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CYTOLOGICAL AND INTERFERTILITY RELATIONSHIPS OF
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Twenty-nine recently introduced diplo.d (2n = 2x = 20) accessions of section Arachis plus
an A. correnting (Burk) Krap. et Greg. nom. nud. control were hybridized to the diploid
A-genonie species A. duranensis Krap. et Greg, nom. nud. (acc. 7988), the diploid B-genome
species . batizocoi Krap. et Greg. (ace. 9484), and with two subspecies of the A-B genome (2n
= 4x = 40) A. hypogaea cultivars NC 4 and Argentine. Most attempted crosses were successful
and the resulting plants were vigorous. However, A. batizocoi x accession 30008 hybrids died
as scedlings and A. batizocoi x accession 30017 produced only dwarf plants. The 710 diploid
Fis from . batizocoi were generally sterile, while those from A, duranensis had fertility ranges
from 5% to 84%. Meiotic chromosome relationships in diploid crosses were cytologically eval-
uated in 185 plants plus tester accessions. Most taxa in section Arachis have an A genome, only
A. batizocoi accessions have a B genome, a D genome is represented by accessions 30091 and
30099. anc o other genomic groups, represented by accessions 30011 and 30033, may be
present in the section. Most cytological differentiation was found among species originally
collected in southern and eastern Bolivia. On the other hand, species collected at the extremes
of the distribution of section Arachis specics (northern Argentina to north-central Brazil) were
cytologically very similar. Evidence is presented for speciation in Arachis being associated with
both genetic differentiation and with translocated chromosomes. All taxa in the section except
the D-genome species are believed to be cross-compatible with . hypogaea. so germplasm

introgression from most Arachis species should be possible.

Members of the genus Arachis are native to
South America and consist of a diverse group
of taxa. -rachis is distinguished from other
gencra by flowering abnve the ground but pro-
ducing fruits and seeds below the soil surface.
The possibly 50 or more species have been
grouped into seven scctions (Krapovickas,
1969, 1973; Gregory et al., 1973). Most species
are diploid (2n = 2x = 20), while poilyploid
(2n = 4x = 40) species have cvolved indepen-
dently in sections Arachis and Rhizomatosoe
(Smartt and Stalker, 1981).

Species of section Arachis are of special in-
terest to both botanists and geneticists because
the cultivated peanut, A. hypogaea L. (2n = 4x
= 40), is a member of the group. Other species
of this section will hybridize with A. hypogaea
(Smartt and Gregory, 1967; Gregory and Greg-
ory, 1979; Pompeu, 1983), and the taxonomic
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closeness makes biosystematic information in
section Arachis important for germplasm uti-
lization. These taxa are widely distributed in
central and southern Brazil, Argentina, Boliv-
ia, Paraguay, and Uruguay (Valls et 2l., 1985).
Distinguishing characters of scction Arachis are
tap roots but no adventitious roots, vertical
pegs (modified gynophores), and flowers with-
outred veins on the back of the standard (Greg-
ory et al., 1973; Resslar, 1980). To date, four
diploid species have been validly described,
and eight additional species names without de-
scriptions commonly appear in the literature
(Resslar, 1980). However, many additional
species are likely present in Arachis germplasm
collections among the 60 annual and 98 pe-
rennial diploid accessions of section Arachis
collected between 1936 and 1983 (Valls et al.,
1985). A taxonomic revision is greatly nceded
for both section Arachis and for the genus as
a whole (Stalker and Moss, 1987).

Based on the analysis of a limited number
of accessions (see Smartt and Stalker, 1981;
Stalker and Moss, 1987), gecnomes have been
designated cytolcgically in section Arachis.
Many species of this group havc an A genome,
A. batizocoi Krap. et Greg. has a B genome,
and A. sp. (represented by accessions 30091
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and 30099) has a D genome (Smartt and Stalk-
er, 1981; Stalker, 1985). The cultivated peanut
and its tetraploid progenitor species .. son-
ticola Krap. et Rig. combine both the A and
B genomes. Interspecific hybrids can be ob-
tained in the greenhouse among all species in
section Arachis, although reciprocal crosses can
be difficult to make (Gregory and Gregory,
1979). First generation hybrids among diploid
A-genome species range in fertility from 20%
to 95%, and chromosomes usually associate as
ten bivalents (Raman, 1976; Resslar and Greg-
ory, 1979; Stalker and Wynne, 1979; Singh and
Moss, 1984). However, when 1. batizocoi is
used as a parent with other taxa, interspeciiic
hybrids are sterile, and a range of two to ten
univalents and laggards is observed (Smartt,
Gregory, and Gregory, 1978a; Stalker and
Wynne, 1979; Singh and Moss, 1984).

The somatic chromosomes of rachis spe-
cies are small and mostly median or slightly
submedian (Stalker and Dalmacio, 1981; Singh
and Moss, 1982). Karyotype data gen-~rally
support the A and B genomic groupings which
were designated based on cross-compatibility
dataand the presence orabsence of'a very small
chromosome pair (Smartt, Gregory, and Greg-
ory, 1978a, b).

The purpose of this paper is to preseni results
from a study of section Arachis taxa using a
larger number of accessions than has been at-
tempted previously. Morphological, cytologi-
cal, and geographical information has been used
to evaluate variability and syitematic rela-
tionships of taxa in the group. The objective
of this investigation is to further define species
variation cytologically in section Arachis by
analyzing fertility and meiotic relationships of
F, hybrids.

MATERIALS AND METHODS

Thirty-two accessions of Arachis species that
had been collected in South America (Gregory
et al., 1973; Simpson and Higgins, 1984) (Ta-
ble 1; Fig. 1) were used in crossing experiments.
Twenty-one accessions were obtained from D.
Banks, U.S. curator for Arachis species at Still-
water, Oklahoma in 1979 and 1981 six were
obtained from C. Simpson of Texas A&M Uni-
versity, Stephenville, Texas during 1982 and
two accessions (6536 and 7762) were collected
in 1984 by the senior author. In addition, tiie
previously identified perennial A-genome spe-
cies A. correntina Krap. et Greg. nom. nud.
(GKP 9530, PI 262808) plus annual ;pecies A.
duranensis Krap. et Greg. nom. nud. K 7988,
PI 219823 and A. batizocoi, K 9484, P1298639
were already in the North Carolina collection
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Fig. 1. Approximate locations in South Amcrica of
original collection sites for 32 rachis accessions.

priorto 1979, A cluster analysis was conducted
on 27 seed-producing taxa using a SAS com-
puter program based on the unweighted pair
group method with arithmetic averages (Sneath
and Sokal, 1973). Ten leaf, 1 | leaflet, cight pod,
tix seed, two peg, seven flower, and ten branch
or plant habit traits were scored on cach of
three plants at 90 to 95 days after planting.
The diploid species A. duranensis (A ge-
nome) and 1. hatizocoi (B genome) were used
as female parents in crossing programs during
the summers of 1980 to 1984 with the 30 ac-
cessions introduced to North Carolina from
South America; . correntina accession 9530;
and each other, in reciprocal. Flowers were
hand-emasculated during the afternoon be-
iween 3 and 5 p.m. and then pollinated the
following morning between 8 and 10 a.m. Non-
emasculated flowers were removed from fe-
male parents between 7 and 8 a.m. to prevent
self-fertilization. Seedlings found at the time
of harvest (60 days after the lasi pollination
for a cross) were transplanted inte a pot and
maintained in the greenhouse. Seeds from
crosses were harvested, dried, and planted the
following spring in the greenhcuse. Hybrids
were confirmed by morphological observa-
tions and by estimating male fertility levels for
at least 300 pollen grains of two flowers col-
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TasLe 1. dccessions of Arachis and their collection sites used in crosses and cytological analyses
Accession Pl Lati- Longi-

Entry Collector* number No. Species tude tude Locatity

1. VSGr 6331 476045 A. helodes 16.20 56.44 Mato Grosso, Brazil

2. VSGr 6352 476109 A. helodes 15.56 57.47 Mato Grosso, Brazil

3. VKRSv 6536 - A. sp. 9.47 48.70 Goias, Brazi}

4. VSS1Gyw 7762 - A sp. 15.25 52.72 Mato Grosso, Brazil

S. K 7988 219823 A duranensis 22.19 63.43 Salta, Argentina

6. K 9484 298639 4. batizocoi 20.50 63.14 Santa Cruz, Bolivia

7. GK 9530 262808 A. corre:ting 27.33 58.46 Corrientes, Argentina

8. GK 30001 468141 A. diogoi 17.40 57.45 Mato Grosso, Brazil

9. GK 30005 Jo8142 A. diogoi 17.47 57.40 Mato Grosso, Brazil
10. GK 30006 468150 . sp. 18.08 57.30 Mato Grosso, Brazil
11 GK 30008 468152 . sp. 19.02 56.39 Mato Grosso, Brazil
12, GK 30011 468154 A sp. 19.11 57.29 Mato Grosso, Brazil
13. GK 30017 468159 A. sp. 20.21 55.51 Mato Grosso, Brazil
14 GK 30031 468146 A. helodes 16.02 57.07 Mato Grosso, Brazil
15 GK 30033 468166 A. sp. 16.18 57.28 Mato Grosso, Brazii
16. GK 30034 468167 A. sp. 16.08 57.16 Mato Grosso, Brazil
17. GK 30035 468168 . sp. 16.05 57.15 Mato Grosso, Jrazil
18. GKBSPSc 30064 468200 A. sp. 24.23 65.70 Jujuy. Argentina

19. GKBSPSc 30076 468322 A ipaensis 21.00 63.24 Tarija, Boliva
20. GKBSPSc 30081 468327 A batizoc 19.40 63.41 Santa Cruz, Bolivia
21, GKBSPScz 30084 468330 A sp 17.19 63.18 Santa Cruz, Bolivia
22 GKBSPScZ 30085 468331 A. sp. 17.23 63.28 Santa Cruz, Bolivia
23, GKSSc 30091 468336 ROENTE 16.29 62.05 Santa Cruz, Bolivia
24, GKSSc 30099 468342 4. sp. 16.36 61.01 Santa Cruz, Bolivia
25, GKSSc 30102 468345 . Sp. 16.10 61.02 Santa Cruz, solivia
26. GKPSc 30106 468534 A sp. 2722 57.05 Misiones, Paraguay
27. GKPSc 301n8 468356 . sp. 25.26 57.16 Central, Paraguay
28. GKSPScGb 3500, 475873 A sp. 17.1 63.18 Santa Cruz, Bolivia
29, GKSPScGb 35003 475875 A. sp. 17.22 63.29 Santa Cruz, Bolivia
30. KSSc 36031 476010 .. sp, 17.50 6(.45 Santa Cruz, Bolivia
31, KSSc 36032 476011 A. cardenasir 17.58 60.47 Santa Cruz, Bolivia
32, KSSc 36035 476014 L. cardenasii 17.57 60.50 Santa Cruz, Bolivia

* Abbreviations for collzctors are as follows: B = D. J. Banks. G = W. C. Gregory. Gb := R. W. Gibbons, Gr = A.
Gripp. Gy = 1. J. Godoy, ¥ = A. Krapovickas. P = I. Pietrarelli, R = V. R, Rao, § = C. E. Simpson. Sc¢ = A. Schinini,
St =H. T. Statker, Sv = G. P. Silva, V = J. F. M. Valls, W = W. L. Werneck, and Z = H. Zuritz O.

lected on different duys for each plant (Pitten-
ger and Frolik, 1951).

F, hybrids were grows in pots in the green-
honse dur.ng the summere of ;¢81 1o 1988 to
analyze meiotic chromosome relatiorships.
Flower buds were collected between § and 9
a.m. and thei fixed and stered in Carnoy’s
solution. Anthers were squashed in acetocar-
mine using plastic needles to avoid adding iron
into solutions. Chromosome associations were
confirmed by cbserving the early metaphase
stage 1 microsporocytes.

Twenty-three diploid Arachis accessions were
also hybridized with two 4. hypogaea cultivars
representing subspecies hypogaca var. hypo-
gaea (cv. NC 4) and subspecies fastigiata sar.
vidlgaris (cv. Argentine). Cultivars were ini-
tially used as the female parent, but reciprocal
hybrids were also attempted. Interspecific hy-
brids were identified by observing plant mor-
phology, by scoring male feriility as described
above. and by observations c¢f nonpegging
plants.

RESULTS

Accessions were chosen for study that rep-
resented a range of variability among intro-
duced taxa of section Arachis. Of the 32 entries
used for cytological and crossing studies, 26
produced sceds and were measured for traits
used in a cluster analysis (Fig. 2). Based on the
grouping of accessiors of species A. batizocoi
(9434 and 30081’ and A. diogoi (30001 and
30005), at least ten species may t. represented
among entries in the cluster analysis. Acces-
sions of other species were more variable, how-
ever, and members of A. cardenasii and A.
helodes did not form good groups. The sia
accessions for which seeds were not available
(30031, 30033, 30035, 30102, 30106, and
30108) included a third entry of . helodes
(30031) and at least three additional unique
taxa.

Crossing programs were conducted during a
7-yr period tc acquire the F, hybrids listed in
Tables 2 and 3. Many hybrids wecre difficult to
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Fig. 2. Phenogram from clusler analysis of 26 section
Arachis accessicns based on taxonomic distance coelli-
cienls using 23 reproductive and 31 vegetative traits.

obtain because respective male parents had
poor flower production when female plants were
blooming. Further, even though care was taken
to remove nonemasculated flowers, occasional
plants resulting from selfed seeds were dis-
carded. For most cross combinations the ma-
turing hybrid seeds eerminated by the time of
normal harvest (abo: 60 days after pollina-
tion), whereas selfed seeds always remained
dormant. The following results are reported
according to genomic classificaticn of the fe-
maie parent used :n crossing programs.

A-genome rnterspecific hybrids —Twenty-
eight of 30 attempted interspecific hybrids be-
tween the A-genome species A. duranensis and
other taxa in the section Aractis were obtained
(Table 2). A total of 3,495 pollinations yielded
322 hybrids, or an overall success rate of 9.9 [%.
The two accessions of A. diogoi (30001 and
30005) and an unnamed species accession
30017 were the ecasiest to cross with A. dura-
nensis where more than 25% of pollinations
resulted in hybrids. On the other hand, 51 and
81 pollinations with accessions 30035 and
30076, respectively, did not result in hybrids.

Pollen viability of the interspecific hybrids
varied greatly among the individual cross com-
binations, but generally ranged between 35%
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and 60% (Table 2). When a plant had above
50% fertility, pegging was usually observed on
hybrid plants. Very low fertility levels were
observed for plants of several hybrid combi-
nations, including crosses with accessions 9484,
30084, 30091, and 30099 (Table 2). Because
9484 (A. batizocoi) is the B-genome control in
the crossing sct, the results for this cross were
expected. Surprisingly, 12 plants of a second
A.duranensis x A. batizocoi (accession 30081)
hybrid were semifertile and averaged 28.14%
stained pollen. Since 600 pollen grains were
scored for each of the 12 plants, the percentage
has a high confidence level. The remaining three
hybrids which were mostly sterile accessions
included two entries (30091 and 30099) which
are members of the same species and accession
30084 which represents a second taxa.

Meiotic chromosome pairing in F, plants
was next analyzed to better evaluate species
relationships. For comparisons, pollen mother
cells (PMCs) of selfed . duranensis averaged
0.051+ 9.98 Il a::d 19.63 chiasmata, whereas
A. duranensis x A, batizocoi averaged 5.30 !
+ 7.35 I and 7.99 chiasmata per PMC. Thus,
expectations are for a high number of bivalents
and high chiasmata frequency in PMCs for
closely related species and significantly lower
frequencies for more distantly related taxa.

A low, but consistent, number of univalents
was observed across the group of 90 F| hybrids
between 28 accessions and . durancensis. This
indicates that at least some differentiation has
occurred between the genome of .. duranensis
and the other taxa. Howcver, most of the hy-
brids had high chiasmata frequencies and must
be considered to have the same A genomic
complement as . duranensis (Table 2).

Althougk most F, hybrids were cytologically
very similar to the A genome of A. duranensis,
several hybrids were observed with cytological
abnonmalities such as univalents and lag-
gards—e.g., the two A. batizocoi (9484 and
30081) crosses. Although the A. duranensis x
A. batizocoi (accession 3008 1) hybrid had 28%
pollen stained, the five cytologically analyzed
plants averaged 7.631 + 6.17 Il and 8.41 chi-
asmata per PMC. Stained pollen is thus an
indicator, but not truly definitive of cytological
homology in Arachis. Univalents and/or low
chiasmata frequencies were also observed for
hybrids between A. duranensis and accessions
30011, 30033, 30091, 30099, and 30102.

Inaddition to univalents and bivalents, mul-
tivalents were observed in the two hybrid com-
binations 7988 x 30008 and 7988 x 30085.
The frequency of trivalents or quadrivalents
was very low at 0.1 per PMC in the two crosscs
(Table 2). The most likely cause of these mul-
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Krap. et Greg. nom. nud. and section Arachis accessions
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Pollen staii:ability and chromosome associations of first generation hybrids between A
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-genome A duranensis

Mciosis
Number Pollen -
stain- Number Avercge

Cross ability

(7988 x) Pollinations  Hybnds {%0) Plants Cells 1 n 11 v Chiasmala
® - - 98.0 6 171 0.05 9.98 - - 19.63

6331 52 5 66.8 2 130 0.05 9.98 —_ - 18.76

6352 45 1 49.8 1 50 0 10.00 - - 19.20

6536 138 7 68.4 2 151 0.21 9.89 - - 18.60

7762 134 7 43.7 3 187 0.04 9.98 — - 19.52

9484 113 2 6.2 1 75 5.30 7.35 - - 7.99

9530 46 7 83.5 4 204 0.06 9.99 - - 18.41
30001 86 31 43.6 4 232 0 10.00 - - 18.28
30005 85 22 39.0 4 148 0.34 9.83 - - 17.16
30006 160 8 11.8 4 149 0.11 9.94 - — 17.22
30008 198 14 233 4 150 0.21 9.86 0.01 0.01 18.76
30011 215 11 26.5 4 199 7.59 6.25 - - 7.23
30017 156 31 63.4 4 164 0 10.00 - - 17.24
30031 54 16 36.5 3 155 .90 9.50 - - 15.60
30033 35 | 334 1 50 2.76 8.62 - - 11.82
30034 117 5 35.6 3 99 0.08 9.95 - - 16.98
30035 51 0 - - - — - - - -
30064 142 6 58.2 2 78 1.35 9..3 - - 16.74
30076 81 0 - - - - - - - -
30081 79 12 28.1 5 150 7.63 6.17 - - 8.41
30084 139 11 5.7 2 49 0.78 9.61 - - 17.10
30085 149 9 36.4 5 191 0.14 9.92 - 0.01 18.20
30091 132 4 10.8 1 75 10.00 5.10 - - 5.80
30099 108 2 5.3 I 50 7.00 6.50 - - 7.50
30102 187 11 46.3 6 231 0 10.00 - - 13.85
30106 133 22 72.5 4 200 0.01 10.00 - - 18.39
30108 192 32 54.7 4 307 0 10.00 - - 17.27
35001 113 11 60.9 3 174 0.24 9.89 - - 19.50
35003 186 18 57.0 4 156 0.15 9.92 - - 17.93
36031 66 6 54.2 4 199 0.05 9.97 - - 18.52
36032 23 2 47.3 | 50 0 10.00 - - 19.98
36035 _80 8 557 4 150 0.15 9.92 - - 17.93
Totals 3.495 322 90 4,203

tivalents is reciprocal translocations between
A. duranensis and the other taxa.

A. batizocoi hybrids — There were 3,176 pol-
linations that resulted in 388 interspecific hy-
brids with A. batizocoi. This represented a
12.4% success rate which was slightly higher
than when the same accessions were crossed
with A. duranensis. One intraspecific hybrid
was also obtained (9484 x 30081) at approx-
imately the same success rate as interspecific
hybrids (Table 3). Only accessions 6352 and
6536 failed to hybridize with 4. batizocoi even
though 94 and 76 pollinations, respectively,
were made. Further, all F, hybrids with ac-
cession 30008 dicd as seedlings, and F, hybrids
withaccession 30017 were extremely small and
failed to flower. At the other morphological
extreme were plants of the cross 9484 x 3001 |
which had gigas plant parts, including branches
that reached more than 7 m in length.

Pollen fertility was very low, approaching
zero, in all interspecific hybrids with A. bati-

zocoi (Table 3). Further, pegs were never ob-
served on interspecific A. batizocoi hybrids
which indicated complete reproductive steril-
ity. However, the intraspecific hybrids with
accession 30081 averaged 85.7% pollen stained,
and many pegs were produced on all plants.

PMCs of se'fed A. batizocoi plants all had
ten bivalents and averaged 19.06 chiasmata.
The B x A genome cross 9484 x 7988 av-
eraged 7.14 I + 6.45 11, with a chiasmata fre-
quency of 8.98. Although more than half of
the chromosomes paired, many bivalents were
only looscly associated. Most interspecific hy-
brids between A. batizocoi and the other 29
accessions had six to cight bivalents per PMC,
but chiasmata frequencies fewer than 12 (Table
3). Thus, approximately half of the potential
chromosome associations were observed when
A. batizocoi was used as a female parent with
other species in section Arachis.

The intraspecific hybrid 9484 x 30081 (B
X B genomes) averaged 0.09 I + 9.75 II +
0.10 IV per PMC and had a high chiasmata
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TABLE 3.
Krap. et Greg. and section Arachis species
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Pollen stainability and chromosome associaiions of first generation hybrids between B-genome A. batizocoi

Mciosis
Number Follen
— 5iain- Number Average

Cross ability
(9483 x) Pollinations Hybrids (") Plants Cells 1 I ] v Chiasmata

® - — 99.1 3 83 0 10.00 — - 19.06

6331 83 3 0.6 4 217 10.37 4.82 - - 6.83

6352 9. C — — - - - — - -

$236 76 0 - - - - - - - -

71762 38 7 1.3 5 156 6.46 6.77 - - 10.91

7988 118 8 13 3 150 7.14 6.45 - - 8.98

9530 116 10 1.6 7 225 7.38 6.31 - - 9.51
30001 69 35 0.4 4 139 6.50 6.7¢ - - 7.71
30005 60 37 9 1 50 5.70 7.14 - - 7.40
30006 87 11 0.4 3 218 6.26 6.85 - - 8.50
30008 307 5# - - - - - - - -
30011 128 21 6.8 4 150 3.35 8.32 - - 10.18
30017 202 4r — - - — - - - -
30031 83 11 4.1 3 165 7.32 6.33 - - 7.91
30033 — - - - - - - - - -
30034 123 6 1.8 —_ — — - - - -
30035 165 3 0.5 2 101 6.77 6.61 - - 8.85
30064 51 4 0 - - — - - - -
30076 106 7 0.8 2 57 4.42 7.79 - - 12.47
30081 84 7 85.7 4 136 0.09 9.75 - 0.10 19.07
30084 Grey 24 0.2 9 213 7.87 6.07 - - 6.43
30085 119 14 0 4 130 9.27 5.36 C.01 - 1.70
30091 233 19 1.8 6 277 3.29 8.36 - - 12.08
30099 52 4 21 2 101 2.38 8.81 - - 10.61
30102 55 6 1.3 3 186 5.83 7.08 - - 9.33
30106 111 39 0.9 6 150 6.35 6.83 - - 11.00
30108 131 24 0.8 3 214 4.91 7.55 — - 10.81
35001 30 16 1.7 4 150 8.23 5.87 - - 9.63
35003 125 23 0.4 5 150 10.36 4.82 - - 7.14
36031 56 I 0 3 140 8.24 5.84 0.02 - 8.33
36032 30 13 2.4 2 134 6.60 6.60 - - 9.20
36033 80 15 1.0 6 150 6.85 6.57 - - 9.69
Totals 3176 383 °5 3776

* Seedlings died.
* Dwarf seclings without flowers,

frequency equal to that of seifed 4. batizocoi
(Table 3). Multivalents werc also observed in
the 1two inierspecific hybrids 9484 x 30085
and 9484 x 36031, but at very low frequency
(Table 3). Translocations are likely causes of
the multivalents, at least in the intraspecific
hybrids.

A. hypegaca hybrids—Cultivars NC 4 and
Argentine were hybridized as female parents
with 23 and 22 diploid accessions of section
Arachis, respectively (Table 4). In addition,
reciprocal crosses were made using 15 and 14
diploids with NC 4 and Argenting, respectively
(Table 4). Hybrids werc easily identified baszd
on interinediate plant morpholagy and very
low pollen stainability. Although interspecific
hybrids were generally vigorous, seminecrotic
F,s were also observed for the hybrid combi-
nation Argentine X accession 30102. Recip-
rocal crosses were not attempted because this

diptoid accession does not set pegs or pods in
the greenhousc in North Carolina. Similar phe-
notypes have also been observed in other cul-
tivated x diploid species crosses, such as NC
4 x . chacoense Krap. ¢t Greg. nom. nud.
(accession GKP 10602). but not for the recip-
rocal hybrid (unpublished data).

Although the cultivars were successfully used
in crosses with most taxa, success rates varied
significantly among the two cultivars and
among reciprocal crosses. Arachis hypogaea is
a ‘good’ female parent when used in crosses
with accessions 9530, 30005, 30008, 30031,
and 30108, but a ‘poor’ male parent. However,
the diploid accessions 9484 and 30011 were
much better female parents when hybridized
with either cultivar. Overall, when NC 4 was
used as a female parent, 3.01% of pollinations
were successful, whereas only 1.07% of the re-
ciprocal pollinations resulted in hybrids. A
similar rend was observed for Argentine where
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TaBLe 4. Number of hybrids produced between Arachis  TABLE 4. Continued
hypogaea L. and diploid accessions of secton Arachis
No. pollina-
No. poltina- Cross tions No. hybrids % Hybrids
Cross tions No. hybrids ™ Hybrids 30099 » NC 4 57 0 0
NC 4 x 6331 43 0 0 30099 x Argentine 54 0 0
Argentine x 6331 65 16 16.8 NC 4 x 30102 52 13 25.0
NC4 x 6352 39 2 5.1 Argentine x 30102 115 He 9.5
Argentine x 6352 59 10 16.9 NC 4 x 30106 78 11 14.1
NC 4 x 6536 79 0 0 Argentine x 30106 101 10 9.9
NC 4 x 7762 42 1 23 NC 4 x 30108 43 7 16.2
Argentine x 7762 18 0 0 Argentine x 30108 24 7 29.1
Argentine x 7988 137 11 8.0 30108 x NC 4 114 0 0
NC 4 x 7988 145 1 0.6 30108 x Argentine 111 0 0
7988 x NC 4 ) 113 3 2.7 + Seminecratic pl
7988 x Argentine 150 8 5.3 plants.
NC 4 x 9484 219 0 0
gggg":"rﬂ(’f 49484 ';g g (')3 5.25% of pollinations produced hybrids when
9484 x Argentine 99 3 3.0 it was used as the female, but only 2.12% when
NC 4 x 9530 127 2 1.6 the diploid species were females. Although fe-
Argentine x 9530 104 9 8.7 male plantsofthe subsp. fastigiata var. vulgaris
9530 x NC 4 299 0 0 cultivar appeared to be a better pareat than
9530 x Argentine 237 0 0 the subsp. hypogaca var. hypogaca genotype,
:f;ﬂ’i‘ngof%oos :?5' g’ };Z the higher percentage of 2.12 for Argentine
30805 x NC 4 268 0 0 males was largely due to the one cross 30011
30005 x Argentine 216 1 0.5 x Argentine, where more than half of the total
NC 4 x 30006 86 9 10.5 hybrid progenies came from this combination.
Argentine x 30006 96 6 6.3 Hybrids were not obtained for any polli-
30006 x NC 4 144 6 4.2 nations when accessions 30076, 6536, 30091,
SNOg?;() "3’8{)%'38"“"’3 :g; 2 1.3 or 30099 were used as parents. For 30076 and
Argcm);nc % 30008 203 1(2) g:; 6536 the failure to obtain hybrids was likely
30008 x NC 4 232 0 0 due to using only cultivar NC 4 and not at-
30008 x Argentine 237 ] 0.4 tempting reciprocals. However, 1.357 polli-
NC 4 x 30011 172 0 0 nations with the accessions 30091 and 30099
Argentine x 30011 194 2 1.0 were made with both Argentine and NC 4, in
ggg“ ::rcp;c‘t)linc igj ig “7-8 reciprocal. Thus, the species represented by
NC 4 x 30017 104 5 19 these two accessions can be considered as truly
Argentine x 30017 97 5 51 cross-incompatible with A. hypogaca.
30017 x NC 4 405 1 0.2
30017 x Argentine 395 | 0.3
NC 4 x 30031 74 2 2.7 DISCUSSION
?Orgg';":CNxC34003| égg (2) (|),9 A considerable range of morphological vari-
30031 x Argentine 258 0 0 ation was observed among the 32 accessions
NC 4 x 30034 125 9 7.2 of section Arachis species. Obvious differences
Argentine x 30034 82 5 6.1 were observed for leaf shapes, flower sizes,
30034 x NC 4 99 0 0 growth habits, presence or absence of flowers
:C“ x 30035 110 2 1.8 on the mainstem, sequential vs. alternate ar-
rgentine x 30035 109 8 7.3 .

30035 x NC 4 158 0 0 rangement of flowers on branches, pod retic-
30035 x Argentine 81 1 1.2 ulation, and sced size and shape. Although four
NC 4 x 30076 76 0 0 species have been botanically described and
NC 4 x 30081 182 1 0.5 eight others named in section Arachis (Resslar,
Argentine x 30081 224 0 0 1980), the observations indicated that many
30081 x NC4 66 0 0 additional species should be named.
30081 x Argentine 50 5 10.0 . :
NC 4 x 30085 50 0 0 In general, A. duranc’{zszs had a hlgh lcve! of
Argentine x 30085 53 1 1.9 cytological homology with othertaxa in section
NC 4 x 30091 161 0 0 Arachis. Excluding the two A. batizocoi hy-
Argentine x 30091 141 0 0 brids, 19 of 27 other successful crosses had
30091 x NC 4 98 0 0 chiasmata frequencies ranging between 17 and
IJ\JOC(‘)?:] XX3A06%°9"“"° lgg 8 8 20. Although these taxa could be considered
Argentine x 30099 125 0 0 the same biological species, most of the taxa

are difficult to cross and the resulting hybrids
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are semisterile. Genic, rather than cytological,
differentiation is thus proposed as the mech-
anism for speciation in this group of A-genome
taxa.

In addition to hybrids with very close cy-
tological homology to A. duranensis, the three
accessions 30033, 30102, and 30031 had zhi-
asmata frequenciesof 11.82, 13.85, and 15.60,
respectively. Hybrids with accession 30033 had
many univalents, and obvious differentiation
among the genomes has occurred. Because
plants of accession 30033 died before further
analyses, the status of this taxon is unclear.
However, the hybr'ds . duranensis x 30031
and x 30102 averaged 0.09 and no univalents,
respectively. The chromosomes have obvi-
ously differentiated, but pairing occurs be-
tween all homologues, and separation into
individual genomic groups is unwarranted.
Further, accession 30031 is a representative of
species 4. helodes Martius ex Krap. et Rig.,
but two other accessions of this taxon (6331
and 6352) had almost perfect homology when
hybridized with A. duranensis (Table 2). Thus.
cytological differentiation may have occurred
between accessions of A. helodes as well as
between . duranensis and this species.

The only accessions crossed with . dura-
nensis that had chiasmata frequencies as low
as . duranensis (A genome) x . batizocoi (B
genome) hybrids were with the three unnamed
species represented by 30091 or 30099, 30011,
and 30033. Because accessions 30091 and
30009 produced sterile hybrids with both ge-
nome testers, chiasmata frequencies were low,
and hybrids were not obtained with A. Jypo-
gaea; this species represents a unique genome
as previously suggested by Stalker (1985). Al-
though 30011 is cytologically different from
both tlic A and B genome testers, hybrids were
obtained with the tetraploid species 1. fivpo-
gaea. The genomic classification is somewhat
complicated if one assumes that 4, hypogaea
combines the A and B genomes, but accession
30011 is cytologically of equal distance from
both the A- and B-genome diploids. Further,
preliminary karyotypic data indicate that the
chromosomes of this unnamed species (3001 1)
are gencrally symmetrical, which corresponds
to the ‘normal’ A genome. Perhaps the species
represented by accession 30011 is a true in-
termediate of both the A and B genomic groups.
All plants of accessions 30033 died, so further
characterization was not possible during this
investigation.

Most cytological variation was observed
among species collected in Bolivia as seen by
the presence of A-, B-, and D-genome species
in this region. Although the accession of A.
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duranensis used as the A-genome tester was
from northern Argentina (while several acces-
sions came from the north-central part of Bra-
zil), a high level of chromosome homology ex-
isted between the accessions (for example, the
northernmost taxa of 6536). The conciusion
drawn from these results is that members of
section Arachis with an A genome, or their
immediate ancestors, had an early and wide-
spread distribution. Cytological differentiation
among species then occurred in isolated
areas—for example, in southern and eastern
Bolivia.

Observations of multivalents were not ex-
pected in hybrids between diploid species and
thus warrant further attention. Quadrivalents
were observed between . duranensis (7988)
and accessions 30008 and 30085 and between
A. batizocoi (9484) and accessions 30081,
30085, and 36031. Although the frequency of
multivalents was low, they have also been ob-
served in other diploid crosses by Singh and
Moss (1984). The most likely explanation for
quadrivalents in the interspecific crosses is the
presence of reciprocal translocation hetero-
zygotes. Even though a higher quadrivalent fre-
quency from thosc observed would be expected
in the heterozygotes, the small size of Arachis
chromosomes could have restricted multiva-
lent formation. Translocations are thus hy-
pothesized as a mechanism by which cytolng-
ical differentiation and subsequently speciation
occurs among taxa of the genus.

In summary, analysis of F, interspecific hy-
brids indicated that cytological groups can be
distinguished in section -rachis, where most
havean A genome; only A. batizocoi accessions
have thus far been found with a B genome; and
a D genome is represented by accessions 30091
and 30099. Possibly additional genomic groups
are represented by 30011 or 30G33. Thus, in-
trogression of germplasm from most specics of
section Arachisto the cultivated species should
not be inhibited by genomic isolation of taxa
in section Arachis.
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