Chapter 3

GENETICS OF ARACHIS HYPOGAEA L.

JOHNNY C. WYNNE AND TERRY A. COFFELT

Both discontinuous and continuous variation is observed in agronomically
important traits of the peanut (Arachis hypogaea L.). Most of these traits show
inheritance patterns indicative of nuclear control, but some traits have _been
found to exhibit cytoplasmic inheritance as well. Knowledge of the genetics of
traits is required for intelligent selection of the best breedipg schemes by the
plant breeder to attain the desired agronomic objective. This review summar-
izes recent research in peanut genetics and does not attempt to cover all the re-
search reviewed previously by Gregory et al. (1951), Seshadri (1962), Gillier
and Silvestre (1969), Hammons (1973a), and Shorter (1978).

The qualitative section is primarily restricted to traits for which a factorial
model of inheritance has been proposed. It is essentially an update of the excel-
lent review by Hammons (197 3a). o _

Although several reports of the genetics of quantitative traits have been
published since Hammons' (1973a) review, knowledge of the quantitative ge-
netics of the peanut is still limited. An attempt is made to present th_e quantit-
ative studies in terms of appropriate genetic theory and in relationship to plant
improvement. The few traits of peanuts shown to be under non-nuclear control
are also discussed.

GENETIC VARIABILITY

Although early literature contains reports to the contrary, there is consid_er-
able genetic variability in A. hypogaea. It is difficult to classify the ln.traspeaﬁc
variation of a self-pollinated crop species such as the peanut. The infrequent
cross-pollinations that occur give rise to intermediate types which confuse t.he
classification. A number of papers have been published since 1950 that clarify
the classification of A. hypogaea. o

Gregory et al. (1951) distinguished 3 groups ofpeaquts bas.ed primarily on
branching pattern: virginia, spanish, and valencia. This clasmﬁcaqon system
was unsatisfactory for the intermediate forms found in the Guarani region of
Paraguay and northeast Argentina (Krapovickas and Rigoni, ‘1 960). B‘m:l'tmg
(1955) named 2 basic types of branching as “alternative” and “sequential” and
suggested that the 2 branching pattern groups should be considered as subspe-
cies.

Krapovickas and Rigoni (1960) proposed the subdivision of A. bypogc{ezf L.
into 2 subspecies: A. hypogaea L. ssp: hypogaea and A. hypogaea ssp. Jastigiata
Waldron. Subspecies hypogaea has a central axis which never bears lnﬂoresct?n-
ces (Stockton-Petit, 1895) and has lateral branches in which 2 vegetative
branches alternate regularly with 2 inflorescences or repro_ducnve branches
(Bigi, 1950; Gregory et al., 1951; Bunting, 1955). The inflorescences are

|Nn

GENETICS OF ARACHIS HYPOGAEA L. 51

simple; seeds show dormancy and plants are late maturing. In general, plants
of subspecies hypogaea are prostrate but some erect cultivars are known. All the
cultivars of this subspecies disseminated in Africa, Asia and the USA have 2
and sometimes 3 seeds per fruit but there exist in Peru and Mexico some forms
with 4 seeds per fruit (Krapovickas and Rigoni, 1960).

A. hypogaea ssp. fastigiata is composed of plants that are always erect, with
inflorescences in the central axis and without a regular pattern in the sequence
of reproductive and vegetative branches. Inflorescences can be simple (var. fas-
tigiata) or compound (var. vulgaris). Fruits are concentrated around the central
axis; seeds do not show dormancy and the plants are early maturing.

Krapovickas (1968, 1973) further clarified the classification of peanuts and
also related the variability to 5 geographic regions: Guaranian, Bolivian, Peru-
vian, Amazonian and the region of Goids and Minas Gerais. Gregory and-
Gregory (1976) extended the number of regions to 6 to include the northeast
region of Brazil. The subspecific nomenclature was related to geographical re-
gions as follows (Gregory et al., 1980):

A. bypogaea

ssp. hypogaea
var. hypogaea - Bolivian, Amazonian
var. hirsuta - Peruvian
ssp. fastigiata Waldron
var. fastigiata - Guaranian, Goids and Minas Gerais, Peruvian,
northeast Brazil

var. vulgaris Harz-Guaranian, Goids and Minas Gerais, northeast
Brazil

The Bolivian region was identified as the center of origin of the cultivated
peanut, with the remaining regions as secondary centers of diversity (Figure

1).

Fig. 1. Fruit and seed types characteristic of gene centers of A, hypogaea L. Geographic
areas are (1) Guarani region (Paraguay-Parani); (2) Goids and Mina Gerais region
(Tocantins, Sio Francisco); (3) Rondonia and northwest Mato Grosso (south Ama- _

zon); (4) Bolivian region (southwest Amazon); (5) Peruvian region (upper Amazon
and west coast): and (6) northeasrern Reaxil
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Gibbons et al. (1972) classified the variability that had been introduced or
evolved in Africa during the last 5 centuries. They emphasized that each of the
botanical varieties of Krapovickas’ classification contained a large array of local
cultivars. Gibbons et al. (1972) suggested that the variation in the African col-
lection had arisen by hybridization and subsequent selection in Africa, making
it an important secondary center of variation of both the Guarani and Bolivian
peanuts of South America. Gregory et al. (1973) cautioned that additional ex-
ploration of the Bolivian center of origin is needed to resolve the relationship
between South American and African variability.

QUALITATIVE CHARACTERS

Hammons (1973a) reviewed the literature on qualitative inheritance in pea-
auts prior to 1973. Increasing evidence indicates that qualitatively inherited
traits are probably controlled by at least duplicate genes. This is largely due to
the alloploid nature of the peanut and tends to confirm the theory of 2 genomes
in A. hypogaea. Early reports of mono- and digenic models are as likely to be di-
, tri-, or tetragenic, but population sizes were too small to distinguish between
the simpler and more complex models. The number of genes may vary greatly
among the parental lines used in an inheritance study. Obviously fewer genes
will be detected to control a trait in closely related parents, while the number
of different genes or alleles found controlling a trait will increase among more
divergent parents. Cytoplasmic and/or maternal effects further complicate
qualitative inheritance studies. The phenotypic expression of nuclear genes
may be modified by the presence, absence, or interaction of different plas-
mons.

Plant Characters

Growth Habit. Growth habit has been studied extensively in peanuts.
There are at least 2 distinct growth habits, erect (bunch or upright) and spread-
ing (runner or trailing), and several intermediate forms. The spreading type
was found dominant to erect by Badami (1928), Hayes (1933), Patel et al.
(1936), Dalal (1962), Katayama and Nagatomo (1963), Tahir (1965), Coffelt
(1974), Resslar and Emery (1978), and Jadhav and Shinde (1979), but Hassan
and Srivastava (1966) concluded that erect was dominant to spreading. Balaiah
et al. (1977) concluded that virginia bunch (semi-spreading) was dominant to
both virginia runner (spreading) and spanish (erect). Ashri and coworkers
(Ashri, 1964, 1968b, 1976a,b; Ashri and Goldin, 1963; Ashri and Levy,
1976) feel that when 2 or more genes are involved with complementary action,
dominance applies to the allelic relationship and not to the trait.

Monofactorial control of growth habit was indicated in studies by Hassan
and Srivastava (1966), Shchori and Ashri (1970), Balaiah et al. (1977), Jadhav
and Shinde (1979), but others (Badami, 1928; Hayes, 1933; Patel et al.,
1936; Higgins, 1938; John et al., 1954; Dalal, 1962; Ashri and Goldin,
1963; Ashri, 1964, 1968b; Coffelt, 1974; Resslar and Emery, 1978) found bi-
factorial and crifactorial (Ashri, 1976Ga,b; Ashri and Levy, 1976) control. The
reported differences appear to depend upon the parental materials studied. In
some cases, cytoplasmic influence has been indicated (Husted, 1934; Ashri
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and Goldin, 1963; Katayama and Nagatomo, 1963; Ashri, 1964, 1968b,
1976a,b; Ashri and Levy, 1976; Resslar and Emery, 1978). Ashri and cowor-
kers (Ashri and Goldin, 1963; Ashri, 1964, 1968b, 1976a,b; Ashri and Levy,
1976) have proposed true plasmon inheritance of growth habit with at least 4
different plasmons involved. Resslar and Emery (1978), in repeating Ashri's
early work (Ashri and Goldin, 1963; Ashri, 1964, 1968b), found that plas-
mon differences did not persist past the F, generation in North Carolina.
Thus, Resslar and Emery (1978) proposed that maternal rather than cytoplas-
mic inheritance per se accounted for the reciprocal cross differences.

Several genotypes, parental phenotypes, and genetic models have been pro-
posed for growth habit (Table 1). The differences reported in these studies are
probably due to the natural variability that exists in the germplasm used.
Three chemically induced mutants affecting growth habit-open-habit-1 (¢4,),
open-habit-2 (0b,), and spherical (s5p) - were reported to be recessive and mono-
genically controlled (Shchori and Ashri, 1970). Levy and Ashri (1978) induced
chemical and radiation mutants in both nuclear and plasmon loci affecting
growth habit. Some mutants were heteroplasmic for growth habit and others
had chromosomal aberrations.

Halevy et al. (1969) found that spreading plants contained a higher concen-
tration of gibberellic acid antagonists and a particular gibberellic acid in-
hibitor not found in erect plants. Ziv et al. (1973) reported that the spreading
habit was light-induced, requiring blue plus far-red light of a certain mini-
mum intensity. Thus, the genic and cytoplasmic factors interact with light en-
vironments for the expression of growth habit. Therefore, differences in light
could alter growth habit expression. Coffelt (unpublished) could not explain
the genetic control of growth habit for plants grown in the greenhouse; how-
ever, when plants from the same crosses were grown in the field, a satisfactory
F, ratio was observed (Coffelt, 1974).

The intermediate types in segregating generations complicate the determi-
nation of the inheritance of growth habit. Except for Ashri, the intermediate
types have been classified as either erect or spreading. The misclassification of
these intermediates could easily explain differences in the proposed bifactorial
models. The genetic and environment interaction indicates that the experi-
mental conditions need to be consistent between experiments or carefully
monitoted to understand interactions between experiments.

Plant Type. Hull (1937) classified 3 plant types in crosses between spanish
and runner (virginia) types. He proposed that 2 duplicate loci controlled plant
type. The valencia type is a double recessive, vz, vz, va, va,; spanish, Va, Va,
va, va,; and runner (virginia), va, va, Va, Va,.

Branching Pattern. Branching pattern or the number and arrangement of
reproductive and vegetative branches serve as a basis for varietal classification
in peanuts (Gregory et al., 1973). Patel et al. (1936) reported branched (BB)
dominant to nonbrariched (46). Similar results have been obtained by Tahir
(1965), Patil and Mouli (1975a), and Balaiah et al. (1977), while Wynne
(1975) proposed quantitative inheritance. Patil and Mouli (1975a) suggested
that cytoplasmic factors may be present in a dwarf mutant that suppresses the
normally dominant branched condition.

Mouli and Patil (1976) found a radiation-induced mutant with suppressed
primary branches and no secondary or tertiary branches. They proposed that



Table 1. The genetic basis of growth habit inheritance in peanuts (Arachis bypogaea L.).
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the mutant was recessive to normal branching and monogenically inherited.
The gene symbols Bsp bsp were designated to represent suppressed branching.
They suggested that the use of the gene symbol B for both branching and bra-
chytic should be resolved. Since brachyrtic also reflects a form of reduced
branching, B could be used as a gene symbol for both, with the subscripts p
and s distinguishing the loci. Additional studies are needed to determine if
these genes are allelic.

Perry (1968), working with 2 radiation-induced mutants (vegetative and
reproductive) and 2 natural varieties, hypogaea (vegetative) and fastigiata (re-
productive), concluded from F, hybrid behavior that (1) the radiation-induced
reproductive form differed from the natural reproductive form, (2) the natural
vegetative form was dominant to the 3 other forms, (3) the locus controlling
the radiation-induced vegetative form was the same in 4 independent M, fami-
lies, and (4) at least some of the loci controlling the radiation-induced repro-
ductive form were the same in independent M, families.

, Ashri et al. (1977) isolated 3 chemically induced murants with reduced

! branching from the cultivar Congo. The presence of only 4 primary branches

l and no secondary or tertiary branches was due to a trisomic which was trans-

, mitted through either male or female gametes.

Main Stem Inflorescence. Hammons (1971) reported that the presence of
[ inflorescences in main stem leaf axils was controlled by 2 sets of duplicate loci

| designated J, -/, -K -K,, with epistasis between sets of loci. When both J loci

I or both K loci or all 4 loci are homozygous recessive, flowering in the main
?
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Author(s)
. (1936); Dalal (1962); Jadhav & Shinde (1979)

Ashri & Goldin (1963); Ashri (1964, 1968b); Resslar & Emery (1978)

Hassan & Srivastava ( 1966); Balaiah et al. (1977)

Ashri (1964, 1968b); Resslar & Emery (1978)
Balaiahetal. (1977)

Patel eral. (1936); Dalal (1962)

Ashri(1976a)

Ashri (1976a)

Ashri & Goldin (1963)
Ashri (1976a)

Ashri (1968b)

Ashri (1968b)

Shchori & Ashri (1970)
Coffele (1974)

Ashri & Levy (1976)

Hayes(1933)
Ashri (1976a)

= virginia.

F, ratio
3VaB:1SpB

=
Z =
L Wy
=
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3B:1OH
1IR:5B
1IR:5B
7R9B
JR:1B
3B:1R

I15R:1B
9R:7B
9R:7B
9R:7B
9R:7B
6R:7B
SR:11B
SR:11B
AllR
3R:1B

o
5
s

stem leaf axils occurs, giving an F, ratio of 225 vegetartive:31 reproductive
branches on the main stem. A range in the number of flowering axils was noted
on the main stems of the plants. This may be due to the presence of 2, 3, or 4
sets of homozygous recessive loci or to modifying factors (Coffelt, unpub-
lished). Wynne (1975) confirmed the model proposed by Hammons (197 1) in
a different set of intersubspecific crosses.

Plant Maturity. Both annual and perennial species of Arachis occur. Se-
shadri (1962) reported that perennial growth habit was dominant to the annual
growth habit.

Within the annual species, various durations of the growing season are re-
quired for maturity. The length of the growing season is important for produc-
tion in areas where environmental conditions such as rainfall and frost are lim-
iting. Badami (1923, 1928) reported earliness (¢) recessive to late (E). Howev-
er, Patel et al. (1936) and Hassan (1964) reported incomplete dominance and
assigned the symbols L, / for late and early maturity, respectively.

Dwarfism. Several dwarf mutants have been reported in peanuts. The most
common form of dwarfism is the sterile brachytic. They have significantly
shorter internodes, leaf rachises and petioles, and are sterile, They usually oc-
cur in the F, generation of intersubspecific crosses. Hull (1937) reported mo-
nogenic inheritance, while most other investigators (Hayes, 1933; Husted,
1934; Patel et al., 1936; Varisai Mohammad et al. , 1966; Balaiahetal., 1977)
have proposed a 15:1 ratio with 2 complementary factors. Ashri (1968a) found
o a third gene affecting the trait.

- Coffelt and Hammons (1972) proposed tetragenic inheritance with an F,
phenotypic ratio of 243 normal: 13 sterile brachyric plants. This ratio was con-
i firmed in the analysis of additional F, material (Coffelt and Hammons, 1973).

Phenotype*
Female x Male
SpBxVaB

BxR
BxR
RxB
RxB
BxB
BxB
BxB
BxB
BxB
BxB
BxB
RxR
BxR
OHxB
BxR
RxB
BxB
BxB
RxB
Intermediate, OH pen Habit, Sp = spanish and Va

hb, hb, x

Bunch, R = runner, I

[V Hb, Hb, Hb, Hb, x [V,] Hb, Hb, hb, hb,

5151 5;8,x85, 85,55,
hby hb, hbg hby x Hby Hby Hbg Hb,

[G] hb, hb, hb, hb, Hb, Hby x
[0] hb, hb, Hb, Hb, hby hb,

Hb, Hb, Hby Hb, x hb, hb, hbg hby
[0 hb, hb, Hb, Hb, hby hbs x

[0] Hb, Hb, hb, hb, x
[M,] Hb, Hb, Hb, Hb, hbs hb,

[G] hb, hb, hb, hb, Hby Hby x
[V41 Hb, Hb, hb, hb, hb, hby
[G] hb, hb, hb, hb, Hby Hby
[V,4] Hby Hb, hb; hb; hbs hby x
$15:5:5,x5,5,5,5;

[V,] Hb, Hb, Hb, Hb, x

[G] hb, hb, hb, hb, Hb, Hb,
[0] Hb, Hb, Hb, Hb,

Female x Male
5,5,5;5,x5,;5 5,5,
{0} hb, hb, Hb, Hb,
[V4 Hb, Hb, hb, hb, hby hby x
[V,] Hb, Hb, hb, hb,
[0] Hb, Hb, hb, hb, x
[V4] Hb, Hb, hb, hb,
{0} hb, hb, Hb, Hb, x
[V, Hb, Hb, Hb, Hb,
ohoh x OhOh
S15:525,%x5,5 5,8,

[V,] Hb, Hb,

‘B

Genotype
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Analysis of other reports (Hayes, 1933; Husted, 1934; Patel etal., 1936; Var-
isai Mohammad et al., 1966; Ashri, 1968a; Balaiah et al., 1977) for goodness-
of-fit to the 243:13 F, ratio indicated that the tetragenic model is more proba-
ble than the digenic model in most cases (Coffelt and Hammons, 1972).

Thus, sterile brachytic appears to be controlled by 4 unlinked loci. Gene
symbols Bs, bs,, Bs, bs,, Bss bs3, and Bs, bs, have been proposed to represent
the 2 sets of factors with complementary-duplicate action (Coffelt and Ham-
mons, 1972). They suggested the Bs gene symbol to replace the X, Y, and N
symbols proposed in earlier reports (Husted, 1934; Patel et al., 1936; Ashri,
1968a). B symbolizes the brachytic or dwarfing factor and the subscript s rep-
resents the sterile factor. Two or more dominant alleles, 1 each at any 2 loci, re-
sult in normal plants. The double recessive at any 3 or all 4 loci results in
brachytic plants. Coffelt and Hammons (1973) reported that sterile brachytic
was not associated with seed size, even though 40% more brachytics than ex-
pected were observed in the smaller seed size classes (<2.38 x 1.90 cm).

Patil and Mouli (1975a) reported on a fertile dwarf (Gujarat Dwarf) that
spontaneously mutated from the valencia cultivar, Kopergaon-3. Crosses be-
tween Gujarat Dwarf and Kopergaon-3 indicated monogenic control of plant
height with normal dominant to dwarf. However, in crosses of these 2 culti-
vars with other cultivars of normal height, they found that normal (%) x nor-
mal (3) and normal (@) x dwarf (8') crosses showed overdominance in the F,,
but dwarf (2) x normal (3) crosses exhibited no overdominance. They con-
cluded that a cytoplasmic modifier was present in the Gujarat Dwarf or possi-
bly more than 1 gene was involved in plant height determination and
suggested the gene symbols Dv dv to represent dwarfism in valencia types.

Pacil and Mouli (1977, 1978) isolated two X-ray-induced sterile dwarfs
from Spanish Improved. The first (Patil and Mouli, 1977) was associated with
asynaptic chromosome behavior. They proposed monogenic inheritance (Dasy
dasy) with an F, phenotypic ratio of 3 normal: 1 asynaptic dwarf. The second
(Patil and Mouli, 1978) mutant had normal-appearing leaflets at the 2 basal
nodes. However, subsequent leaflets and nodes were greatly reduced in size.
The mutant was designated “bunchy top.” Segregation indicated monogenic
inheritance (Dstu dstu).

Shchori and Ashri (1970) chemically induced 3 dwarf mutants: dwarf-1
(dw,), dwarf-2(dw,), and dwarf-3 (dws). The dwarfs were all recessive to nor-
mal plant height and appeared to be monogenically controlled although dwarf-
3 gave irregular segregations.

Ashri (1970a) reported a dominant chemically induced mutant with vari-
able penetrance and expressivity in the M, of Dixie Anak. Heterozygous plants
were extremely diminutive, dwarfed, and leafletless or intermediate or grew
initially as diminutive and then produced some normal branches. The muta-
tion was pleiotropic, also affecting the gibberellin levels in the plant. Diminu-
tive plants produced normal growth when sprayed with gibberellic acid. The
mutant allele is dominant with a lechal double recessive.

Nodulation. Gorbet and Burton (1979) reported the occurrence of non-
nodulating plants in the progeny of a cross between a Florida breeding line
487A-4-1-2 and PI 262090. Their field resules indicated that the nonnodula-
ting trait was probably not inherited as a simple recessive, since nodulated
progeny were obtained from selections classified as nonnodulated. The inheri-
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tance of this trait or the mode of action inhibiting the nodulation process has
not been reported.

Nigam et al. (1980) found nonnodulating plants from crosses of a rust-re-
sistant Peruvian cultivar, P1 259747, with 2 virginia cultivars, NC 17 and NC
Ac 2731. Segregation of the F, and F; generations of the cross of PI 259747
and NC 17 indicated that a pair of independent duplicate genes control nodu-
lation. The genetic constitution of the nonnodulating plants was inferred to be
nyny,nyn,.

Floral Characters

Flowers of A. hypogaea are aerial and papilionate. The color of the standard
petal ranges from white to yellow to orange to a deep burnt orange or amber
(Hammons, 1973a).

Corolla Color. Five distinct corolla colors have been reported by Hayes
(1933) and John et al. (1954). Most reports (Hayes, 1933; Patil, 1965; Bil-
que‘z.and Lecomte, 1969; Jadhav and Shinde, 1979) indicated the dark color
dominant to light, but Kumar and Joshi (1943) reported incomplete domi-
nanc.e,of orange to white. Kumar and Joshi (1943) reported that when Poona
White was crossed to Poona Local from which it was selected a monogenic F,
ratio of 1 orange:2 intermediate: 1 white was obtained. The F, was also inter-
mediate in color, indicating incomplete dominance or codominance of white
and orange. Paril (1965) and Jadhav and Shinde (1979), using Poona White in
crosses with yellow-flowered plants, reported F, ratios of 15 yellow:1 white,
indicating duplicate loci. Patil (1965) proposed the gene symbols Yy , yq ; and
Y4 2 ¥a 2 to represent the loci.

Bilquez and Lecomte (1969) also reported digenic inheritance for corolla
color.. However, they assigned the gene symbols Az to represent the control of
red pigment (anthocyanin) production and Yy to represent the control of yel-
low pigment (probably flavone) production. They assigned the genotypes
AAYY toSenegal 61-13, 42 Y'Y to Senegal 28-204, and aayy to Senegal 64-02,
a mutant isolated from Senegal 28-204 following radiation. Bilquez and
Lecomte (1969) explained a deficiency in the yy genotype as due to certation.
Hammons (1973a) proposed that a recessive suppressor was active, giving a
13:3 F, ratio for the cross Senegal 28-204 x Senegal 64-02. Healso suggested a
gégenic ratio of 39:13:9:3 for the cross between Senegal 61-13 and Senegal 64-

Standard Crescent. The standard petal of the peanut flower has a purple
crescent at the base from which purple lines radiate, ranging in intensity from
absence to prominence (Hammons, 1973a). Three expressions involving the
standard crescent have been studied: (1) presence vs. absence, (2) compact vs.
loose, and (3) bright vs. o color. '

Most reports have indicated purple crescent dominant to no crescent, with
duplicate genes involved (Srinivasalu and Loganathan, 1959; Varisai Moham-
mad et al., 1966; Srivastava, 1968). It was also noted that these factors were
clo§e!y related to those determining white testa and stem pigmentation

(Srinivasalu and Loganathan, 1959; Seshadri, 1962; Varisai Mohammadetal.,
1966; Srivastava, 1968). Srivastava (1968) proposed that the genes designated
by Higgins (1940) as D, 4, D, d, necessary for testa coloration also control the
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presence of the standard crescent, with D, D, responsible for its presence.
Srivastava (1968) felt that these factors were so critical for crescent formation
that they be renamed as “crescent factors.” However, Hammons (1973a) fele
that evidence supporting their role in testa coloration (Higgins, 19in; Ham-
mons, 1963; Yona, 1964; Harvey, 1967; Ashri, 1969) precluded this change.

Srivastava (1968) also classified crescents as absent, loose, or compact. A})-
sent x compact crosses gave an F, ratio of 11 compact:4 loose: 1 ab.sent, while
compact x loose crosses gave an F, ratio of 15 compact:1 loose. Th1§ was attri-
buted to a cumulative effect of duplicate factors. Thus, a second pair of nonal-
lelic factors appears to effect both testa color and the standard crescent. The
second set of alleles which affect pigmentation of stem, peg, and crescent may
be attributed to the duplicate factors R, r, R, r, proposed by Patel et al: (1936)
and corresponding to the F, f, F, f, factors of Higgins (1940). Srivastava
(1968) suggested designating these as pigment factors.

Srivastava (1968) also reported that variation in intensity of standard cres-
cent color is under genetic control. When loose x absent crescent was cros.sed,
the normal bright colored crescent of the F, segregated in a tetragenic ratio of
225 bright:15 feeble: 16 absent crescents in the F,, indicating that 2 sets of du-
plicate factors control bright crescent. . _

The control of 3 separate traits (standard crescent, stem pigmentation, and
testa color) by the same 2 sets of duplicate factors requires additional study to
determine if the same factors control all 3 traits. Some evidence for tight l}qk-
age of several factors was reported by Seshadri (1962). He reporte@ thac Philip-
pine White has the factor for crescent formation but not stem pigmentation,
and Nambiquara has stem pigmentation but not crescent formation.
Srinivasalu and Loganathan (1959) and Varisai Mohammad et al. (1966) also
reported variable relationships among pigmentation of stems, pegs, and seed
testa.

Fading Time. Critical studies of fading time of flowers in peanuts are lack-
ing. However, Hayes (1933) reported that early fading of flowers was dqmm-
ant to late fading, while Seshadri (1962) reported the F, and F, to be inter-
mediate in crosses between late fading (erect) and early fading (spreading)
types.

yp\(;:(’ing Petal Shape. Srivastava (1968) reported that boat shape was domin-

ant to broad or scoop shape of the wing petal, with monogenic control in cross-
es between the 2 types. A cross between 2 broadshaped parents producgd anF,
with chinned or projected shaped wing petals. The F, segregated 9 chmnegl:7
broad, indicating that 2 factors (b and w) that separately produce broad wing
complementary combine to produce chinned. _

Sterility. Coffelt and Hammons (1972) reviewed the literacure for reports of
sterility and found that most male-sterile plants were also female-sterile or un-
able to support embryo development. Hammons (1957-1972) has investi-
gated the genetic behavior of a female-sterile but male-fertile plant. Although
the trait is recessive, F, data indicate either mono- or trigenic inheritance, de-
pending upon the parents. ‘ '

Leaf Color. The subspecies hypogaea (virginia) and fastigiata (spanish-valen-
cia) normally differ in leaf color. Badami (1923) and Dalal (1962) l:el?orted t_he
dark green color of hypogaea dominant to the light green of fastigiata, with
monogenic inheritance. Badami (1923) proposed the gene symbols Gg, while
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Dalal (1962) proposed the gene symbols G, g,. In contrast, Patil (1966, 1969)
reported a radiation-induced mutant, darker green, to be recessive with dupli-
cate genes (Dr, dr| Dr, dr,). Balaiah et al. (1977) reported incomplete domi-
nance of leaf color with an F, ratio of 1 dark green:2 intermediate:1 light
green.

Albinism. Yellow to white chlorophyll-deficient seedlings which die be-
fore flowering occur frequently in intersubspecific crosses. Badami (1928)
suggested a trigenic model for inheritance of this character, wich dark green
the triplicate dominant and albino the triplicate recessive. Most others (Patel
et al., 1936; Hull, 1937; Katayama and Nagatomo, 1963; Patil, 1965;
Syakudo and Kawabata, 1965; Balaiah et al., 1977) report duplicate gene con-
trol with a 15:1F, ratio. Several gene symbols were proposed (Table 2). How-
ever, Coffelt and Hammons (1971) found that their dara were not compatible
with either digenic or trigenic models. They proposed a trigenic model with
duplicate loci controlling chlorophyll development epistatic to a third locus
conditioning a zygotic lethal giving an F, ratio of 60 green:3 albinos: 1 zygotic
lethal. Re-evaluation of other data (Patel et al., 1936; Hull, 1937; Katayama
and Nagatomo, 1963; Syakudo and Kawabata, 1965; Balaiah et al. , 1977) in-
dicated that they were not incompatible with the proposed trigenic model
(Coffelt and Hammons, 1971; Hammons, 1973a). Coffelc and Hammons
(1973) later confirmed the trigenic model with additional F, families. They
also found that albinism was associated with small seed size. They suggested
that the 2 most likely explanations were (1) that some metabolite necessary for
chlorophyll formation is present in mature seed and absent in immature seed,
thus the smaller sizes which are mostly immature seed have more albinos than
the larger, mostly mature seed; or (2) that since albinism represents deranged
seedling metabolism, a pleiotropic effect of genes controlling albinism could
be smaller seed size. Other possibilities proposed were linkage or the presence
of a small chromosomal deletion. Coffelt and Hammons (1973) pointed out
that breeders could eliminate several undesirable plants from selection nurser-
ies by sizing seed in the F, prior to planting. Conversely, geneticists could re-
cover a higher proportion of mutants from the smaller seed size classes. This
also appears to be true in induced mutants (Gregory et al., 1968).

Miryuta (1962) postulated a tetrasomic ratio of 1:35 for albinism. His
model requires a self-regulating system of selective pairing of homologous sis-
ter chromosomes. Present knowledge of cytogenetic behavior and inheritance
of other qualitative traits in peanuts rules out such preferential pairing (Ham-
mons, 1973a).

Other Chlorophyll Deficiencies. Other chlorophyll-deficient mutants
have been studied in peanuts in addition to albinism. Gillier and Silvestre
(1969) reported a dominant yellow leaf mutant, but did not propose a genetic
model for inheritance. Hammons (1973a) found a spontaneous recessive mu-
tant to a rusty-leaf phenotype, but has not proposed a genetic model for inheri-
tance.

Tripp (1968) reported monogenic inheritance of a naturally occurring vires-
cent mutant that could be maintained only in restricted light. Tai and cowork-
ers (1970, 1972, 1977) renamed the mutant krinkle lutescens and stud-
ied its relationship to other chlorophyll-deficient mutants (aureus, lutescens
0018, lutescens 0026, and virescent) and the dominant leaf mutant krinkle
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Table 2. The genetic basis of the inheritance of albinism in peanuts (Arachis bypogaea L.).

Genotypes® Phenotype F, ratio Author(s)
GG 8:8:%8:18:G2G; green x green 15 green: 1 albino Patel et al. (1936); Balaiah
l (IVa) Sp) etal. (1977)
L, L x| L,L, green x green 15 green: 1 albino Hull(1937)
(Sp) (Va)
L,L,L,L,x1,],L,L, green x green All green Hull(1937)
(Val) (Va)
L,L,L,L,xL L, 1,1, green x green Ali green Hull(1937)
(Val) Sp)
AAllxaall green x green 15 green: 1 albino Katayama & Nagatomo(1963)
Clpl, Clpl, clpl, clpl, x . '
clpl, clpl, Cipl, Cipl, green x green 15 green: 1 albino Patil (1965)
C,Cyc6,LLx¢,¢,C,C, green x green 60 green:3albino:  Coffelt & Hammons(1971,73)
1
Sp) (Va) 1 zygoric lechal

“‘Va = virginia, Sp = spanish and Val = valencia.

(Hammons, 1964). The aureus, lutescens, and krinkle' mutants were spon-
taneous, whereas the virescent (Patil, 1969) mutant was mdgced by radiation.
Aureus and lutescens mutants are each determined by duplicate homozygous
recessive loci, with duplicate dominant epistasis for normal green (Tai et al.,
1970, 1977). They proposed the gene symbols Au au, Au; au, for aureus and
Lu, luy Lu, lu, for lutescens. The F, plants were normal green in all crosses, a
result which was attributed to complementary gene action.

Patil (1966, 1969) reported monogenic control of virescent in crosses be-
tween the mutant virescent and Spanish Improved, darkgr green mutant, and
imparipinnate mutant. The studies by Shchori and As.hn (1970) and Tai et al.
(1977) confirm monogenic inheritance. However, Panl_( 1966, 1969) reported
a trigenic model when virescent was crossed with the induced mutant large-
ped, leading him to conclude that a second locus was present to control vires-
cent.

In crosses between aureus (##) and virescent (#), Tai et al. (1977) reported an
F, ratio of 675 green:225 v:45 au:15 v-au:64 seedling lethals. In crosses be-
tween lutescens (/#) and virescent (v), they reported an F, ratio of 45 green: 15'
v: 3 lu: 1 seedling lethal. In crosses between lutescens (/#) and aureus (an), Tai
et al. (1970) reported an F, ratio of 225 green:15 au:15 lu:1 seedling lethal.

Patil (1973) isolated persistent chlorophyll-deficient mutants in crosses be-
tween an X-ray-induced virescent (Patil, 1969) and the krml'cleleaf mutant
(Hammons, 1964) and in crosses between krinkle and Spanish Improved,
which he designated as chlorina (c/). The F, of both crosses segregated 15
green:1 cl, indicating duplicate loci with 1 pair of recessive alleles each frorn
krinkel and either Spanish Improved or virescent. The triple recessive vires-
cent-chlorina produced a seedling lethal. . . .

Genotypes for the mutants lutescens, aureus, virescent, krinkle, chlon_na,
krinkle-chlorina, darker green, imparipinnate, and large pod and the cultivar
Spanish Improved are given in Table 3. . .

Patil and Mouli (1975b) found a dominant mutant with variegated leaves
and standard petals in an irradiated populacion. They proposed that the mu-

hu ‘. .
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Table 3. Genotypes of chlorophyll-deficient mutants.

Mutant Genotype

Lutescens VVAu, Au; Auy Au, lu, lu,
luplu, L L, L, L,

Aureus VVau, au, 2u;au, Ly, Lu,
Lu; Ly, L, L, 1,1,
Virescent Wi W W Wov, v vy
v2Au; Auj Auy Au, lu,
lu, Ly, Lu, 1, 1, L, 1,
kekecl, el, Cl,Cl, Dr,
DzyDr; Dr, Imp, Imp,
Krinkle VVCl, Cl, clycl, KeKe
Spanish Improved VVl, cl, Q1, Cl, keke
Chlorina VVel, cl, clycl, keke
Krinkle-Chlorina VVel, el clycl, KeKr
Darker green V,V,dr,dr,dr,dr,
Imparipinnate V,V,imp, imp,
Large pod ViV V,V, W, W wyw,

tant was allelic to the recessive virescent mutant (») and suggested the gene
symbol V,,. The mutant was not pollen-transmissible and not plasmon-con-
trolled. Therefore, they proposed that another mutation occurred simultane-
ously in a closely linked gametophyte factor which prevented pollen transmis-
sionof V..

Shchori and Ashri (1970) reported recessive, monogenic inheritance of a
chemically induced mutant, xanthamaculata (Xm) which has leaves speckled
with yellow spots. Patil (1966, 1969) reported that the radiation-induced mu-
tants xantha and albina were inherited as recessive lethals.

Physiological Relationships. Tai and Todd (1972) reported the concen-
trations of chlorophylls a and b, neoxanthin, violaxanthin, lutein, and caro-
tenes in normal and mutant (aureus, krinkle lutescens, lutescens 0018, and lu-
tescens 0026) plants. Carotenoids, especially xanthophylls, were greatly re-
duced in the lutescens mutants. Aureus did not retain chlorophyll as long as
normal plants, while lutescens failed to accumulate the chlorophylls (espec-
ially b) to normal levels. The F, plants from crosses between normal and lures-
cens plants and between aureus and lutescens plants appeared normal both
phenotypically and chemically. The chlorophyll a to b ratio in all lutescens
mutants and aureus mutants was approximately twice the ratio of normal
plants. From these results, Tai and Todd (1972) concluded that the aureus and
lutescens mutants belong to Wettstein’s second group of chlorophyll-deficient
mutants, i.e., the mutants develop a normal chloroplast structure that is de-
stroyed secondarily.

Benedict and Ketring (1972) and Benedict et al. (1974) reported the physi-
ological effects of the induced mutant virescent. They concluded that the nu-
clear gene affects the early stages of plastid development, coding for the regula-
tion of the synthesis of a cytoplasmic component that is essential for the devel-
opment of mesophyll cells and plastids. Some of the pleiotropic effects are
slower development of fructose-1.6-diP,NADP-glyceraldehyde-3-P-dehy-
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drogenase, and NAD-malate dehydrogenase. Dark respiration, leaf expansion,
enzyme activity in the reductive pentose phosphate pathway, plastid fine
structure, soluble proteins, and rate of chloroplast development were also low-
er. They found these effects could be negated by placing plants in continuous
darkness for 72-96 hours before being exposed to light. They proposed that al-
though the chloroplast is a semi-autonomous organelle, nuclear gene control of
chloroplast differentiation may not be independent of cellular growth.

The reports by Benedict and Ketring (1972), Tai and Todd (1972), and
Benedict et al. (1974) with chlorophyll-deficient mutants, Yona (1964) and
Halevy and Ashri (1971) with testa color, and Halevy et al. (1969) with
growth habir are the only studies which have related the effect of genes to the
physiology of peanuts. An understanding of the physiological pathways and
their corresponding genetic control mechanisms may be helpful for future im-
provements in peanut breeding and ultimately peanut production.

Leaf Shape. Hayes (1933) reported valencia leaf shape recessive to Sine cul-
tivars leaf shape. Hassan (1964) concluded chat elliptical shape was recessive to
elliptical-oblong shape. Badami (1928) noted that the F; was intermediate in
leaf size and a wide range of sizes occurred in the F,. These reports suggest that
the inheritance of the normal leaf sizes observed in the subspecies is complex
and may be quantitatively controlled. However, several natural and induced
mutants have been found which indicate that qualitative inheritance is also in-
volved in the control of leaf size.

Balaiah et al. (1977) studied the mutant Gujarat narrow leaf. Narrow leaf
was conditioned by a single gene dominant to normal leaf size. Kansara (1967)
and Matlock et al. (1970) reported partial dominance of narrow leaf mutants,
with monogenic inheritance. Matlock et al. (1970) proposed the gene symbols
N/ nl to represent narrow leaf. Coffelt (unpublished) has also observed domi-
nance or at least partial dominance of the Gujarat narrow leaf trait; however, F,
segregation patterns were inconsistent with 2 monogenic model.

Hayes (1933) reported a krinkled leaf mutant recessive to normal leaf, while
Hammons (1964) found a dominant krinkle leaf mutant. Hammons (1964)
proposed monogenic inheritance and the gene symbols Kr &r for the krinkle
leaf mutant.

Srivastava (1970) reported a monogenic dominant mottled leaf mutant
which also resulted in reduced yield and plant size.

Bhide and Desale (1970) studied a spear-shaped small leaflet mutant isolat-
ed from Kopergaon- 1, with reduced internodal and calyx tube lengths. Back-
crossing of the true-breeding murant to the Kopergaon-1 parent indicated re-
cessive, monogenic inheritance. Ashri (1970b) also found a small leaflet mu-
tant. He concluded that inheritance was controlled by 2 duplicate genes,
which he designated as 5/, s/, and S/, 5/5.

Hammons (1953) described a radiation-induced change in leaflet shape
called cup. It is characterized by ventrally involute leaflets, reduced plant and
pod size, and sinuous succulent stems which snap under slight tension. It is
controlled by a single recessive gene (cx cx) which has pleiotropic action.

Loesch (1961) and Loesch and Hammons (1968) reported the inheritance of
5 recessive radiation-induced mutants. The mutants flop, ilex, and ilexs, were
monogenically inherited, while the mutants hedera and corduroy were con-
trolled by duplicate factors.
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Branch and Hammons (1981) reported a second gene for the flop trait. In in-
tersubspecific crosses berween the mutant flop and normal leaf parents, they
found digenic inheritance and an F, phenotypic ratio of 15 normal: 1 flop. The
gene symbols F/, f1, FI, fI, were proposed.

Other Foliage Characteristics: Bilquez et al. (1965) found an apetiolated
leaf mutant that was inherited as a monogenic recessive. Hayes (1933) pro-
posed that red color of leaf vein was dominant to the absence of color.

Balaiah et al. (1977) studied the inheritance of stomata number in crosses
between Gujarat narrow leaf mutant and 4 spanish cultivars. Low stomate
number (<55/mm?) was recessive to high stomate number (>55/mm?). Mo-
nogenic inheritance was observed in the cross with J-11, while digenic inherit-
ance was observed in the crosses with AK12-24, $206, and TMV7. The fol-
lowing genotypes were proposed:

Gujarat narrow leaf: /s, Is; /s, Is,

J-11: Lsy Lsy Is, s,

AK12-24, $206, TMV7: Ly, Ls, Ls, Ls,

Reports of drought resistance in the Gujarat narrow leaf mutant may be due to
the reduced stomate number (<55/mm?) and not to leaf shape per se.

Mouli and Patil (1975) found a modified stipule shape in an irradiated
population. Normal stipules are sickle-shaped and adnate. The mutant formed
foliaceous stipules in the first 3 formed leaves and occasionally the fourth.
_Crossgs with Trombay groundnuts (TG-3, 6, 8, and 9) indicated that paternal
inheritance was involved. They proposed monogenic inheritance in the cross
with TG-8 and an F, phenotypic ratio of 1:1. Digenic inheritance was ob-
served in the crosses with TG3, TG6, and TG9 with an F, phenotypic ratio of
12:4. The murant behaved as a recessive in all F, generations. Nagarajan and
Aiyadurai (1958) reported the occurrence of a tricotyledonary mutante, but did
not report a genetic model.

Stem Pigmentation. Reports by Badami (1928), Hayes (1933), Patel
(19306), Patil (1965), Prasad and Srivastava (1967), Bal:iah( et 33)61973)62?13

Jadbav and Shinde (1979) indicated that dark or purple stem color is dominant
to light or green stem color, but Culp et al. (1968) reported incomplete domi-
nance. Monogenic inheritance has been reported in most studies with an F
phenotypic ratio of 3 dark:1 lighe (Hayes, 1933; Pacil, 1965; Balaiah et al.2
1977;J_adhav and Shinde, 1979). But 3 studies have indicated digenic inherit:
ance with either a 9:7 F, racio (Patil, 1965; Prasad and Srivastava, 1967) or a
15: 1 F; ratio (Patel et al., 1936). Patel etal. (1936) proposed that the genes R
and R, controlling rose seed coat color also controlled stem pigmentation. F’ac1
il (1965) proposed the gene symbols Pst pst Pstl pst! for stem pigmentation.

Stem Pubescence. Stem pubescence has been reported as either dominant
(Badami, 1928; Patil, 1965; Jadhav and Shinde, 1979) or incompletely dom-
inant (Patel et al., 1936; Balaiah et al., 1977) to the absence of pubescence.
Monogenic F, ratios of 3:1 or 1:2:1 have been suggested, depending upon
whether complete or incomplete dominance was proposed. Patel et al. (1936)
proposed the gene symbols HH and bb for hairy and sparsely hairy, respective-
ly. Patil (1965) proposed the gene symbols Hs# for hairy. Patil (1965) also re-

ported that the gene for stem pubescence was linked to the gene R for reticu-
lated pod, with a crossover value of 31.5%.
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Pod and Seed Characters

Pod (shell) and seed testa are both maternal tissues in peanuts. Thu(sj, II;‘l 22:
bryos are surrounded by the maternal parent type pod and testa, and Fp e
bryos by the F, pod and testa. The first genetic work on peanurbs was lnltlaork
by van der Stok (1910) who studied pod size and testa color. Subsequent wor
has shown these to be among the most complexly inherited characteristics in

ammons, 1973a). _ '
pe?(;lc;sf(yf_zle. All reports (van der Stok, 1910; _Badamn_, 1928; Han;m, (}9-64,
Balaiah et al., 1977) have indicated large pod size dommgnt to sma Bp? | slllze.t
Badami (1928) suggested that 3 factors conrrplled pod size, while Balaia fe3
al. (1977) reported monogenic inheritance with a good.ﬁt_to an F, ratio 0
large: 1 small pods. Other reports have suggested quantitative mhertx_tange. )

Pod Constriction. Contrasting reports occur on the inheritance Of' pod con
striction. Badami (1928) and Hassan (1964) p::oposed the absercllceho %Of ct(;n;
striction was dominant to its presence. Badami (1928) propos;: that 2 fac é_
were involved, while Hassan (1964) suggested a trigenic complementary ?oh
el. Badami (1928) classified 4 groups bzltsed on depth of constriction w(';t tFe
cylindrical type being the double dominant. Hassan‘(1964) propzse an F,
phenotypic ratio of 45:19. He assumed that A is a basic gene for 1:;10 cgnstn;-
tion with B and C being complementary to {1, but not to each otk el:.B ccgr ;
ingly, shallow constriction appears wlhen A is present together vgt ;; h(:-i
both. Unpublished data of Mauboussin (Gillier and Silvestre, 19d 9)and Asl
(Coffelt and Hammons, 1974db) indigatf:d the presence of pod constriction

inant to the absence of pod constriction. o
dm(?cl)?fzit and Hammons ( 19P74b) also reported that pod constriction was dolr)n—
inant to the absence of pod constriction. Working with rec19roc§l crﬁsses e-
tween Argentine (unconstricted) and Early anner (constricted), they pro-
posed F, ratios of 27 constricted: 37 unconsmcrec} pods when Argemlmi{ was
the female parent and 54 constricted: 10 unconstrlctefi pods when Elatr y Lcllnl-
ner was the female parent. They suggested that 3 unifnked nuclear oc1cz!1_n'
cytoplasmic factor interact with complementary duplicate action to con mog
pod constriction. The gene symbols Pc, pey, Pe; ey, and Pr; pec; were p_roposel
to represent the nuclear genes and Az the cytoplasmic factor. One domm.an_t al-
lele at each of any 3 of the 4 loci conditions the presence of pod constriction.
The Argentine cytoplasmic factor was recessive, while the Early Runne(;' Eyt(l)-
plasmic factor was dominant. The genotypic formulae for Argentine an : aj\y
Runner were reported as pcy pc, pe; pe; ey pes a and Pc, Pc) Pe, Pe, Pey rgroi
respectively. Other nuclear and cytoplasmic factors may be present to con
the depth of constriction (Coffelt and Hammons, 1974b). I
Other Pod Characteristics. Seshad.rl (1962) r_eporrec? that ”:j adami’s
(1928) material thin pericarp was dom:pant to thick pericarp and was cog—
trolled by 5 factors. He also stated that thin pericarp was lm_ked t_oEIgmy seed,
but neither linkage values nor the method used to determine linkage was re-
poflszg.and Norden (1972) studied the inheritance ofpngEL;gezcelncge mdczos;i:s
omentose (very hairy) lines (F458-4-9-2 an -4-1-9 and 4 gla-
Ll;i;:,:T?nist(ka 16-2-8-1, %"43 1A-13-1-4, GALl 19—.'_20, ancll PI 279956). t;lll F(i
pods were romentose. The F, pods from crosses involving F416-2-8-1 an
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F413A-13-1-4 segregated in a ratio of 5 tomentose:6 pubescent:4 puberu-
lent:1 glabrous, while those from crosses involving GA119-20 segregated ina
ratio of 5 tomentose:6 pubescent:5 glabrous. Crosses involving PI 279956 did
not segregate into ratios that fit simple genetic models. From these results and
the data from the F; generation, they postulated that pod pubescence was de-
termined by 2 loci with additive gene action.

All reports (Badami, 1928; Patil, 1965; Mauboussin from Gillier and Sil-
vestre, 1969; Jadhav and Shinde, 1979) have indicated that prominent or deep
pod reticulation is dominant to shallow pod reticulation. Three studies (Patil,
1965; Mauboussin from Gillier and Silvestre, 1969; Jadhav and Shinde, 1979)
with at least 1 parent in common (Poona White) have suggested monogenic in-
heritance, with an F, phenotypic ratio of 3 deeply reticulated pods: 1 shallow
reticulated pod. Paril (1965) proposed the gene symbol Rp 7p. In contrast,
Badami (1928) reported that at least 4 factors were involved.

Balaiah et al. (1977) proposed that the nonbeaked pod type was dominant to
the beaked pod type. A monogenic F, ratio of 3 nonbeaked: 1 beaked pod was
observed. '

Most researchers (Badami, 1928; Tahir, 1965; Balaiah etal., 1977) have in-
dicated that 3 or more seeds per pod is dominant to fewer than 3 seeds per pod.
However, Seshadri (1962) reported that fewer than 3 seeds per pod was domin-
ant to 3 or more seeds per pod. Balaiah et al. (1977) proposed monogenic con-
trol, while Badami (1928) reported that 3 factors were involved.

Garet (1976) found shelling percentages to be quantitatively inherited. In
contrast, Martin (1967) reported shelling percentage to be controlled by 1 pair
of genes without dominance.

Seed Size and Shape. Hassan ( 1964) and Balaiah et al. (1977) reported
large seed size dominant to small seed size. Balaiah et al. (1977) proposed
monogenic control with an F, phenotypic ratio of 3:1. They also observed
transgressive segregation and suggested the existence of an important complex
of modifier genes. Martin (1967) reported 5 pairs of genes control seed size
with 4 pairs having isodirectional effects.

Hayes (1933) and Balaiah et al. (1977) reported long seed shape dominant
to shore or round. Hayes (1933) proposed bigenic control with an F, ratio of 15
long:1 short, while Balaiah et al. (1977) proposed monogenic control with an
F, ratio of 3 long:1 short. In contrast, Hull (1937) concluded that length was
controlled by the maternal parent rather than by the embryo genotype.

Seed Dormancy. Seed dormancy is an inherent property of the peanut seed
and is not related to the properties of the seed coat (Hammons, 1973a). Stokes
and Hull (1930) reported that dormancy was incompletely dominant. Later,
Hull (1937) proposed multigenic control since he observed a normal frequency
distribution. However, 4 crosses had marked transgressive segregation over
the dominant parent. In contrast, Lin and Lin (1971) reported monogenic be-
havior in the F, and F, generations. They proposed the gene symbol Dd for
seed dormancy.

Rough Testa. Tripp (1968) proposed that rough or reticulated testa was

controlled by duplicate genes with recessive epistasis. He observed an F, phe-
notypic ratio of 9 rough:7 smooth testa.

Testa Color. Testa color has been extensively studied in peanuts since van
der Stok reported on testa color in 1910. Testa color can range from white toa
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appears almost black. Five classes of testa color are readily dis-
?ifgpulijsul:é)cie—tgztitepﬁan, red, purple, and wine. Environmental facrl:{)nrs ar}éi ma-
turity can influence the intensity of each color. {‘\t least 3 loci have been i emﬁ—
fied for determining testa color. Their interaction with each other lnél:(;:ntr?l 3
ing testa color has led to reports of several phenotypes, genotypes, and I, phe
i i able 4). .
no?lli)gifg{:;l(o 159(;11.0) prop)osed that pigment production is governed by dup.llt_'ilite
genes D, d, D, d,, and that the testa color flesh (rose, pink, russet or tal.']l) 1}:1 s.o
governed by duplicate genes F, f, F, f,. The latter are equwal_entdtodt 13 dI s
R, r; genes proposed by Patel et al. (1936). The double recessive d, d, c_zh 5 1;
epistatic to the F loci and results in white testa. One dominant allele at eit Tr
locus plus 1 dominant allele at eicher D locus CDndlltlonS flesh testa C;O 0[1;-)
These loci also may interact with genes for red (R ), wine (W#), and purple
testa colors. These results were confirmed by ‘Hammons (1963), Harvey
(1967), Prasad and Srivastava (1967), and Balaiah et ql. (1977).5{0}:&%;,
Hammons (1973a) proposed that although abL_m_dant evidence esta 1sd es ; e
necessity of D for color and F for red testa, additional research is needed to de-
ine if both are duplicate genes. _
te['rlflli::l‘i’elationship of fhe loci ioveming purple testa color (P) with the F at:idFR
loci is not clear. Patel et al. (1936) repqrted complete dominance of P a?;] 2
ratios indicating digenic epistatic inheritance (12 purple:3 red:1 rose) f;n tn(;
genic inheritance (45 purple:15 rose:4 white). In contrast, Krapovic alsan
Rigoni (1952), Harvey (1967), and Srivastava (1968) reported that purp edwali
incompletely dominant to flesh. Krapovickals and'R1g0m ( 19? 2) felt that 1:“1
purple was determined by at least 2 gene pa:rs_WLth cumulartive effects, w lle
Harvey (1967) found that although the R loci were not necessary for purple

Table 4. The genetic basis of testa color inheritance in peanuts (Arachis hypogaea L). Gene-
tic symbols and F, ratios reported by the authors cited.*.

Genotypes Parental phenotypes® F, ratio® Author(s)
i : ran der Stok (1910)
Red x light red 3:1 van der
' Red x rosy (brown) 31 Badami (1928)
e Brick red x light tan 3:1 Stokes & Hull (193
o 31 Hayes (1933)
-x- Red x tan ey N
-:- Brick red x russet 3:1 Paus;eml o s
pRAR,R,xprdR | R, Red x rose 311 Pacel ecal.
PrdR Ryxprd Ry R, llil.ar;::l::cquse iSl
R drr, ose x white i1 .
]})7'1"31 RIRl Rz’:c[;{'d :—: :-2 Purple x white 45P; lﬁRs.d\V"
pRd Rll Rz,xprd e Red x white f:z;{:;;RlsI::(W "
: 2P:3R:1Rs
. Rucecxtun 31 Hull (1937)
-Fx ;‘ xff, Flesh x whire ;;F‘;:W Eilgglns[l&?-l())
152 ;
F,F Red x flesh i g
i:lg";rdlxiﬁ f,D,D, White x white 675R:225F: 124W
RE.Fsd,daxrFy F; D, D, White x flesh BREAW
AEEAGRAEDE, Wb s :
REF,F i d . )
::lrﬁdldzx e Flesh x creme ?;Zl . ‘I‘lu:ﬁ’( 1942)
Dark lilac x creme ~ o ' ]
:’Fx; D,D,xrf,f,D,D, Pink x white 15pk: 1W . ll:iammons Eligg;}?Z)
RE.ED,D;xRF, Fad, ds White x white 225R:31W anmions
1
Rf, f,D,D,xrF F,D, D, Whi(cxﬁcs?a fiSR:I?F:‘lW
Rf,f,D,D,xrF F,d,d; White x white All white
rF1F2,d,1d2::r!, l'lzDIDz White x white 22;[‘1%5\)0’ 2
r[:l F,d,d;xrF,F,D,D, White x flesh 15 A Haemmons (1964
rf,lszlszrFl F,D,D, White x flesh 1?:-{1.]: b
RF,F,D,D;xrF,F,D,D; Red x flesh 3R:
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Table 4 (Continued)
Genotypes Parental phenotypes® F, ratio® Author(s)
RF,F,d;d;xrF,F,D, D, White x flesh 45R:15F:4W "
Rkrxrkr Red xlight rose 3:1 Patil (1965)
Rk, Rk, xrk, rk, Le. rose x white 15:1 u
Rk, Rk, x () Lerose x purple 45P:19 “
Rdryr;xrd Ry R, White x rose 45R:15Rs:4\W Varisai Muhammad
etal. (1966)

rF Fad dyxcf D, D, White x white 225F:31W Harvey (1967)
RF,F,d,d,xRf,,D, D, White x white 225R:31W -
Rf ,D,D,xRF,F,D, D, White x red I5R:1W 4
rF,F,d,d;xRF,F,D, D, White x red 45R:15F:4W “
tf, 5D, D, xcF, F,D,d, White x flesh 15F:1W "
tFiF,D,d,xRfi D, D, Flesh x white 45R:15F:4 W “
rFiF,D,d,xrF F,d, d, Flesh x white 3F:1W e
RF,F,D,D,xrF,F,D,d, Red x flesh 3R:1F -
PrF,F,D,D,xpRF,F,D,D, Purple x red 12P:3R:1F =
PrFyF,D,D;xprF, F,D, D, Purple x flesh 3P:1F g
tF F,wDDyxrF,F,Wd, d, Wine x white 45F:15Wn:4W "
rF\F, WD, d,xcF, F,wD, D, Flesh x wine 3F;1Wn -
P, PR Ryxp,po R\ R, Purple x rose 15P:1Rs Prasad & Srivastava (1967)
PiP2R Raxpyparyr, Rose x It. rose 15Rs:1 "
PiP2R Roxpyporo, Purple x It. rose 255:1 "
.- Red x rose 13R:3Rs Srivastava (1968)
-x- White x red 39R:9Rs: 16W "
-X- Rose x red 3Rs:1R "
-x- Rose x purple 1P:2:1Rs =
-x- Purple x white 105:45:30:45:15:16 *
RTd,d,x- White x red 9R:3Rs:4W -
RTd,d,xRTD, D, White x red HRAW/RAW -
-X- Purple (P/V) x red (NV) 36:12:9:3:3:1 "
-x- Rose (NV)x R/V 3:1:2:1 =
X~ Red x tan 1R:2Pk:1T Gibbons (Hammons, 1973)
nr-D; D, xRy R,
F,F,d,d, R/V x white 15 color: 1W Ashri (1969)
nRyxRr, Flesh x R/W 13R:3F Ashri (1970¢)
rpvxr, V R x R"W 1:2:1 Branch&Hammuns(lQ??)
Rovxryv PKxR 1:2:1 Branch & Hammons (1980)
Rovxr,V PK x R/W 1:2:1:2:4:2:1:2:1 Branch & Hammons (1980)

*T'able reproduced in part from Hammons (1973a) with author’s permission.

*Abbreviations for F, ratios and parental phenotypes are: F =
= pink, R = red, Rs = rose, T

flesh, P = purple, Pk
= tan, W =white, Wn= wine, R/'W = red-and-white

variegated, W/R = white-and-red variegated, P/V = purple variegated, NV = nonvar-
iegated solid or self-color and R/V = red variegated.

testa color, they did modify the color. In crossing purple and white testa-col-
ored cultivars, Srivastava (1968) observed a greyish red testa color in the F ;and
an F, phenotypic ratio of 105 greyish red:45 deep purple:30 light purple:45
deep red: 15 rose:16 white. He proposed that purple testa color was not ex-
pressed when either the red or rose factors were heterozygous.

The inheritance of red testa color is also more complex than originally pro-
posed. Most reports (Patel et al., 1936; Higgins, 1940; Hammons, 1963;
Harvey, 1967; Srivastava, 1968, 1973; Jadhav and Shinde, 1979) indicate red
dominant to flesh (pink or rose), with the factor for red testa interacting with
the F loci to produce red testa. However, Krapovickas and Rigoni (1950) re-
ported the occurrence of red testa in the F, and F; of crosses between 2 flesh
(pink or rose) testa-colored lines. They suspected an epistatic factor in 1 of the
flesh testa lines (Guaycuru) for red inhibition. Furthermore, Srivastava (1968,
1972) observed that flesh (rose) was dominant to red in 1 cross with monogenic
inheritance. Ashri ( 1969, 1970c) observed similar results for inheritance of the

red portion of the testa of a variegated seed coat. The red testa parent used by
SriVﬂ.‘irﬂVﬂ (1068 1077\ wac ealarrad Cemen n wrneinmnend cncea Pae 0.0 s
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(1968, 1972) also proposed that a single factor T controlled flesh (rose) testa
color instead of 2 factors (F, F,) and was not necessary for the expression of red
or purple testa color. In another study, Yona (1964) suggested that {{’ was par-
tially dominant to r in some crosses. Branch and Hammons (1980) also r.epm;-
ed incomplete dominance of red testa in crosses of 9 flesh-colored lines with the
red testa-colored line, Makulu Red. Itis eviclr_:nt from these studies that at leagt
2 loci (R, r, R, 1) are involved in controlling red testa. The first (R, ;) is
dominant to flesh and interacts with the F alleles. The second (R r5) is reces-
sive to flesh and does not interact with the F alleles. It is not clear how these lo-
ci interact with each other and the other loci comn:ollmg testa color_,
Harvey (1967) investigated the inheritance of wine testa color which he des-
ignated Wiw. Wine testa color is apparently a double recessive which is inde-
pendent of alleles at the F locus, but not the D locus. .
Yona (1964) postulated that the precursor controlled by the D locus is
chromogene, whose conversion to tannin is controlled by the F locus. The pig-
ment phlobophene produces the flesh (pink, rose) testa color, and R p[‘OduCeSS
rose pigment that does not dissolve in ethanol. Yona (1964) further postulates
that in the presence of P, the activity of some of the other controlling genes is
altered or its products converted to other pigments. Halevy and Ashri (1%7. 1)
isolated 2 pigments from the cultivar Congo, 2 cyanidin and a pelargonidin.
They also isolated 3 pigments from the cultivar Pearl Blacl-:,.2 of which were
cyanidins and 1 of which was peonidin. Glucose was founcli in all of the pig-
ments. Further research is needed for complete understanding of the genetics
igment biosynthesis. _
o l]‘E\?Is:)t::r.if)ic‘lgem:e for lin{mge was reported among the 7 }oci for testa color studied
by Hammons (1963) and Harvey (1967) or with krinkle (Hammons, 1964).
Patel et al. (1936) proposed that the factors for rose-colored testa also produced
m color. .
pu?if—isetgeated Testa. Variegated resta in peanuts has been repoFted as belqg
due to splitting or rupturing of the outer epidermis caused by a disharmony 13
growth rates of seed coat and the embryo (Stokes and Hull, 193.0', Ashri an
Yona, 1965) and to inhibition of full development of the outer epidermal layer
of the testa in certain regions (Branch and Ha.mmons, 197"9). Br;nch a‘nd
Hammons (1979) proposed that since the testa is m_ater'nal tissue, dlsruptlye
growth of the outer testa and not the inner cell layers is triggered prior to fertil-
ization during differentiation of the megasporangium and subsequent megas-
porogenesis. Therefore, it is unlikely that variegation is due to rupturing or
splicting from uneven growth of the embryo and testa as proposed eatlier
(Stokes and Hull, 1930; Ashri and Yona, 19_65). _
Variegated testa has been reported as dominant (Stokes and Hull, 1930; Sri-
vastava, 1968; Mauboussin cited from Gillier and Silvestre, 1969), partially
dominant (Krapovickas and Rigoni, 1950; Sri*._fastava, !968; Gupta, 1974;
Branch and Hammons, 1979, 1980), and recessive (Ashri and Yona, 1965) to
nonvariegated testa. Monogenic (Srivastava, 1968; Gupta, 1974; Bra_nch l:md
Hammons, 1979, 1980) and digenic (Srivastava, 1968; Mauboussin cited
from Gillier and Silvestre, 1969) inheritance has been proposed.

Hammons (197 3a) stated that a white spot on the scgd coat on the e_nd oppo-
site the micropyle may appear in some crosses involving 1 parent w_lth white
testa. Srivastava ( 1968) reported observing this in a cross between white (RT d,
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d,) and red (RT D, D,) seed coated peanuts. He observed red testas in the F,
and an F, phenotypic ratio of 11 plain red:4 white spotted red:1 white, indi-
cating digenic differences with cumulative effects.

In a cross between a purple variegated testa line and a red nonvariegated
line, Srivastava (1968) observed that variegation was dominant with
monogenic control. The epistatic effect of purple over red and the interaction
between loci gave an F, ratio of 36 purple variegated:12 purple nonvarieg-
ated:9 red variegated:3 red nonvariegated:3 rose variegated:1 rose nonvarieg-
ated.

In another cross between a rose nonvariegated line and a red variegated line,
Srivastava (1968) observed an F, ratio of 3 rose nonvariegated: 1 red much var-
iegated:2 red little variegated:1 red nonvariegated, indicating incomplete
dominance of variegation. Branch and Hammons (1979, 1980) also reported
incomplete dominance of variegation in a cross between a red variegated line
and a red nonvariegated line, with an F, ratio of 1 variegated:2 slightly varie-
gated: 1 nonvariegated. Additional crosses of 9 lines with pink testa colorand a
red variegated line gave an F, phenotypic ratio of 1 pink variegated:2 pink par-
tially variegated: 1 pink:2 dark pink variegated:4 dark pink patially variega-
ted:2 dark pink:1 red variegated:2 red partially variegated:1 red nonvariega-
ted, the distribution expected from 2 independent loci with incomplete domi-
nance for each gene pair (Branch and Hammons, 1980).

It appears that differences in testa variegation inheritance are due to interac-
tions with parental materials studied. The white spot type of variegation is de-
pendent upon digenic differences with cumulative effects (Srivastava, 1968:
Hammons, 1973a). The purple and red variegated patterns are under
monogenic control, with the purple completely dominant and red incom-
pletely dominant (Srivastava, 1968; Branch and Hammons, 1979, 1980).

Srivastava (1968) first proposed the gene symbols Vv to represent variegated
testa. These gene symbols are used by other researchers (Gupta, 1974; Branch
and Hammons, 1979, 1980). These gene symbols should not be confused with
the gene symbols Vv proposed by Patil (1966) to represent the induced mutant
virescent. _

Inner Testa Color. Rodriguez and Norden (1970) proposed that at least 4
loci control inner testa (seed coat) color. Depending upon the cross, they ob-
served F, ratios suggesting monogenic, digenic, trigenic, or tetragenic inheri-
tance. Based on their results, they suggested that 2 dominant complementary
factors (L and M) produce a dark pigment. Two other factors (N and §) dilute
the dark pigment to a lighter form or to white, respectively.

Arginine Content. Taiand Young (1977) concluded from their studies of 9
F, families from crosses among 6 peanut lines that free arginine level was con-
trolled by 2 major genes with partial dominance for low arginine,

Induced Mutagenic Changes

Irradiation Induced. Irradiation mutation programs have been conducted
in North Carolina (Gregory, 1968), India (Patil, 1966, 1969), Senegal (Bil-
quez et al., 1965), Israel (Ashri and Levy, 1974b), and South Africa
(Tuchlenski, 1958). A description of the macromutants and their genetic con-
trol has been reviewed (Bilquez et al., 1965; Patil, 1966, 1969; Gregory,
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1968; Hammons, 1973a) and is discussed in other sections of this chapter.
Though of little economic value to the grower, some of the macromutants have
contributed greatly to a better understanding of the basic genetics of the
t. .

PeaGn::::gory (1965) demonstrated that as the magnitude of phenotypic effect of
the mutation decreased, the frequency of mutant plants increased exponen-
tially. Further, the more completely these large phenotypic changes are ghml-
nated from the population, the more symmetrical the very small changes in the
genome become. Stucker et al. (1968) derived the quantitative genetic expec-
tations for estimating induced polygenic variance in mutant popul'atu.)ns t:ol-
lowing elimination of macromutants, and demonstrated that the distribution
of plus and minus mutations supported the hypothesis that these mutations oc-
curred with about equal frequency (Gregory, 1968). The effects of these small
changes on yield and seed size were also noted. Emery et al. (1972) gave further
evidence for this hypothesis by showing that the mutated backgrounds of 9
macromutant families of cup appear to be randomly as§oc1ated with the mac-
romutant c# locus. The magnitude of the range of hybr‘nd means and variances
within 3 specific cup backgrounds, together with the differential environmen-
tal response of specific hybrids indicated the diverse nature of the mutated
backgrounds. ' o ) .

Patil (1966, 1969) has reported isolating trisomic and tetrasomic mutations
following irradiation. Based upon experiences with other crops, these mutants
should be of value in cytogenetic research on peanuts (Hammons, 1973a).

Chemically Induced. Ashri and co-workers (4shn and Goldin, 1965;
Ashri, 1970a, 1972; Shchori and Ashri, 1970; Ashriand Levy, 1974a3b; Levy
et al., 1979) conducted extensive research with chemic?.l ‘mutagens in Israel
and found that the chemicals diethyl sulfate (DES), ethidium bron'ndg (EB),
sodium azide (SA), ethyl methane sulphonate (EMS): N—metl?yl-N -nitro-N-
nitrosoguanidine (MNNG), hydroxylamine (HA), nitrous acid (NA), 5-}3U,
ICR-170, acriflavine, chloramphenicol and erythromycin are mutagenic to
peanuts. Ashri (1970a, 1972) and Shchori and Ashri (.1970) observed
polygenic mutants as well as macromutants, in.agreement with the results of
Gregory (1956, 1965, 1968) following irradiation.

Ashri (1972) proposed a scheme for identifying plasmon and nuclear gene
mutations controlling growth habit following prolpnged chemical
mutagenesis since the peanut system is particularly well suited for detecting
plasmon mutations for growth habit. The chemically .mduced.macm{nutants
and genetic models proposed for their inheritance are discussed in previous sec-
tions of this chapter. _ _ o

Sensitivity. Gregory (1956) recognized differences in sensitivity among
cultivars to irradiation early in his work. He felt that selection could be made
among genetically similar stocks for greater or lesser sqnsntlvxty..Bllqut.:z_ apd
Martin (1961) and Bilquez et al. (1965) also observed differences in sensitivity
to irradiation in their mutagenic studies in Senega!. Emery et al. (1970) re-
ported that sensitivity in peanut embryos to irradiation depended on moisture

nt. .
corxzhri and co-workers (Ashri and Goldin, 1965; Ashri, 1972; Ashri and
Levy, 1974a,b; Levy et al., 1979) reported differences in physiological sen-
sitivity among cultivars to chemical mutagenic agents similar to those ob-
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served for radiation. Using DES, Ashri (1970a, 1972) and Shchori and Ashri
(1970) found both single trait and pleiotropic mutations with a higher induc-
tion rate in the cultivar least physiologically sensitive to DES. Ashri and Levy
(1974a) reported several factors affecting sensitivity. Embryos in early de-
velopmental stages were more sensitive than in latter stages. Alkylating agents
were more injurious than acridines. The concentration of the mutagen was the
most important factor in treatments longer than 24 hours, while time of expo-
sure was equally important in treatments less than 24 hours.

In comparing radiation (gamma-rays) and chemically (EMS) induced muta-
tions, Ashri and Levy (1974b) found that gamma-rays gave a higher mutation
rate. Dixie Anak was the cultivar most sensitive to both gamma-rays and EMS,
with TBR [V} and Congo less sensitive. The types of mutants observed varied
for mutagen and cultivar. All mutations were recessive.

Pest Resistance

Groundnut Rosette Virus, Berchoux (1960) reported that resistance to
groundnut rosette virus (GRV) is governed by 2 recessive genes with duplicate
action. An F, phenotypic ratio of 15 susceptible:1 resistant plant was ob-
served. The gene symbols Az B were proposed. Berchoux (1960) and Daniel
and Berchoux (1965) reported that resistance is due to the production of an an-
tivirus substance by resistant plants. This genetic information, plus the de-
velopment of suitable artificial infection techniques for field screening of seg-
regating populations for resistance to GRV, led to the successful transfer of
GRYV resistance to a commercial cultivar (28-20R.R.) using the backcross
method of breeding (Mauboussin et al., 1970).

Cercospora Leafspots. Smarte (1964), Sharief (1972), and Sharief et al.
(1978) concluded from triploid F, hybrids of crosses between resistant wild
species and susceptible hypogaea lines that leafspot [Cercospora arachidicola Hori
and Cercosporidium personatum (Berk. & Curt.)] resistance is recessive since all
hybrids were susceptible. Abdou (1966), Sharief (1972), and Sharief et al.
(1978) concluded resistance to early leafspot was independent of resistance to
late leafspot. Kornegay et al. (1980) observed differences in resistance in F , but
not in F, reciprocal crosses. They concluded that maternal, but not cytoplas-
mic factors, influenced leafspot resistance. In contrast, Coffelt and Porter
(1982) observed significant differences in suscepibility to early leafspot be-
tween advanced progenies of reciprocal crosses of Chico and Plorigiant. They
concluded that cytoplasmic factors may be involved in determining resistance
to leafspot. Sharief (1972) reported that 2 or more nuclear genes controlled re-
sistance to leafspot, while Sharief et al. (1978) and Kornegay et al. (1980) pro-
posed quantitative inheritance.

Peanut Rust. Bromfield and Bailey (1972) reported digenic control of rust
(Puccinia arachidis Speg.) resistance, with resistance recessive to susceptibility.

Verticillium Wilt. Khan et al. (1973) found resistance to Verticillium wilt
(Verticillium dabliae Kleb.) was controlled by a single recessive gene.

Necrotic-Etch Disease. Hammons (1973b, 1980) reported the occurrence
of a necrotic-etch disease in peanuts with no known causal organism. The nec-
rotic-etch character is recessive to the normal condition. Hammons (1973b)
observed monogenic, digenic, and trigenic inheritance of resistance, depend-
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ing upon the parental lines used. However, in a later report (Hammons,
1980), only digenic inheritance was observed, with an F, phenotypic ratio of
15 nondiseased: 1 diseased plant. The gene symbols Ne; e, Ne, ne, were pro-
posed.

Sclerotinia Blight. Coffelt and Porter (1982), in studying advanced gener-
ation selections becween Chico and Florigiant, observed significant differences
berween progeny of the reciprocal crosses in susceptibility to Sclerotinia blight
(Sclerotinia minor Jagger). When Chico, a resistant line, was used as the female
parent, the progeny were more resistant than when Florigiant, a susceptible
line, was used as the female parent. This led them to conclude that cytoplasmic
factors may be involved in determining resistance to Sclerotinia blight.

Other Pests. No genetic models have been reported for inheritance of re-
sistance to any of the other major disease, insect, or nematode pests of peanuts.
Hammons (1972) stated that the lack of this information hampers selection for
pest resistance in commercially accepted culrivars.

Linkage

Only 3 linkage mapping experiments have been reported. Patel etal. (1936)
observed nonrandom assortment of growth habit and branching type in a cross
between Philippine White (spreading, branched) and Corientes-3 (bunch,
nonbranched). They found about 30% crossing-over between genes for spread-
ing and branched. Patil (1965) reported 40.4% crossing-over between genes
for growth habit and pod reticulation and 31.5% crossing-over between genes
for stem hairiness and pod reticulation.

Three other possible linkages have been observed. Badami (1928) observed
an association between violet color and hardiness in stems and of thin pericarp
with small seed. Coffelt and Hammons (1973) found an association between
small seed size and the occurrence of albino seedlings. Stalker etal. (197 9) pro-
posed that a linkage group for several undesirable characters (late maturity,
small seeds, separated pod cells, and low yield) was associated with leafspot re-
sistance in crosses between A. hypogaea (P1 261942 or P1261943) and the wild
species GKP 10017 (A. cardenasii Krap. et Greg. nom. nud.). Their conclusions
were based on the fact that high yielding lines with acceptable characteristics
tended to be more susceptible to leafspot than plants with low yield and unde-
sirable characters.

No effort has been made to assign linkage groups for these few instances of
qualitative character linkage. With the increased study of inheritance of qual-
itative traits, more cases of linkage should be found, especially since many
traits involve genes on 2 or more chromosomes.

QUANTITATIVE CHARACTERS

Many important traits of the peanut, such as yield, are quantitatively inher-
ited. The exploitation of the genetic variability of quantitative traits through
hybridization, inbreeding, and selection is an important feature of a peanut
breeding program.

This section will review the quantitative genetic research most significant to
peanut breeders such as (1) nature of genetic variability, (2) type of gene ac-
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tion, (3) hentabﬂx;y, (4) correlation among traits, and (5) the implications of
results from quantitative genetic studies on breeding procedures.

Diversity in the Germplasm Pool

Several surveys of genetic variation have been mad
economic importance. These investigations have not alwzysfo:ecco}:r:ia;é:lr:hgrf
populations including subspecific groups are more variable than a collection of
culht;vars ofa sxn},lgle botanical variety (Hammons, 1973a). °
any researchers have reported means, variances iati
quantitative traits for collections of peanut cultivars. ,SZ[\:S:Z; ?:;;23:23 ZTO(:E
sense estimates of heritability have also been obtained from groups of unrelated
cultivars. An extensive review of these studies from the first report by E
(18(:93) until 1973 was made by Hammons (1973a). P Y
aracter Associations. Rachie and Roberts (197
characters are associated and passed on to rhelgr %rzgizig:;:eihgfsﬁﬁps 1011f
peanuts. This {Ilakes it difficult to develop new cultivars with desired chagra
teristics, especially if the parents are from different subspecific groups Seveﬁ
stud{es have been conducted which contribute information on chami?cr.er int ¢
relationships. Traits indicative of yield such as number and weight of pods er
plant, number and weight of seed per plant, and pod and seed size l\-:s,rere Iz:r
porred' to be positively associated in peanut cultivars (Sun, 1932; Hayes, 193 3_'
Maralihalli, 1933; Humphrey, 1942; Lin, 1954; Dorairaj 19%2' j};lsv’val anci
Gupta,_ 1966, 1967; Chandra Mohan et al., 1967; Badwal,and G:.l ta, 1968;
(‘Topa_lm etal., 1970; Sangha and Sandhu, 1970; Coffelt and HammoI[)ls ,197 3)’
Significant negative associations were observed between number of ;;ods e;'
lfalan\::l agld seed size measured as g per 100 seed. Inconsistent results have bsen
Goﬁnta 0{9%%4 ;velgﬁr pet plant and g per 100 seed (Lin, 1954; Badwal and
Hasmions, 1,97:;;1:;; a and Sandhu, 1970; Dholaria et al., 1972; Coffelt and
'Mltal an.d Mehga (1954) recognized that associations among traits varied
wfxthbbotaplcal variety. Differences in the correlation of traits among cultivars
;)S Zseﬂtigﬁi ;r:neiy‘, although b?)bvious considering that character association
. . cultivars into botanical varieties, have now been well b-
ik : to. well esta
al.’eldg(_jhjzi)lf;hra, 1958; Dorairaj, 1962; Badwal and Gupta, 1968; Dholaria et
Jaswal and Gupta (1966) found that pod yield w. i i
cor:;ponents but regression analysis indifateci( that oﬁyc‘t)lflzerlla;f:b:g} izszﬁ
ICDS[: and tlI]e nun'}be:r of pegs mﬂl:uenced yield in 73 virginia peanut (spreading)
= tvars. In a similar study using 59 spanish (erect) cultivars, Jaswal and
upta (.1967) found that the number of mature pods and branch ien th infl
enced yield. Sang?xa al:ld Sandhu (1970) and Khangura and Sandhu (g1972) ru-
porttz;i that p?d yield in 30 virginia cultivars was strongly associated with tl;:;
([jl:rr;l l:::azf; E;;m?;]; ?1r:1d sgconciary branches, the length of primary and secon-
es, mber of mature pods and shellin i
Eszl:)fc::gifi;xgm acr;la:lyi;s,hKhanguradand Sandhu (1972) ig;i?:ﬁigfén;ﬁti
ranch had the greatest direct effe i
characters affected pod yielcgl through the Ienegctrhogfp :Ilct{e};:ils{a?lﬂb]::r:flil Olghell;
coefficient analysis was used by Lin and Chen (1969) and Lin g,t al. (1969;1§0
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i e relationship of yield components to yield in a series of S_tLI(l:ilf.tS
f&ﬁﬂ:ﬁ :2 Taiwan. Foir) 17; cultivars, including virginia runner, v1.rg1f1f{a
bunch and spanish types, intertype differences ﬁ_:)r several. traits werel_:slgm -
cant. In a second study, seasonal differences significantly influenced the com-

ffected yield.

ponDeir\lftesrsfil;?(tii the pegnut germplasm pool has also been demonstrated l?y sev-
eral studies involving peanut cultivars in which the researcher est;mates
genotypic variance, genetic advance and h.er:mb.lhty values fora gro;_lp o Ltiqre—
lated genotypes. Ina collection of 60 cultivars, including 20 each od spxiea mlg
(virginia), semispreading and erect (spanish) growth habits, Badwa eft ai]é
(1967) estimated genotypic variance (GV) expressed as a percentage o tt ¢
phenotypic variance. They also estimated genetic advance (GA) as a;_ peic(fg agd
of the mean. They reported that GV and expecred GA were higher for seed
weight than for yield and several other traits. Several other workers have use
similar techniques and have also estimar.Ed such additional parameters a;s
broad-sense heritability (H = genotypic vartancg/pher}otyp;c vanaricoeo3
genotypic coefficient of variability (GCV = genotypic variance lmeax; xean )
and phenotypic coefficient of variation (PCV = phenotypic variance/m

100)‘ . . . . g - - ﬂ wer_

nd Asoka Raj (1969) obtained high heritabilities for days to flo
inia;igs per plant, ;nd 100 pod weight. The GCV was hx?h for poldshiif
plant. Majumdar et al. (1969) obtained a wide range for PCV for severz;_lcd_
acters measured in 45 cultivars collected from different growing altea(sios n 1;:.
All traits had a high H except for the number qf po_cls and po_d yield. haz}gha
and Sandhu (1970) studied the components of yield in 27 cultivars each of t te
virginia and spanish type. GCV and GA were high for 4 yield componenot;_
within each group but only for pod number in both types. A largzamc?ull'llt [
genetic variability was found for several traits such as number and weig t'g
pods per plant for 108 cultivars investigated by Dixit et al. (1970). MOlStl(ljral Cs1
had high H, especially 100-pod and 100-see_d weight. Variation in yﬁe Ciarzxo
yield-contributory traits at high and low qutlhty levels using 20 l?unc an
spreading cultivars was studied by Dholaria and Joshi (1972). ngh.es;lmates
of H for number of pods, number of branches, and 100-seed weight l\:rere
found. Expected GA was greatest for pods per plant and 100-seed weight az
high fertility. Varisai Mohammad et al. (1973) found that PlCV was greatesd
for 100-pod weight for virginia runner cultivars when the trait was mea{siuree
for 337 bunch, 191 semispreading, and. 191 spreading cultivars. Iné\SJtuG)&]_
peated 4 times in 3 years using 27 cultivars, Sangha (1973) found P 1 , 1 ;
H and GA to be high for 100-seed weight and number ofPods but Oln‘ y mof er-
ately high for pod yield. Kushwaha and Tawar (1973), using 40 cu tl:irars 'rolr:z
India and Africa, observed high H for 100-pod weight and 100-see Prqxgld
and high GA foryield, 100-seed weight and several other components o hyl_e h.
Sivasubramanian et al. (1977) found high GCV, H, and GA values for height
of main stem and pods per plant but estimates for the same parameters were
ield. .

IOV’Vrioegf (s)tdugiZs demonstrate that considerable variation exists among peanut
cultivars for yield, components of yield: and several other traus.dThe;e es:;:
mates of genotypic variance, heritability, genetic ad\{ance, and ot :;ul -
sociated parameters from groups of unrelated peanut cultivars are not us

GENETICS OF ARACHIS HYPOGAEA L. 75

the breeder in predicting the genetic consequences of manipulating the varia-
bility. Since it is well established that sufficient variability exists for yield and
yield components in cultivated peanuts, additional estimates of genotypic var-
iance, heritability, and genetic advance for yield and its associated components
in small groups of unrelated cultivars are not necessary.,

Heritability and Correlation in Segregating Generations

Genetic variability, heritability, and correlations have been estimated less
frequently in segregating generations than in collections of cultivars. These es-
timates from segregating populations are useful in understanding the genetic
consequences of hybridization, inbreeding and selection in the peanut. Ber-
nard (1960) estimated the genetic and environmental variability for 10 traits,
including seed yield, number of pods, weight per seed and leafspot scores in
the F, -F4 generations of 4 crosses between 8 diverse cultivars and 15 crosses
berween 6 F selections from the first group of crosses. All traits had sufficient
genetic variability for progress to be made through selection. The weight of
seed had a higher estimate of heritability than seed yield. Although several
traits were correlated with yield, selection using an index including yield and
any or all of the remaining 9 characters was not superior to selection for yield
alone.

For 15 characters in the F, generation of a diallel made among a virginia,
valencia, and spanish line, Syakudo and Kawabata ( 1965) found that
genotypic correlations were higher than phenotypic correlations, although
both types were generally low. Estimates of broad-sense heritability were low
for all traits except height of the main stem (0.82) and a plant type index
(0.89). Oil content was not correlated with the other traits in these crosses.

Lin (1966) found that the major portion of genetic variance among F, and F;
progenies of a spanish x virginia cross was due to dominance effects for number
of pods and yield (weight of pods), while additive effects were most important
for main stem length and length of branches. Estimates of heritability for
number of pods and yield were relatively small. Lin et al. (1971) found that
planting densities affected estimates of heritability in an F; bulk population.
Estimates of broad-sense heritability were higher for yield and number of pods
in wide than in narrow spacings.

Martin (1967) studied hybrid and backcross progenies between 2 cultivars
with contrasting oil content, shelling outturn, and seed weight and obtained
heritability estimates of about 709 for each trait. He determined that cultivar
differences were due t0 2, 1, and 5 pairs of alleles for oil content, shelling out-
turn, and seed weight, respectively. Oil content was not correlated with seed
weight.

Correlation coefficients and heritability estimates for 9 components of yield
in an F, population between Argentine (spanish type) and Early Runner (vir-
ginia type) were obtained by Coffelt and Hammons (1974a). The characters
measured were the number of pods and seeds per plant, pod and seed weight
per plant, g per 100 seeds, length and breadth of 10 pods, number of seeds per
pod, and pod length/pod breadth ratio. Highly significant positive correla-
tions were found between number of pods and pod weight, number of seeds
and seed weight, pod weight and number of seeds per pod and seed weight,
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and number of seeds and seed weight. Selection for increases in any of the 4
characters—number of pods, pod weight, number of seeds, or seed vntetghlg—;
should result in a corresponding increase in the 3 remaining traits. ‘({)‘
breadth was also significantly correlated with g per 100 seeds. Other 51‘gn‘l:|1—
cant correlations were obtained; however, they were small in magnitu; e(;l
Broad-sense estimates of heritability for g per 100 see'ds, pod length, Ilj;o
breadth, and the pod length per pod breadth ratio were high (0.7.1-1(1).90). gw
heritability estimates were obfjerved fordnumber of pods, pod weight, number
ight, and seeds per pod. _ '
% f[t?zicihsr‘ieg;’io‘zreuég(l975) srudie% tlllje inheritance of protein and oil content
using 6 cultivars and their F, populations.. They concluclled that both protein
and oil content were quantitatively inherited. Co.rrelvatlons between p‘rotc.aflqn
and oil content were negative and varied from nonsignificant to highly signi l1-
cant in the various populations. Holley gnd Hammons (19_68) had previously
reported a tendency for a reciprocal relationship becween odland prore::ln con-
tent. However, enough exceptions were found for the 26 cultivars tested to in-
validate an absolute reciprocal relationship between 011‘ gnd protein. .
The inheritance of amino acid and fatty acid composition in the parentstzlm
the F, generation of 3 crosses was studied by Tai land Young (1975). These
traits were also found to be controlled by genes acting in a quanc_lratwc:ir?an-
ner. Some transgressive segregants were found for some of th‘e amino and fatty
acids. Correlations among the 18 amino acids and 8 fatty acids were inconsis-
tal and F, populations. o
ten;I?S;O;i ?:éfir;ies from Erlc))ss[zzs among 6 peanut cultivars -and b.reedmg lxges
were used by Tai and Young (1977) to investigate the Enher:tance of dry
matter accumulation and free arginine asa measure of maturity. Dry matter aci
cumulation was inherited as a quantitative trait, whereas the frec arginine leve
was found to be controlled by 2 major genes with partial dominance for low ar-
ginine. Broad-sense heritabilities were often lower for dry mateer (0.38 to
for the arginine level (0.60 - 0.93). ) )
> ﬁliﬂﬁﬁmﬁd et al.g( 1978) estimated heritabilities, phenotypic correlanonsc,l
and genotypic correlations for yield, fruit_ size, and maturity using thesz an
F; generations of 2 crosses between a virginia apd 2 spanish lines. I:?]r_ozin_l -sense
heritability estimates based on within-plot variance for yield were hig ,-ralr;%-
ing from 0.42 to 0.82 for 4 year location environments. Broad-sense he;xtaE il-
ity estimates were also high for fruit length, ranging from 0.79 t0 0.92. Esti-
mates of heritability for several maturity traits were lower and less consistent
over environments. Estimates of heritability computed by off_sprmg-parent.re—
gression were much lower than variance estimates of heritability for all traits.
Hericability for the 2 crosses for yield of pods was only 0.21 and 0. 16 and for
weight of seeds 0.10 and 0.06. Heritability estimates for fruic c?lze vlv?e
higher, 0.42 and 0.50, for fruit length, 0.18 and.0.2_7_, and 0.41 an 0.5 for
weight of seeds from 20 fruits. Estimates of hengabdnty for a fruit maturity
index were 0.20 and 0.35 for the 2 crosses. The discrepancy betvyeen the var-
iance and regression estimates of heritability for the F, pgpglatlons suggests
that the use of broad-sense heritabilities computed from within-plot vana;i_es
for early generations of crosses involvi.ng diverse peanut llpes are :Pkifllat_e b_(:f
predicting genetic advance from selection. The variance estm_]atflrbso_ e'nftlaac;d
ity are biased upwardly with the most important source of bias being in
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genotypic variance estimates, probably resulting from competition among
plants within a plot. The regression estimates of heritability are probably more
useful in predicting response to selection. These estimates are biased less by
nonadditive genetic variance and genotype x environment interaction.

Gibori et al. (1978), using a 9 x 9 diallel cross involving widely divergent
cultivars as parents, estimated heritabilities and correlations for pod size and
yield, days to first flower, and weight of plant from the F, generation. Their
estimates of heritability were calculated from the diallel data using the
methodology of Hayman (1954, 1958) and Jinks (19 54, 1956). These authors
suggest that the high heritability estimate obtained for pod yield per plant
(0.79) indicates that phenotypic selection of best plants in large F, populations
followed by careful progeny testing would increase productivity. Pod yield per
plant was not highly correlated with the other 3 traits, suggesting thar selec-
tion for yield cannot be accomplished by indirect selection. Gibori et al.
(1978) found a positive but low genetic correlation between fruit size and
yield, indicating that selection for both large pods and high yields is possible.

Layrisse et al. (1980) estimated correlation coefficients for cross means and
Spearman rank correlations for general combining ability effects of 9 traits
measured on the F, generartion diallel cross of 10 diverse parents. Correlation
coefficients based on cross means are phenotypic; those based on general com-
bining ability effects are phenotypic correlations that approach genetic correla-
tions. Fruit yield and seed yield were si gnificantly correlated with oil and pro-
tein content. Oil and protein contents were positively correlated but only the
phenotypic correlation was significant.

Wynne and Rawlings (1978) estimated heritability for yield and several
fruit traits for the F5 and F¢ generations of a cross between 2 virginia cultivars.
Narrow-sense estimates of heritability over reciprocal crosses and environ-
ments ranged from 0.54 for yield per plot to 0.89 for fruic length. Progress
from selection in late generations should be expected from these heritability es-
timates.

Sandhu and Khehra (1977) determined heritability and genetic advance for
the F; progenies of 2 peanut crosses for resistance to leafspot, pod yield, 100-
kernel weight, oil content, and protein content. Broad-sense estimates of
heritability were high for all traics except yield in both crosses. However, the
estimated advance from selection was only high for resistance to leafspot. Had-
ley etal. (1979) estimated heritability for resistance to Cylindrocladium black
rot disease to range from 0.48 t0 0.65, depending upon the method of calcula-
tion. Their estimates were obtained in the greenhouse for the F, and F, gener-
ations of a 4-parent diallel.

Type of Gene Action

The development of more efficient breeding procedures requires an under- -
standing of the type of gene action governing the inheritance of quantitative
traits (Brim, 1973). Alchough methods for characterizing genetic variability
in self-fertilizing species are available (Hanson and Weber, 1961; Cockerham,
1963; Stuber, 1970), little information has been obtained on the various types

of gene action and their relative importance in the inheritance of important
traits in peanuts.
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Heterosis. Heterosis or inbreeding depression usually indicates that nonad-
ditive gene action is important. Several investigators have reported estimates
of heterosis for peanuts. Marked heterosis for vegetative traits and pod yield
were obtained for seveal crosses by Higgins (1940) when he crossed 16 cul-
tivars in diallel. Individual plant yields were highest for spanish x virginia
crosses. Gregory et al. (1980) analyzed data from a diallel of 10 diverse peanut
lines made in 1944. He found hybrid vigor for F, hybrids between subspecies.
Most F, hybrid means were equal to midparental values although some F,
means were exceptionally high or low. Syakudo and Kawabata (1963) found
appreciable heterosis for top weight in virginia x spanish and valencia x vir-
ginia F, hybrids. Hybrid vigor was not found in crosses between cultivars
within each botanical variety, nor in spanish x valencia crosses. Pod length of
F, plants was intermediate between that of the parents. Lin (1966) found sig-
nificant hybrid vigor for length of main stem and branches for F, plants grown
in Taiwan from the cross of a spanish type by Florispan Runner (a virginia cul-
tivar). The superiority of the F, hybrids over their better parents for yield as
well as for the number of branches and leaflet length was shown by Hassan and
Srivastava (1966) using crosses among 3 cultivars differing in maturity and
growth habit. Parker et al. (1970) noted that F, crosses of valencia x virginia
gave greater heterosis than did crosses of virginia x spanish or valencia x
spanish for several seedling characters measured in a controlled environment
for a diallel cross of 6 peanut lines collected from 3 centers of diversity in South
America. Wynne et al. (1970), using the same parents as Parker et al. (1970),
reported that F, hybrids from virginia x valencia parents gave greater heterosis
than other crosses for vegetative plant characters. Crosses of valencia x spanish
gave greatest heterosis for yield and fruit characters. The highest yielding
cross, however, resulted from a cross of virginia x spanish parents. Hammons
(1973a) reported heterotic responses for fruit yield for F, hybrids resulting
from crosses made between the subspecific peanut groups. Five cultivars repre-
senting virginia and spanish types in all possible hybrid combinations were
evaluated in Senegal by Garet (1976). Heterosis was found in certain crosses for
pod and seed size, pod and seed number per plant, and shelling outturn. Inall
cases where heterosis was observed, the cross was made between virginia and
spanish parents. Layrisse et al. (1980) found that hybrid vigor for fruit yield,
seed yield, and 100-seed weight persisted in F, progenies of a diallel cross of 10
lines. The entries of the diallel were 2 lines from each of 5 centers of genetic di-
versity in South America. The parents of the crosses with significant heterosis
generally came from different centers of diversity. Isleib and Wynne (1980)
crossed 28 diverse peanut lines with an elite virginia breeding line and grew
the F, and F, generations at 2 North Carolina locations. Included in the paren-
tal sample were cultivated peanuts from 5 South American centers of diversity,
Africa and China; A. monticola, a tetraploid species of Arachis, was also in-
cluded. Positive heterosis was observed for pod yield, number and size. Parents
from ssp. fastigiata generally had greater heterotic responses than parents from
ssp. hypogaea. Maximum responses were achieved with fastigiate parents from
the Peruvian center of diversity.

The evidence that heterosis in peanuts, like heterosis in other crop species
such as wheat (Fonesca and Patterson, 1968; Sun et al., 1972; Widner and
Lebsock, 1973), alfalfa (Sriwatanapongse and Wilsie, 1968), cotton (Marani,
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1963, 1968), corn (Moll et al., 1962), and tobacco (Matzinger and
Wernsman, 1968), is related to genetic diversity. Heterosis in peanuts is gen-
erally observed in crosses between the subspecific groups. These results imply
that gene action differs in crosses made within and crosses made between bo-
tanical varieties. Additive genetic variance is of primary importance in crosses
made between parents chosen from a single botanical variety but both additive
and nonadditive genetic variance may be significant in crosses made between
parents from different botanical varieties.

_ Fombini_ng A})ility. Mating designs such as a diallel have been used to pa-
tition genetic variability into portions due to general combining ability (GCA)
and.specnﬁc co_mbming ability (SCA). GCA is usually considered to indicate
additive genetic effects while SCA is usually considered to indicate nonaddi-
tive genetic effects.

A few diallel analyses have been conducted in peanuts. Gregory et al. (1980)
cross.ed 10 of_ the most diverse peanut lines in his collection in 1944 and
studied combining ability in the F, generation by using vegetative cuttings.
He found GCA to be highly significant and several times greater in magnitude
than SCA .for yield and several yield components.

. Inaseries of papers the results from several combining ability experiments
involving 6 diverse parents were reported (Parker et al., 1970; Wynne ec al.
1970, 1975). Parker et al. (1970) estimated combining ability for 17 charac:
ters measured on F, hybrid seedlings generated from a diallel cross of 6 lines, 2
each from 3 centers of diversity in South America. In a controlled phytotr;m
environment, estimates of GCA were found to be more important cthan SCA.
When Wynne et al. (1970) measured combining ability for the same F hybrid
combinations in a single field environment, estimates of SCA were rep:)rted to
!)e more important tha GCA for yield and several yield components. However
if a more appropriate analysis of the data for the case when the parental lines aré
homozygous cultivars is made (Wynne, 1974; Baker, 1978), estimates of
GCA are found to be significant for all 17 characters. Furthermore, GCA esti-
mates are larger than estimates of SCA for all except 1 character. I*Estimates of
combining ability were also obtained for the F, generation of these 15 crosses
in both spaced and drill-planted tests (Wynneetal., 1975). Estimates of GCA
and SCA were highly significant for yield, fruit length, seeds per kg, % extra
large kernels, and % sound mature kernels in the drilled tests. GCA éstimates
were larger than SCA estimates for all traits except percent sound mature ker-
n.els.. In the space-planted test, GCA was significant for all traits and SCA was
significant for all traits except weight of sound mature kernels. GCA estimates
:..rere of grc.:ate';‘ magnfftude ::an 3(?& for all traits. The GCA x location interac-
ton was significant for yield and fruit len ocation i
Fhon e et o ;’ield. gth and the SCA x location interac-
Garet (1976) evaluated the F, hybrid progeny of a complete diallel cross of 5
cultivars chosen to represent a wide range of variation in Senegal. Estimates of
GCA were significant for pod and seed yield per plant, the number of pods and
seeds per plant, lOO-pod weight, 100-seed weight, oil content, and shelling
outturn. SCA and reciprocal effects were also significant for all craits except oil
content. Since GCA effects were larger than SCA estimates for all traits except
shelling outturn, Garet (1976) concluded that the major part of the toal gene-
tic variability was additive for all characters except shelling outturn. A graphic
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analysis of the data for pod yield per plant, 100-pod weight, and shelling oll.ltci
turn using the methods of Hayman (131?54) copﬁrmed the conclusions reache
ugh the analysis of combining ability variance. -
thrgofij yield per };ﬁant, days to first flower, pod size, and plant weights were
studied by Gibori et al. (1978) by analyzing F, data froma 9 x 9 diallel crosds
utilizing cultivars of virginia, valencia, and spanish types. They reporte
bidirectional dominance for pod yield per plant and days to first flower while
the alleles giving small pods were dominant and the alleles for large planta;_
showed dominance and overdominance. Estimates of genetic components 0
variance indicated that additive genetic effects were s::gmﬁcant for all traits
and more important than nonadditive effects for.all traits except plant t.velght(.i
Ten peanut lines, 2 from each of 5 centers of diversity in South Amencg, an
the F, generation of all possible crosses among them were used by Layrisse eé
al. (1980) to estimate combining ability for yield, fruit and seed traits, an
protein and oil content. Both GCA and SCA were significant fqr a.ll traits ex-
cept for the SCA for protein percentage. The component of variation of GCA
was larger than the SCA component for all traits. . -
A few combining ability studies have also been conducted on physiologica
traits and disease resistance. Hadley et al. (1979) determined combmmg al?1l-
ity for resistance to Cylindrocladium black rot, caused by Cylindrocladinm
crotalariae (Loos) Bell and Sobers, using the F, and F, generations .fror_n a4-par-
ent diallel. Resistance was rated in the greenhouse. GCA was s1gp|ﬁcanr for
reaction to the disease for both generations, suggesting that resmtance'wa;
primarily due to additive genetic effects. Kornegay et al. (1980).d'etermme
the inheritance of resistance to 2 Cercospora leafspots, C. aracbzdtc?la (early
leafspot), and C. personatum (late leafspot), in virginia—type peanuts using ﬁelfd-
grown F, and F, generations from a 6 parent diallel. GCA was S'gf“ﬁcaml or
both F, and F, generations, indicating that resistance to both fungi and toler-
ance to infection were primarily due to addimg genetic effect_s. Crompton et
al. (1979) used a complete diallel among 4 virginia and 2 spanish lines to esti-
mate combining ability for seed calcium concentration and total adeqosm{e
phosphates. GCA, SCA, maternal effects, and reciprocal effect§ were all signi 1
icant for calcium concentration, while only SCA was significant for tota
adenylates. Reciprocal and SCA components of variation were more 1mportan;
for calcium concentration than the GCA component of variation, althoug-b
GCA was sufficiently large to also be important. In a greenhouse study., Isle;
et al. (1980) measured nitrogen fixation for the parents and.F1 generation of 2
diallel cross of 10 South American cultivars. SCA was significant and ac-
counted for more variability than GCA for nodule number per plant, nodule
mass, specific nitrogenase activity, shoot weig?t ar;d to:al }:;trogen, suggest-
i itive gene action is important for these craits.
mg\ft::'lilgzzagtilgies g Mohammed et aF. (1978) estimated addmve'and .nonad—
ditive genetic effects for crosses berween a virginia line and 2 spanish lu_lfc;s us-
ing a generation means analysis. Estimates of additive effects were signi :caint
for yield, maturity and fruit size traits. Nonadditive genetic effects were also
igni ield and fruit size.
Slgé!ef:lceat?g fr?a:'iinces for yield and several fruir craits fgr the Fs an.d Fg genera-
tions of an intercultivar cross were estimated by maximum likelihood proce-
dures from a nested mating design by Wynne and Rawlings (1978). Estimates
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of additive and additive by environmental variances were significant for yield
and the fruit traits measured. Estimates of additive x additive epistatic vari-
ance were essentially zero for all traits; however, estimates of additive x addi-
tive x environmental variances were larger than their associated standard devia-
tions for all traits except yield.

Additional genetic variance estimates using appropriate mating designs are
needed for peanuts. Not only are additional estimates of genetic variance
needed for intercultivar crosses, but also the type and magnitude of genetic
variance for important traits of both adapted and exotic intersubspecific crosses
need to be characterized. Without this information, efficient breeding proce-
dures utilizing the range of diversity found in peanuts cannot be implemented.

Epistasis. The available evidence suggests that additive genetic variance is
the principle component of genotypic variance for traits of economic impor-
tance in peanuts. The question remaining to be answered is how important are
nonadditive effects. The significant heterosis observed in some peanut crosses
suggests that dominance deviations occur but these heterozygous combina-
tions cannot presently be utilized in peanut improvement. Epistatic variance,
especially of the additive x additive type, may be important to peanut breeders
since it can be fixed in homozygous genotypes. Hammons (1973a) suggests
that many important traits may be affected by epistatic variance. Significant
estimates of epistatic variance for quantitative traits would not be surprising
since the peanut is an allotetraploid and several qualitative traits have been
found to be controlled by duplicate genes (Hammons, 1971, 1973a).

A few investigators have detected the presence of epistatic variance in pea-
nuts. A generation means analysis was used by Sandhu and Khehra (1976) to
determine the importance of epistatic variance for 2 crosses at 2 locations in In-
dia. Nonadditive genetic effects were more important than additive effects for
pod yield, number of mature pods and 100-kernel weight in 1 cross and for pod
yield in the second cross both at a single location. These authors concluded that
epistasis cannot be ignored in peanut crosses. Isleib et al. ( 1978) tested for the

presence of epistatic effects using progeny froma 6 parent half-diallel of diverse
peanut cultivars. Significant variability attributable to specific combining
ability persisted over generations for yield and other seed characters. Epistasis
was indicated since dominance deviations could not account for the variance
due to SCA in the F; generation. Estimates of dominance and epistatic variance
were obtained using an iterative weighted least squares procedure. Although
their estimates were obviously biased by linkage disequilibrium, the authors
reported that epistatic variance was more important than dominance for all
traits. This study suggests that considerable epistatic variance may exist in
crosses derived from diverse parents. Cahaner et al, (1979) used a diallel in an
attempt to detect genic interactions. Six traits, measured in the F, genera-
tion of crosses made among 4 parents, were analyzed. A duplicate genic type of
interaction was detected using the ratio of the mean within F, family variance
and the variance among parents. Complementary genic types of interaction
were also detected using the methods suggested by Mather (1967). They con-
cluded that duplicate gene interactions were involved in the inheritance of pod
yield and mean pod weight. Complementary genes were involved in the inher-
itance of number of flowers per plant. The number of pods per plant, dry
weight of plant and the ratio of reproductive to vegetative branches were found
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to be controlled by additive dominant genes.
These few studies clearly indicate that additional studies are needed to criti-
cally define the importance of epistatic genetic variance in peanut populations.

Genotype x Environment Interactions

Valid interpretations of quantitative inheritance, as well as predictions of
future performance in a peanut breeding program, depend on an accurate as-
sessment of genotypic values (Moll and Stuber, 1974). Unfortunately, genetic
effects are not independent of nongenetic environmental effects. The interac-
tion of genotype and environment reduces the correlation between genotype
and phenotype which reduces confidence in the data relative to plant improve-
ment and inheritance of quantitative craits. Genotype x environment interac-
tions will often produce an upward bias in genetic variance estimates, causing
expected response to selection to be greater than realized response.

Significant genotype x environment interactions may also influence the
progress that a breeder can make in his breeding program. Small genotype x
environment interactions or well-buffered cultivars are desired if the breeder
wishes to develop cultivars that perform well over a wide range of environ-
ments. Conversely, if cultivars are to be adapted to specific environments, cul-
tivar development may proceed more rapidly by exploiting any genotype x en-
vironment interactions.

Several researchers have recently reported the presence and magnitude of
genotype x environment interactions for peanuts. Chen and Wan (1968) meas-
ured the genotype x environment interaction in Taiwan using 13 peanut cul-
tivars grown at 10 locations for 2 years. Both cultivar x year and cultivar x loca-
tion interactions were small for yield; however, the cultivar x year x location
interaction was highly significant.

When Ojomo and Adelana (1970) determined cultivar x environment inter-
actions for 16 cultivars grown at 3 locations for 3 years in western Nigeria, they
found both the cultivar x location and the cultivar x year x location interactions
to be significant.

In Punjab, India, Sangha and Jaswal (1975) found che cultivar x location
and the cultivar x year x location interactions to be significant for pod yield us-
ing 12 virginia peanut cultivars.

Tai and Hammons (1978) estimated the magnitude of cultivar x environ-
ment interaction for pod yield, % sound mature kernels, % extra large kernels,
% fancy sized pods, g/100 seed and some other fruit traits for tests conducted
under irrigated and nonirrigated management in Georgia at 2 locations for 2
years. The 19 cultivars used represented both early and late maturity groups.
Significant cultivar x location x year interaction for most traits suggested that
the cultivar x year interaction varied with location. The cultivar component of
variance was larger than the first-and second-order interactions.

Wynne and Isleib (1978) found results similar to those of Tai and Hammons
(1978). Cultivar x environment interactions for yield and several fruit traits
were estimated for 2 groups of virginia cultivars. A large cultivar x location x
year interaction was observed for yield in both North Carolina studies. Both
cultivar x location and cultivar x year interactions were small when compared
to variation among cultivars.
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Wynne and Sullivan (1978) determined the influence of the environment on
seedling emergence for 8 virginia peanut cultivars in North Carolina in repli-
cated tests conducted at 5 locations over a 3-year period. Both the cultivar x
year fmd cultivar x location x year interactions were significant.

Yield, % sound mature kernels and % extra large kernels were determined
for 2 years at 2 locations for 9 crosses with 8 lines per cross in Fand F; genera-
tions by Wynne and Coffelt (1980) in North Carolina and Virginia. Cross pop-
ulations and lines within crosses were significantly different for all traits. Cross
populations interacted with the year-location environments for all traits, while
lines within crosses interacted with the environment for all traits except yield.

The effect of the weather on the yield response of cultivars and the genotype
x environment interaction was investigated by Williams et al. (1978) in
Rhodesia. They found that the cultivars were more sensitive to changes in the
environment before fruit filling than during the actual fruit-filling phase.

. Although genotype x environment interactions vary with the material and
sites chosen for testing, genotype x environment interactions in peanuts appear
to be similar to those in several other autogamous species. Matzinger (1963)
concluded that second-order interactions were important for cotton, soybeans
and tobacco. In general, the second-order interaction also tends to be most im-
portant for peanuts. Thus the yield of a peanut cultivar in each individual
experiment is unique and the environmental conditions differentiating the
tests cannot be grouped according to years or locations. ' :

Evaluation of Stability

_ Because of limited resources, peanut breeders have generally been interested
in developmg cultivars that are stable; that is, show a minimum of interaction
with the environment. Several researchers have used regression techniques to
characterize responses of genotypes under varying environmental conditions.
Although many of the regression analyses used to measure phenotypic stability
do not meet rigorous statistical requirements (Moll and Stuber, 1974), they
have proven to be useful indicators of stability. ’
Joshi et al. (1972) measured the stability of 5 bunch genotypes and a local
standard at 7 environments in the Gujarat state, India, using the analysis
suggested by Eberhart and Russell (1966). Cultivars showed stability in all en-
vironments for yield. The local standard was low yielding in both good and
poor environments, while 1 genotype, released for cultivation as ‘Junagadh’
performed consistently well in both poor and good environments. ’
. ?xr:lgh st al. (1975) t;valuated 8 cultivars for yield and stability at 4 locations
in India during a single growing season. Their data were also anal i
Eberhfm and Russell’s ( 1966) methodology. A significant genotypey:::vﬁ:rlng-
ment interaction was found. The cultivars differed in stability, with the cultiv-
ar M 13 having both high yields and average stability. .
_ Wynneand Sullivan (1978) found that 8 virginia cultivars differed in stabil-
ity over environments for the percentage of seedlings that emerged when the
data_t were analyzed l?y regression. They tested at 5 locations in North Carolina
dpnng a 3-year period. Two cultivars, Florigiant and NC-Fla 14, produced
high percentages of emerged seedlings and gave greater stability over environ-



84 PEANUT SCIENCE AND TECHNOLOGY

ments than the remaining 6 cultivars. The authors concluded that selection for
cultivar stability for seedling emergence over environments should be effec-
tive.

The genotype x environment interactions for pod yield and days to maturity
were found to be significant by Yadava and Kumar (1978) for 15 bunch
genotypes grown in 4 environments at Hissar, India. The linear component of
the genotype x environments interaction was significant for both traits, while
the deviations from regression were also significant for days to maturity. One
cultivar was consistently early and high yielding in all environments. Yadava
and Kumar (1978) also used 17 genotypes grown in 4 environments to esti-
mate genotype X environment interactions and stability parameters for 100-
kernel weight, oil content and shelling percentage. The linear and nonlinear
portions of the genotype x environment interactions were significant for all 3
traits. One cultivar had consistently high 100-kernel weight and oil content in
all environments. Another cultivar had high shelling percentage and was sta-
ble over all environments. The data convinced the authors that stability pa-
rameters for the different traits were governed by independent genetic sys-
tems.

In order to achieve stability of yield over a wide geographical area and over
seasons, Norden (1980) has released cultivars that are early generation compo-
sites of 4 to 10 sister lines selected in the F4-Fg generations. Two such culti-
vars, Florigiant and Florunner, have been grown in the southeastern United
States with outstanding yield results.

The relative yield advantage and stability of this type of multiline was com-
pared to its pure line components in North Carolina and Virginia using 2 mul-
tilines composed of 4 sibling homozygous lines grown in 16 environments
(Schilling et al., 1980). An analysis was conducred to obtain the relative sta-
bility among lines and the adaptation of each line to a range of environments.
The 2 multilines did not yield more than the better pure lines or the pure line
means. The stability for seed yield of the multilines and the pure lines was not
different. The regressions indicated that the mixtures were adapted to all en-
vironments, whereas variability existed among the pure lines for this parame-
ter. These results suggest that pure line cultivars can be selected that are well
adapted and stable across environments.

These scudies, although limited in number and scope, suggest that the ad-
aptation and stability of a peanut line, both traits being under genetic control
but acknowledged to be difficult to determine (Simmonds, 1979), should be
evaluared and considered before a line is released for production.

Implications on Breeding Procedures

An understanding of quantitative genetics facilitates the decisions a breeder
must make concerning his breeding objectives, the development of genetic
material with breeding potential and the testing and evaluation of the genera-
ted material (Moll and Stuber, 1974).

The available data suggest that additive genetic variance is the principal
component of genotypic variance in traits of economic importance in peanuts.

The pollination system of the peanut makes it highly unlikely that breeders
1 Cean kmnading meacediees thar do nar lead to bure lines. Furthermore, evi-
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dence .from other self-fertilizing species indicates that in most cases homozy-
gous lines can be found which surpass the F, hybrid (Brim, 1973). !

Homozygous genotypes will still be the goal of breeders even if future
studies show that additive x additive epistatic variance constitutes a large
proportion pf the genotypic variance for some traits in specific crosses. Since
breeders will likely continue to produce homozygous genotypes présentl
used brethng procedures such as the pedigree, modified pedigree' bulk ané
backcrossing methods will be the predominant methods used for c:ﬂtivar de-
velopment during the next decade.

_These conservative breeding procedures have generally limited germplasm
dn:ersxty in cultivars available for commercial production (Hammons, 1972)
With preponde_ra'nce of additive genetic variance, the limited recoml,:)inatior-l
allowed by_ traditional breeding procedures and the broad range of genetic di-
versity available in peanuts (Banks, 1976; Hammons, 1976), emphasis should
be dlrected toward the use of broad-based genetic populations in which recur-
rent s;l.ecu'on can be practiced. Such procedures are presently being evaluated
for utility in peanuts (Wynne, 1974; Wynne and Isleib, 1980).

{Klthough numerous studies have reported the phenotypic correlation of
traits, few genetic correlations have been reported in peanuts. With in-
adequate c!ata it is impossible to speculate if correlated responses can be used to
select_for increased yield. Since several traits must be considered simultane-
Susly 1?1 a peanut sele_i{tion program, index selection should be practiced. How-

ver, the meager evidence avai i i i
e ft_ ilable suggests that selection for yield per se is
. Early generation testing to eliminate undesirable crosses should be effective
;:LJEOES'T'S w;ucre- alc:idiri;e gen;tic variance is predominant. Perhaps the low

ability for yield and significa i i i
limited the use{)f this procgedure xnnt g::r?;¥£e ¥ environment interactions have

The ado;.)t‘ion of the multiline method used by Norden (1980) may be help-
ful in obraining cultivar stability and adaptation to a wider production arel;
The presence of large genotype x environment interactions for yield sug est;
that br_eeders should adopt a multiline procedure or evaluate pure line cult%v s
for 'IELIGII stability and adaptation over a range of environments. "

€ quantitative generic data in peanuts are so mea i
;-;tbout their upplications on breeding procedures is hazard:)gtfsr ; ttl;:lii?l;fiiiuii?:)g:}
information is obtained, the peanut breeder cannot be confident that he is

us[ng the most efﬂClent [EChnlques mn dev p ut lllz a cul-
elo 1n and

CYTOPLASMIC INHERITANCE

A character may be controlled by both nuclear and cytoplasmic factors or b
the interaction of nuclear and cytoplasmic components. Most traits arﬁ
thought to be under nuclear genic control although a few traits have been dem-
onstrated to be under cytoplasmic control. In most crop plants chlorophyll de-
ficiencies and male sterility have been shown to be cytoplasmically i}:hy;rited
(Harvey et al., 1972). Comparatively few agronomic traits in the peanut have
been reported to be controlled by the cytoplasm. Husted (1934) suggested that
cytoplasmic effects influenced growth habit of F, plants from reciprocal crosses
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involving parents with prostrate and erect growth habit.

Ashri (1964, 1968a,b) reported that reciprocal cross differences in growth
habit were found when the Israeli line Virginia Beit Dagan (V4) was crossed to
any of several other peanut lines. Ashri (1964) designated the 2 cytoplasms as
V4 and Others. When V4 was used as the female parent, all F, progenies had a
runner growth habit. In Others cytoplasm F, plants had a bunch growth habit.
The F, segregation within V4 cytoplasms produced a good fit to 2 9 runner:7
bunch ratio, while segregation in the Others cytoplasm gave a 5 runner:11
bunch ratio. Ashri (1964) assigned the genotype Hb, Hb, hb, hb, to the V4
parent and bb, hb, Hb, Hb, to the Others parent. Ashri (1968a) revised his
model, indicating that Hb, -Hb,- genotypes produced runners in V4 cyto-
plasm while all other genotypes produced bunch plants. Conversely, in the
Others cytoplasm, genotypes Hb, -Hb, Hb, ot Hb, Hb, Hb,- produced runners
bue all other genotypes have bunch growth habits. A third cytoplasm G and a
third locus Hbs- were reported by Ashri (1976). In the G cytoplasm the Hb,
and Hbs- show complementary gene action. Hb, and Hbs are complementary
in V4 cytoplasm while Hb, and Hb are additive in the Others cytoplasm.

The plasmon constitution of 68 different peanut lines was studied in crosses
with 1 of 3 testers having the V4, O, or G plasmons (Ashri, 1976). It was con-
cluded that the G and V4 plasmons are rare; the O plasmon is widespread,
being present in at least 3 of the 4 botanical varieties of cultivated peanuts.
Ashri and Levy (1976) have used gamma-rays and chemical mutagens to in-
duce at least 14 cytoplasmic mutants that influence growth habit in peanuts.
However, Resslar and Emery (1978) suggested that the differences in growth
habit observed by Ashri are due to dissipating maternal effects of the V4 parent
rather than cytoplasmic inheritance per se.

A few additional studies have reported that factors other than nuclear genes
influence the inheritance of characters in the peanut. Significant maternal ef-
fects were observed by Parker et al. (1970). Characters showing maternal ef-
fects were number of leaves, cotyledonary branches and leaf width.

Pod constriction was found to be influenced by the cytoplasm by Coffelt and
Hammons (1974b). They reported that Argentine and Early Runner cyto-
plasms affected the F, segregation ratios in the reciprocal crosses made between
the 2 cultivars.

Wynne and Emery (1974) found significant reciprocal cross differences for
intersubspecific crosses grown in the phytotron. Reciprocal crosses of virginia
x spanish lines were different for days to first flower, plant height, number of
fruit per plant and fruit weight. Reciprocals of a valencia x spanish cross were
different for plant height, number of fruit, number of pegs and fruit weight. In
both crosses means were superior when the spanish line was used as the female
parent.

Crompton et al. (1979) found reciprocal cross differences for seed calcium
concentration for a 6-parent diallel. They concluded that reciprocal cross dif-
ferences could not be explained on the basis of maternal effects alone but must
have resulted from cytoplasmic differences. Crosses involving NC 4, a virginia
cultivar from North Carolina, and a spanish line (P] 123643) accounted for the
significant variation. Garet (1976) found reciprocal ctross effects to be signifi-
cant for yield, fruit and seed size and shelling percentage in a 5-parent diallel of
diverse genotypes. Reciprocal cross differences were due to differences ob-
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served for the cross of KH 3278, an early maturing line. wi -
cultivaf from the USA, and PR64B, a lirz’e developgd in i\{:;;:rf 11920, 2

Layrisse etal. (1980) also found differences among reciprocal crosses for fruit
length, fr.mt weight and oil + protein percentage in a 10-parent diallel of di-
verse cultivars. They concluded that these differences were produced by the in-
teraction of nuclear and cytoplasmic factors. These examples of agronomic
traits wh{ch are, or may be controlled by, extrachromosomal factors, and the
studies cited ear!ier in this chapter demonstrate how few traits h::we been
shown to be outside nuclear genic control. The paucity of our present knowl-
edge is partly due to the difficulty of demonstrating differences in cytoplasmic
factor§ and the lack of concentrated research efforts in this area. A peanut
geneticist can alter more characteristics by manipulation of nuclear genes than
by manipulating plasmogenes. Nevertheless, in the cases where cytoplasmic
factors exert contro_l over a trait, they may be useful. A systematic search for ex-
trachromosomally inherited traits such as cytoplasmic male sterility would be
valuable in exploiting useful genetic variability in the peanut.
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Chapter 4

BREEDING OF THE CULTIVATED PEANUT

ALLAN J. NORDEN, OLIN D. SMITH AND DANIEL W. GORBET

Peanuts (Arachis hypogaea L.) are the most widespread and potentially the
most important food legume in the world. The object of peanut breeding is to
develop this potential by creating cultivars which meet the demands of the
peanut grower, processor, and consumer.

Branch (1979), with the aid of several U. S. peanut breeders, recently com-
piled a list of peanut breeding goals. These, classified according to needs of dif-
fering industry segments, included: for growers - higher yields, pest resis-
tance, and environmental stress-tolerance; for processors - more uniform
maturity and more favorable shelling and blanching characteristics; and for the
consumer - improved nutritional seed properties with fruit and seed of pre-
ferred shape, size, texture, color, flavor, and aroma.

An extensive explanation of the peanut breeding process and the progress
which has been made towards achieving these goals has been written in the
book “Peanuts:Culture and Uses” (Norden, 1973). This chapter reports cur-
rent progress in peanut breeding programs and examines the problems facing
these programs in the fucure.

GENETIC VARIABILITY

As Gregory (1962) pointed out, the basic resources upon which a
plant breeder must draw for genetic material are finite and exhaustible. These
basic sources are: 1) the hereditary differences among cultivars of cultivated
peanuts; 2) the differences that may be created artificially by the use of muta-
gens; and 3) differences which occur among the wild relaives of the cultivated
species. The genus Arachis originated in South America (Krapovickas, 1973;
Smartt et al., 1978) and extends over more than 2.6 million km? of the conti-
nent (Banks, 1976). This genus includes 50 or more species from 7 clearly dif-
ferentiated taxonomic sections. The cultivated peanut is thought to have origi-
nated as a wild allotetraploid between the quasi-annual A. batizecoi and the pe-
rennial A. cardenasii nom. nud. (Gregory et al., 1980).

Plant Introduction

Collections of peanut germplasm in the USA are fairly extensive. The bulk
of the present collection was obtained through collection expeditions spon-
sored by the USDA with the cooperation of state experiment stations and for-
eign countries. Further explorations in South America are needed before this
valuable germplasm is lost. ' _—

The most complete catalogued collection in the USA which is accessible to
plant breeders is the one maintained by the Southern Regional Plant Introduc-
tion Station at Experiment, Georgia. Approximately 4,000 accessions are



