been used to produce 
interspecific hybrids is many genera (Narayanaswami and Norstog, 1964; 
Raghavan, 1980; Collins et al., 1984). Numerous reviews have also been 
published describing media requirements and technical aspects of tissue 
preparation (North, 1976; Raghavan, 1977,1980; Williams et al., 1982; Collins 
et al., 1984). 

Embryo rescue in peanuts has had a long but sporadic history. Harvey and 
Schulz (1943) and then Nuchowiz (1955) initiated studies on regenerating 
peanut embryos. Martin (1970) regenerated peanut ovules only 0.3 mm in 
length to produce viable plants. However, in an attempt to duplicate Martin's 
results, Sastri et al. (1980), using the same media, could only produce callus, 
which became necrotic. Further, Johnson (1981) concluded that in vitro culture 
of small embryos required a two-step process in which ovules could be cultured 
until they became large enough to dissect embryos, and then embryos could be 
cultured to generate plants. Embryo culture in peanuts is difficult for some 
genotypes, while easy for others. Ziv and Zamski (1975) produced callus and 
mature seeds from pegs grown on the plant which were allowed to elongate into 
media until the pod enlarged and embryos reached the heart stage. They then 
cultured the heart stage embryo in vitro. Ziv and Sager (1984) further found that 
embryos would develop into young seedlings under red, blue, or far-red sub- 
saturated flux densities, but pod formation was inhibited. Moss et al. (1985) 
cultured 1- to 4-day-old peg tips of A. hypogaea and reported ovule growth in 
many of the cultures. 

Reports of rescuing interspecific hybrid embryos are less frequent than 
reports of in vitro culture of A. hypogaea. Bajaj et al. (1982) cultured 30-day- 
old F, embryos of A. hypogaea x A. villosa. However, this is a hybrid com- 
bination which can relatively easily be obtained without the aid of in vitro 
techniques. Bajaj (1984) reviewed the tissue culture literature and concluded 
that peanut self and hybrid embryos can be cultured in vitro, but application of 
techniques are yet to be realized. A series of media varying in auxins, 
cytokinins, and gibberellic acidproduced no significant breakthroughs in ovule 
culture (Sastri et al., 1982). Mallikarjuna and Sastri (1985b) and Stalker et al. 
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3985)  found genotypic differences for responses to gibberellic acid 
treatments to stimulate peg elongation in the interspecific crosses. Pod and 
seed development have further been stimulated by applying hormones to 
peg tissues 10 days after pollination (Sastri and Moss, 1982; Mallikarjuna 
and Sastri, 1985a). Although hybrid ovules have been stimulated to expand 
and shoots and roots to develop, fewer than five intersectional hybrids have 
been recovered (Sastri and Moss, 1982). A major obstacle to hybrid 
recovery is establishing cultured plants in the greenhouse. 

IX. SUCCESSES AND POTENTIALS FOR 
UTILIZING Arachis GERMPLASM 

Thousands of interspecific hybrids have been produced in many genera bet- 
ween wild species or between wild species and cultivars, but introgression of 
genes from wild species to genotypes with agronomic potential and subsequent 
cultivar release are rare. The major constraint to efficient utilization of in- 
terspecific hybrids is low fertility, which results in small populations and the in- 
ability to select desirable recombinants. Not only must the desirable genetic 
material be transferred into the cultivated genome, but yield and quality stan- 
dards must also be met before wild species can be utilized by the grower. 

Arachis monticola has been used for two cultivar releases. This situation is 
analagous to the use of A venasteralis L. for improvement of A. sativa L. prey, 
1976) or Hordeum spontaneum C. Kosch for improving H. vulgare L. 
(Rodgers, 1982), in which cases wild species which are completely cross- 
compatible with the cultigen were hybridized and selected. 

Reports of utilization of species germplasm from taxa in which the first 
generation hybrids are sterile are much more difficult to find in the literature 
(Stalker, 1980a). Whole genomes may be added to a cultivar (such as in the case 
of sugarcane), or, when haploidy techniques are available (such as in the 
Solanaceae genera Solanurn), diploids can readily be produced to select pro- 
genies with desired traits and tetraploids then be regenerated. However, few 
wild species in legume genera have been utilized for crop improvement. 

In peanut, Stalker et al. (1979) described a highlyvariable interspecific hybrid 
population derived from an A. hypogaea x A. cardemiicross which was self- 
ed for at least eight generations and hybrid derivatives having 40 chromosomes 
recovered. Selections were made from the population for C. arachidicola 
(Stalker, 1984), C. personatum (ICRISAT, 1984), and P. arachidis resistances 
(ICRISAT, 1984) and for resistance to several insects (Stalker and Campbell, 
1983). Several interspecific hybrid populations are in the Final stages of testing 
for release as general breeding materials, and some are already being used in 

-' -in= =mmms. Making selections for high yields is as important as 
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program has resulted in high-yielding lines from the same A. hypogaea x A. 
cardenasii population which have potential for cultivar release (Guok et a/., 
1986). Several of the lines are now being tested in advanced yield trials in 
North Carolina and Virginia. Lines with high yields and C. personatum and 
P. arachidis resistances are also being tested in the national Indian yield trial. 
Not only are seed yields high in these lines, but there is little defoliation mak- 
ing the vegetative material an extremely valuable source for cattle feed. 

Efforts to utilize species other than A. cardenasii are also being made to 
improve peanut production. Many fertile interspecific hybrid populations 
resulting from triploids or amphidiploids of Arachis species are currently 
being evaluated in several peanut breeding programs. Several of these 
hybrid derivatives have potential as cultivar releases. 

In most crop species many cultivars have been released which have 
disease and insect resistances. However, in peanut only the cultivar NC 6 
has been released for insect (southern corn rootworm) resistance (Wynne et 
al., 1977). In addition, several cultivar releases have been made for disease 
resistances, including NC 8C, selected for ~~lindrocladium black rot 
resistance (Wynne and Beute, 1983); Va 81B, selected for resistance to 
Sclerotina blight (Coffelt et a/., 1984); Southern Runner, resistant to late 
leafspot (Gorbet et al., 1986); and several rosette-resistant cultivars in 
Africa (Gillier, 1978). Obviously missing from this list are cultivars resistant 
to the important diseases caused by early leafspot (C. arachidicola) and 
peanut rust (P. arachidis). Further, cultivars used in the United States have 
been selected for rather narrow environments and only one genotype for 
each disease has been released. This is the result of several interrelated fac- 
tors. First, during the early days of peanut production relatively few 
diseases were economically important. In the United States, diseases have 
been controlled with chemicals, and there has been the common belief until 
recently that no variability was available in cultivated accessions. This last 
point concerning lack of variability resulted in large efforts by botanists, 
cytogeneticists, and plant breeders in cooperation with pathologists and en- 
tomologists to collect, evaluate, and attempt to utilize the wild species of the 
genus. In many other crop species the plant breeder has been responsible for 
acquiring, evaluating, and utilizing germplasm resources of related wild 
species along with those of the crop species. In Arachis, efforts have been 
more diversified, with teams of cytogeneticists working with plant breeders 
to identify and manipulate useful germplasm. Fortunately, many of the 
most important traits are found in species which are cross-compatible with 
the cultivated peanut. In the future, selection for leafspot and rust 
resistances have a high probability of making a significant contribution to 
peanut production, especially in tropical and semitropical areas where 
chemicals are infrequently used by the grower. 

Significant progress toward ,exploiting the variability in the genus Arachis 
is being made. However, the most productive pathway to obtain 
40-chromosome hybrid derivatives has not been determined, gnd perhaps 
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no one method will prove to be the best for all traits. Interspecific hybrid 
derivatives which are cross-compatible with A, hypogaea have been selected 
for fertility. Most desired traits in Arachis are multigenic and large popula- 
tions must be derived to utilize the germplasm resources. Like other crop 
species, hybridization and fertility restoration processes are not easily ac- 
complished, but significant progress is being made toward utilizing wild 
species of Arachis. 

X. CONCLUSIONS 

Utilization of wild species requires a collective effort by botanists, 
geneticists, cytogeneticists, and plant breeders.' In Arachis there exists a 
large reservoir of germplasm with agronomic potential in numerous taxa. A 
taxonomic treatment of the genus is urgently needed to avoid confusion and 
to open communication channels among scientists. However, efforts have 
been made to evaluate available accessions for the economically important 
disease and insect pests of peanuts. 

Arachis hypogaea is an allotetraploid species and will only hybridize with 
members of section Arachis. In this group are 15-20 species which have 
genomic similarities to the cultivated peanut. In addition, species accessions 
have been identified which are highly resistant to the most severe pests of 
cultivated peanuts. Utilization of these germplasm resources is hindered by 
sterility of interspecific hybrids due to ploidy and, to a lesser extent, 
genomic incompatibilities. Attempts to introgress genes conferring 
resistances to different diseases and insects have proceeded through direct 
hybridization and through ploidy manipulations. Traits can be transferred 
to the A. hypogaea genome using either pathway, but eliminating 
undesirable traits is a major problem which must be solved before growers 
will actually use the available germplasm. 

The methodology to utilize species outside section Arachis is proceeding 
in the area of embryo rescue and recovery of hybrids via growth regulator 
applications to reproductive structures. However, the cytogenetic 
similarities among genomes of taxa in different sections remain unclear. 
Because hybrid embryos can be obtained for wide crosses in the genus, 
specialized techniques such as protoplast fusion may be unnecessary to 
utilize the germplasm resources. Regardless, efforts to utilize distantly 
related species should only be conducted when desired traits are not found 
in the cultivated species or in species closely related to A. hypogaea. 

---l.m havp been used to create highly variable plant 
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crossing an unadapted A. hypogaea accession with a small-seeded diploid 
species. High yields were unexpected, but results of introgression greatly 
enhanced the potential exploitation of Arachis species germplasm. Perhaps 
the most valuable use of these hybrid derivatives will be in tropical and 
semitropical areas where chemicals are infrequently used, but even small in- 
creases in disease resistance will result in significant yield increases. In addi- 
tion, fodder production is an important consideration in many production 
areas outside the United States. Yield and disease trials are now being con- 
ducted with advanced breeding lines derived from wild diploid species of 
A rachis. 
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\ I. INTRODUCTION 

In terms of land use, gr 
productive than growing separately (Andrew and Kassam, 1976; 
Willey, 1979). Mixed crop s practiced traditionally in many parts of 
Africa, Asia, and Latin 
cereal-legume intercroppi 
warm climates such as Australia 
McCollum, 1982; Allen 
may be due to some of t 
cropping systems such a reater land use efficiency per 
unit land area, and im 
nitrogen by fixation a 
and Fayemi, 1972; Willey, 1979; Eaglesham 

It seems worthwhile to develop cropping syste 
maximize crop yields per unit land area while kee fertilizer nitrogen 
requirement to a minimum. The intercropping o 
fers scope for developing energy-efficient and 
(Papendick et al., 1976; IAEA, 1980). 

(1974) on mixed crop 
temperate and tropi 
and research needs of intercropping systems. The recent book 
cropping systems (Francis 1986) summarizes some of that wor 
develops some ne 


	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif

