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ABSTRACT 

Interspecific hybridization in Arachis is difficult between 
species within sectional groups and nearly impossible among 
more distantly related species. Embryos usually abort early in 
the reproductive cycle; thus in vitro techniques are necessary 
to recover many desirable hybrid combinations in the genus. 
The objectives of this investigation were to develop techniques 
whereby mature plants could be recovered from otherwise 
aborting embryos. First, ovule culture was performed using 
eight genotypes, three levels of kinetin, and the two basal 
media Murashige and Skoog (MS) and N6. Two-tenths mg/L 
kinetin in media resulted in 24% of the ovules swelling to a size 
of 3-4 mm which could be used for excising embryos. Embryo 
culture was next performed on five genotypes. The transfer 
series (1) 0.2 mg/L kinetin for 21 days, (2) 0.5 mg/L 6-ben- 
zylamino-purine (BAP) for 14 days and, (3) MS without growth 
regulators resulted in 34.6% of ovules producing plants across 
genotypes; other transfer series either resulted in a lower per- 
centage of plant recovery and/or tissues of some genotypes 
which did not survive to maturity. The BAP medium induced 
shoot growth, while root growth was induced on the MS with- 
out growth regulator medium. Approximately 90% of embryos 
transferred to a mist system after 7-9 weeks in vitro survived 
transplanting to soil. Two interspecific hybrids were recovered 
from incompatible hexaploid x diploid crosses, but only after 
roots were induced using a MS basal medium with 4 mg/L 1- 
naphthaleneacetic acid:2 mg/L indole-3-butyric acid in a fourth 
tissue transfer. The experiments illustrated the feasibility of 
rescuing embryos of A .  hypogaea and interspecific peanut hy- 
brids. The process is slow and will be most applicable to wide 
crosses which cannot be obtained by more conventional 
methods. 

Key Words: Embryo culture, ovule culture, tissue culture, 
interspecific hybrids, Arachis. 

A large number of Arachis species can potentially be 
utilized to improve the cultivated peanut (A. hypogaea 
L. ). Several 40-chromosome populations have been de- 
rived after crossing A. hypogaea with other members of 
the genus (13,24), but hybrids have been restricted to 
members of section Arachis. Johansen and Smith (9) at- 
tributed failures to obtain A.  hypogaea x A. diogoi 
Hoehne [not true diogoi vide Gregory and Gregory (5)]  
to slow growth and degeneration of the embryo accom- 
panied by hypertrophy of integuments. In an A.  
hypogaea x A.  glabrata Benth. cross, Murty et al. (15) 
found up to a 48-hr delay in fertilization and early em- 
bryo abortion. Sastri and Moss (20) observed large cal- 
lose plugs along pollen tubes of A. monticola Krap. et 
Rig. pollinated with A. sp. coll. PI 276233 of section 
Rhizomatosae, but fertilization apparently took place in 
at least some of the crosses which subsequently aborted. 
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Interspecific hybrids can abort as early as 6 days after 
fertilization (for example, in diploid x hexaploid crosses 
in section Arachis) or remain viable but undeveloped 
until the time of normal maturity (for example, hexap- 
loid x diploid crosses in section Arachis) (6,7). Recovery 
of many interspecific hybrids in Arachis will involve re- 
covery of small, but viable, embryos. 

In vitro culture of ovules or embryos has been used 
as an aid to recovering interspecific hybrids in many 
genera (1,4,16,19). Numerous reviews have been pub- 
lished describing media requirements and technical 
aspects of tissue preparation (4,17,19,26,27). Embryo 
rescue techniques in Arachis were first reported in 1943 
by Harvey and Schultz (8) and then by Nuchowiz (18) 
who used nearly mature embryos to recover plants. 
Martin (12) regenerated plants from 0.3 mm long 
peanut ovules, which probably corresponded to an em- 
bryo in the globular stage of development. However, in 
attempts to duplicate Martin's results, Sastri et  al. (21) 
could only generate callus which later became necrotic. 
Johnson (10) concluded that in vitro culture of small em- 
bryos requires a two-step process where ovules can be 
cultured until they become large enough to excise em- 
bryos, and then embryos can be cultured after separa- 
tion from maternal tissues to generate plants. 

Embryo rescue techniques have been used to obtain 
interspecific hybrids between several Arachis species. 
Bajaj et al. (2) cultured 30-day-old F, embryos of a cross 
between A.  hypogaea and A. villosa Benth. However, 
this is a hybrid combination which can be obtained 
without the aid of in vitro techniques. Mallakarjuna and 
Sastri (11) stimulated embryo expansion with growth 
regulators, and they subsequently observed shoot de- 
velopment. Several A. monticola x A. sp. coll. PI 
276233 hybrids have been grown to maturity after 
growth regulators were applied to both flowers and pegs 
and in vitro techniques used to stimulate growth (20). 
Since the first successes with A.  monticola hybrids, 
fewer than five intersectional hybrid plants have been 
recovered via embryo culture (25). Bajaj (1) reviewed 
the tissue culture literature and concluded that selfed 
and hybrid peanut embryos can be cultured in vitro, 
but application of techniques is yet to be realized. 
While reports have been made of tissue responses in 
vitro and a few plants have been recovered via ovule or 
embryo culture, uniform techniques to repeatably es- 
tablish plants in the greenhouse are lacking. 

The objective of this paper is to report results of in 
vitro experiments with ovules and embryos to recover 
plants from young embryonic tissues of peanut. Investi- 
gations were first conducted with A. hypogaea cultivars 
to test media and procedures for favorable plant growth. 
Methods were then applied to obtain plants from in- 
compatible interspecific crosses in peanut. 

Materials and Methods 
Four in vitro experiments were conducted to test media and 
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genotypic responses of peanut ovules and embryos. All plants were 
grown in 37 x 45 x 15-cm boxes in the greenhouse. Landplaster was 
added to the soil as a source of calcium, which is needed for embryo 
development. All tissues were placed on petri plates sealed with 
Paraflm and placed in a growth chamber with 28/21 C diurnal tem- 
perature with a 16-hr per day photoperiod and 33-75 pE per m2 
sec -'of illumination. 
Experiment 1 

Flowers on plants of eight A. hypogaea cultivars were self-polli- 
nated and p o d s  collected 15 to 20 days after fertilization. Pods were 
rinsed in tap water, surface-sterilized in 2.6% sodium hypochlorite 
with 1 mL Tween 80 for 6 min and rinsed three times for 5 min each 
in distilled water. Ovules 2 mm or less in length were excised from 
pods and placed on filter paper bridges in bottles containing liquid N6 
(3) media with 0.1 mg/L kinetin (kn) or Murashige and Skoog (MS) 
(14) media with 0.05, 0.1 or 0.2 mg/L kn. All media had pH = 5.8. 
Ovules were placed in a growth chamber and observed periodically 
until 60 days after culture when shoots, roots, greening and swelling 
responses were recorded. 
Experiment 2 

Pods were collected 21 to 25 days after fertilization, which corres- 
ponded to embryos in the heart to very early cotyledonary stage of de- 
velopment from A. hypogaea cultivars NC 4, NC 6 and Argentine and 
the breeding line NC Ac 18000. Embryos were aseptically dissected 
from pods and,ovules and placed on a MS semi-solid basal medium 
supplemented with 50 g/L sucrose and one of the following four treat- 
ments: (a) no growth regulators, (b) 0.2 mg/L kn, (c) 0.2 mg/L 3-in- 
doleacetic acid (IAp), or (d) 0.2 mg/L kn + 0.2 mg/L IAA. Growth 
responses were recorded after 21 days, at which time one-half of the 
embryos were transferred to a MS medium + 30 g/L sucrose + 0.5 
mg/L 6-benzylaminopurine (BAP) and the other half to a MS medium 
+ 30 g/L sucrose-growth regulators. Tissues remained on the second 
medium for an additional 30 days after which time shoot and root re- 
sponses were recorded. Tissues with both shoots and roots were trans- 
ferred to a sand medium in the greenhouse and misted with water for 
10 sec every 15 min. After two additional weeks the young plants 
were transferred to soil, but left under the water mist system for 7 to 
10 days and then transferred onto a shaded greenhouse bench. After 
another 5-7 days the plant were exposed to full sunlight. 
Experiment 3 

Embryos of A. hypogaea cultivars NC 4, Argentine and Spanhoma 
were harvested and sterilized as described in experiment 2. They 
were placed on a MS semi-solid medium supplemented with 50 g/L 
sucrose + combinations of four growth regulators (Table 3) in petri 
dishes for 21 days. Embryos were transferred to a MS medium + 30 
g/L sucrose + 0.5 mg/L BAP medium for 14 days and subsequently 
transferred to a MS + 30 g/L sucrose medium without growth reg- 
ulators. Growth responses were recorded, including shoots, roots and 
callus. Tissues with both shoots and roots were transferred to a soil 
medium in the greenhouse as previously described. 

Experiment 4 
One hundred ten plants of the interspecific hybrid 6x(A. b a t i z m i  

Krap. et Greg. (coll. K 9484) x NC Ac 18000) and 64NC Ac 18000 x 
A. cardenasii Krap. et Greg. nom. nud. (coll. GKP 10017) were grown 
in boxes in the greenhouse. They were used as female parents in a 
crossing program with the diploid (2n = 2x = 20) species A. b a t i z m i  
or A. cardenasii, thus totaling four hybrid combinations (Table 4). 
Flowers were hand-emasculated between 3 and 5 PM and pollinated 
and tagged between 8 and 10 AM the following morning. Thirty days 
after pollinations were made, the number of pegs and pods were re- 
corded, tissues harvested and surface-sterilized as previously de- 
scribed. Ovules were aseptically removed from pods, placed on filter 
paper bridges in bottles with liquid MS medium + 0.2 mg/L kn, and 
placed in a growth chamber. Embryos were excised from ovules 
which swelled to a length of 4-5 mm and transferred to a semi-solid 
MS medium with 0.1 mg/L Kn for 14 days, transferred to a MS 
medium + 0.5 mg/L BAP and subsequently to a MS medium without 
growth regulators. Tissues which produced shoots but which failed to 
root were- again transferred to a MS medium with 4 mg/L 1- 
naphthaleneacetic acid (NAA) + 2 mg/L indole-3-butyric acid (IBA). 
Seedlings with both shoots and roots were transferred to a misted 
sand bench and to a soil medium on a greenhouse bench as previously 
described. Vegetative cuttings were taken from suspected hybrid 
plants and rooted in a mist chamber. Root tips were collected, 

squashed and stained in aceto-orcein after which the chromosome 
number of plants was determined. 

Results 
Experiment 1 

A total of 1040 ovules were cultured using eight A. 
hypogaea cultivars to investigate the effects of different 
growth regulators on ovule growth (Table 1). The 2-mm 
long ovules corresponded to embryos in the globular 
stage of development. After 60 days of culture, several 
reactions were observed including tissue enlargement, 
color changes from white to green and occasionally 
seedling germination. Although ca. 70% of the tissues 
turned green and swelled, growth was usually slow, re- 
sulting in only 11.9% reaching a size (4-5 mm) within 60 
days which could easily be manipulated for dissection of 
embryos without injury to tissues. In vitro differences 
were observed among genotypes for swelling. For 
example, 17.7 and 25.8% of ovules from cultivars NC 4 
and NC 6, respectively, enlarged from 2 to 4-5 mm in 
length when 0.1 mg/L kn was used in the medium; 
however, 0% enlargement was observed for cultivars 
Argentine and Pearl for the same medium. Genotypes 
also varied in physical appearance. Cultivars Pearl and 
Argentine usually remained white, whereas ovules of 
cultivars PI 275751, Robut 33-1, New Mexico Valencia, 
NC 4 and NC 6 usually turned green. Brown areas ap- 
peared on the surface of cultivar Spanhoma ovules, re- 
sembling areas of necrotic cells. The differences be- 
tween MS and N6 basal media were statistically nonsig- 
nificant, and an arbitrary decision was made to use MS 
medium in future experiments. 

Seedlings germinated in 60 days in nine ovules of cul- 
tivar NC 4 and two ovules of Argentine. All seedlings of 
Argentine were from tissues on MS medium with 0.1 
mg/L kn, whereas four NC 4 seedlings originated from 
ovules cultured on a medium with 0.1 mg/L kn and the 
other five seedlings were cultured on a 0.2 mg/L kn 
medium. Of the 15 seedlings which germinated from 
ovules, only one had both shoots and roots, one NC 4 
seedling had only roots, and the remaining 11 seedlings 
produced only shoots. The seedlings were transferred 
on a 3-week schedule for 12 months in attempts to in- 
duce both healthy shoots and roots. Only two seedlings 
were eventually transferred to the sand-mist system, 
but both died shortly after transfer to soil. 
Experiment 2 

Pods of cultivars NC 4, NC 6 and Argentine and the 
breeding line NC Ac 18000 were harvested 21-25 days 
after fertilization. Ovules 4-5 mm in length were dissec- 
ted from the pods, which corresponded to embryos in 
the heart or very early cotyledonary stage of develop- 
ment. Preliminary experiments had shown that MS 
medium without growth regulators would support 
peanut explants and MS medium plus the growth reg- 
ulator BAP would induce callus and shoots. Further, 
previously published reports (11) had indicated that kn 
and IAA probably induce embryo development in 
peanuts. Thus, genotypes were initially placed on 
media with the growth regulators IAA or kn and sub- 
sequently transferred to a MS medium without growth 
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Table 1. Ovules of Arachis hypogaea selfs cultured in vitro using two basal media and different kinetin levels. 

MS media N6 
Genotype Subspecies/variety 0.05 mg/L kn 0.1 mg/L kn 0.2 mg/L kn 0.1 mg/L kn 

c u l t u r e s  Swell inga cu l tu res  Swell i n g  c u l t u r e s  Swell i n g  c u l t u r e s  Swell i n g  

N.M. Valencia 

Pearl 

Span horn 

P I  275751 

Argentine 

NC 4 

NC 6 

RObut 33-1 

f a s t i g i a t a  
var. f a s t i g i a t a  

f a s t i  g i  a ta  

f a s t i  g i  a t a  
var. vu l  g a r i  s 

var. v u l g a r i s  
f a s t i g i a t a  
var. vu l  g a r i  s 

f a s t i  i a t a  
h a r i  s 
hypo g a ea 
var. hypogaea 

hy pog aea 
var. hypogaea 

hypo ga e a 
var. hypogaea 

TOTAL 

29 

25 

30 

17 

121 0 36 

58 0 113 

97 

35 

- - - 
179 0 382 

3 

0 

1 

4 

0 

20 

25 

3 

- 
56 

25 

22 

25 

30 

58 13 89 

42 8 16 

139 37 8 

25 

- - - 
239 58 240 

1 

0 

4 

1 

4 

0 

0 

0 

- 
10 

aswe l l i ng  t o  4-5 nrn ovule which i s  s i z e  l a r g e  enough t o  exc ise embryos. 

regulators or + 0.5 mg/L BAP. Significant differences 
(p < 0.01) were observed among media and genotypes 
for shoot and root production and whole plant recovery. 
When IAA was added to the media, most embryos from 
the genotypes Argentine and NC Ac 18000 did not grow 

and remained a very pale white color. These two 
genotypes had abnormal shoot development and only a 
few transfers were made to the secondary MS media 
without growth regulators or + BAP (Table 2). 

Table 2. In vi*tro culture of heart-shaped Arachis hypogaea embryos on a primary medium and secondary medium. 

MS No. 
p r imary  Genotype p r imary  
media c u l t u r e s  

Secondarv media - -  - -  

MS - growth r e g u l a t o r  MS + 0.05 mg/L BAP 
Trans fe rs  Shoots Roots P l a n t s  T rans fe rs  Shoots Roots P lan ts  

mg/L 
-Growth 

regu 1 a t o r  

+0.2 kn 

+0.2 I A A  

+0.2 kn 
and 
0.2 I A A  

NC 4 
A rgen t ine  
NC Ac 18000 
NC 6 

T o t a l  
NC 4 
Argent  i ne 
NC Ac 18000 
NC 6 

T o t a l  
NC 4 
Argent  i ne 
NC Ac 18000 
NC 6 

T o t a l  
NC 4 
Argent  i ne 
NC Ac 18000 
NC 6 

T o t a l  

::a 
55a 
68 

48 
57 
44 
62 

29 
60a 
58a 
55 

49 
57 
52a 
42 

12 0 5 0 12 2 5  0 - - - 0 0 - 
0 0 - - 

11 7 

- - 
- - - - 

2 28 
40 18 26 18 37 13 12 2 

24 15 19 15 23 3 15 3 
27 16 18 12 25 15 9 2 
19 11 15 10 20 12 12 6 

13 13 - 8 30 
100 58 69 53 96 43 49 19 

13 0 1 0 12 5 0  0 

- - -  25 - 18 - 18 21 - -  - 

- -  28 - 16 17 16 - -  - - 

- - - 0 0 - - 
0 0 - - 

21 21 18 11 8 24 

- 
- - - - 

5 24 
37 21 22 18 36 16 8 5 
21 18 21 18 23 15 14 6 
11 6 8  5 22 19 5 0 

2 19 
51 43 39 32 66 46 34 8 

- - -  - - -  - 

- - - 0 0 - - - 
- 12 1 5  - -  21 - 9 - 9 10 - -  - 

aTi  s u e s  d i e d  before t rans fe rs .  
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Similar responses to both kn and IAA media were in- 
itially observed for cultivars NC 4 or NC 6 during the 
first 21 days in culture. However, signifcant differences 
(p < 0.01) for shoot and root growth were observed for 
tissues cultured on the kn and IAA primary media and 
transferred to secondary M S without growth regulators 
or with BAP in the media. For example, NC 4 plants 
were not recovered when 0.2 mg/L IAA was used ini- 
tially, whereas 54 to 86% of the embryos grew into ma- 
ture plants when the tissues were placed on the other 
three primary media and subsequently transferred to a 
MS without growth regulator medium. On the other 
hand, IAA did not adversely afFect embryo growth of 
the cultivar NC 6. Overall, 0.2 mg/L kn was the best 
primary medium tested across genotypes because plants 
were recovered for a!l genotypes (Table 2). 

When BAP was added to the secondary media, shoots 
were greener and larger than when MS without growth 
regulators were used. However, prolonged use of BAP 
resulted in excessive callusing. Roots produced on this 
medium generally grew slowly and were not branched. 

Tissues transferred from the primary medium to a 
secondary medium without growth regulators resulted 
in shoots which were often small and deformed. How- 
ever, healthy and branched roots were usually ob- 
served. 

After both shoots and roots developed on a germinat- 
ing seedling, tissues were transferred to a sand bench 
where seedlings with abnormal-looking leaves and 
shoots generally grew into ‘normal-looking’ plants. 
Roots also grew and branched into the sand. The best 

results were observed when the seedlings were placed 
in the sand for 3-4 weeks, transferred into a soil 
medium, but left in the mist system for an additional 
week, then put under an 80% shade on a greenhouse 
bench for 2 weeks and subsequently exposed to full sun- 
light. Approximately 90% of seedlings transferred to the 
sand-mist system grew to maturity. Plants recovered 
from in vitro culture were fertile and produced seeds. 

Experiment 3 
A second embryo rescue study was conducted to de- 

termine effects of growth regulators added to initial 
media on embryo growth and to determine whether a 
sequential transfer of embryos would enhance recovery 
of plants. Embryos of cultivars Argentine and NC 4 
were first placed on one of seven media for 21 days 
(Table 3), transferred to MS + BAP media for 14 days, 
then to MS media without growth regulators until 
adequate responses were obtained for transfer to the 
greenhouse. Shoots or roots were rarely observed dur- 
ing the first 21 days when embryos were on the primary 
media. Shoots were generally initiated after transfer to 
MS +BAP media, but very few roots were produced. 
The second transfer to the MS media-growth regulators 
resulted in embryos producing many branched roots. 
Cultivar Argentine performed poorly in the experiment 
when the primary medium had 0.2 mg/L IAA, 0.2 mg/L 
kn + 0.2 mg/L NAA, or no growth regulators. When 
the primary medium contained 0.5 mg/L BAP, 43.1% of 
the Argentine embryos developed shoots and roots, as 
compared to 0 to 30% for other media tested (Table 3). 

Table 3. In vitro responses of Arachis hypgaea embryos on three sequential media where second medium = MS + 0.5 ppm BAP and third 
medium = MS - growth regulator. 

Primary mediaa 
kn I A A  BAP NAA Genotype No. No. t ransfersb  Rating a f t e r  t h i r d  medium‘ 

cu l tures  t o  second medium Shootsd Rootsd P lantsd  

0 

.2 

.2 

.2 

.2 

.2 

0 0 

.2 

.2 

.2 

.5 

.5 

.2 .5 

.2 .5 
.5 
.5 

0 NC 4 
Argentine 
Span h oma 

NC 4 
Argentine 
Span homa 
NC 4 
Argent i ne 
Span homa 

NC 4 
Argent i ne 

.2 NC 4 

.2 Argentine 

NC 4 
Argen ti ne 

.2 NC 4 

.2  Argent i ne 

59 
60 
49 
58 
48 
57 
24 
60 
38 
49 
48 
61 
47 
55 
51 
44 
48 

57 
0 

42 
50 
25 
52 
22 
0 

37 
32 
47 

47 
0 

41 
49 
36 
30 

93 
0 
20 
60 
33 
24 
84 
0 
18 
32 
63 
73 
0 
53 
52 
25 
9 

75 
0 
27 
64 
39 
25 
76 
0 
37 
24 
51 
59 
0 
64 
71 
55 
36 

75 
0 

16 

60 
30 
14 

76 
0 

16 
12 
43 
44 
0 
33 
29 
25 
0 

aPrimary medium used f o r  21 days. 

bSecondary medium used f 14 days. 

‘Third medium used f o r  14-21 days. 

d% of o r i g i n a l  number o f  cu l tures .  
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Although plants were obtained from all media combi- 
nations when NC 4 embryos were used, success rates 
varied significantly (p < 0.05) between media. When 
0.5 mg/L BAP was used in the initial medium, only 12% 
of the NC 4 embryos developed into mature plants, 
whereas 75 and 76% of the embryos produced plants 
when no growth regulators or IAA was used, respec- 
tively. Two-tenths mg/L kn in the primary medium re- 
sulted in the greatest overall percentage of recovered 
plants (Table 3). 

Because Argentine had small seeds as compared to 
NC 4 and the Argentine cultivar performed poorly in 
experiments, embryos of a second variety vulgaris 
genotype (Spanhoma) were tested on three media com- 

NAA + 2 mg/L IBA which has been reported to induce 
rooting in peanut (23). Four seedlings grew and were 
transferred to the greenhouse via a sand-mist system as 
previously described. The plants remained weak and 
spindly for several months before two of them died. The 
remaining two plants developed 'normal-looking' leaves 
and shoots approximately 5 months after transfers to a 
soil medium. Both plants flowered but averaged only 
8.0 to 18.6% pollen viability as compared to the mater- 
nal plant in the original cross which had 79.0% fertility. 
Almost a year following the initial crosses, the plants re- 
mained small. One plant had a chromosome number of 
2n = 40 while the second one had 2n = 41, thus con- 
firming they were both hybrids. 

Table 4. Interspecific hybridization between Arachis hexaploids and diploids and resulting plant recovery. 

Cross Ovules Embryos Shoot Shoot + root P lant  Pol 1 i - 
nat ions  Pegs Pods c u l t u r e d  

65(A. bat izoco i  ( B ' B ' A A B B )  338 116 81 64 28 9 5 2 

65( A. b a t  i zoco i ( B  I B I AABB) 281 57 22 20 15 1 0 0 

65(A. hypogaea ( AABBA I A ' ) 446 77 41 33 17 1 1 0 

x A. hypogaea) x A. cardenasi i  

x A. hypogaea) x A. bat izoco i  

x A. cardenas i i )  x A. cardens i i  

x A ' A '  

x B I B '  

x A ' A '  
65(A. hypogaea ( A A B B A ' A ' )  306 22 9 7 

x A. cardenas i i )  x A. bat izoco i  x B I B '  
3 0 0 0 

- - - - - -  - 
Tota l  1371 272 153 124 63 11 6 2 

binations (Table 3). Embryo responses were more favor- 
9.ble for Spanhoma than for Argentine since plants were 
recovered on all three media sequences. 
Experiment 4 

A crossing program between hexaploid interspecific 
hybrids and diploid species of section Arachis resulted 
in approximately 11% pod set. The crossing program 
was designed to use different combinations of the A and 
B genomes to avoid sterility due to genomic incom- 
patibilities. Pod formation ranged from 2.9% for 64A. 
hypogaea x A.  cardenas$ x A. batizocoi crosses to 
24.0% for 6x (A. batizocoi x A. hypogaea) x A.  car- 
denasii) crosses (Table 4). All pods contained very small 
ovules. 

From the 153 pods harvested, 124 ovules were cul- 
tured on filter paper bridges of which 63 expanded to a 
size where embryos could be dissected without injury. 
After embryos were cultured on the media sequence 
used in experiment 3, shoots were observed on 11 tis- 
sues of which nine came from the cross 64A. batizocoi 
x A.  hypogaea) x A.  cardenasii. This was one of the 
genomically balanced combinations where (B'B' x 
AABB) x A'A' would result in a AA'BB' tetraploid 
hybrid. However, roots were infrequently produced. 

Embryos which produced shoots but not roots were 
transferred to MS media supplemented with 4 mg/L 

Discussion 
Ovule culture of A. hypogaea resulted in varying re- 

sponses among genotypes ranging from tissue senes- 
cence to seedling germination. The most common re- 
sponse was swelling and greening of tissues. However, 
Mallinakara and Sastri (11) concluded that green ex- 
panding ovules are not always the best tissues to use for 
rescuing plants becau,e embryos actually grew more in 
their experiments when swelling, but browning tissues 
were observed. A clear distinction needs to be made be- 
tween tissues which swell, as reported in many articles 
of the literature, and ones which actually reach a size 
from which embryos can be excised. In this study, a 
genotypic response was observed because the large- 
seeded cultivars NC 4 and NC 6 generally had more tis- 
sue swelling than cultivars with smaller seeds even 
though all tissues were initially of a similar size. 

Seedlings had been reported from peanut ovule cul- 
ture by Martin (12), but there is difficulty determining 
whether he actually transferred tissues out of the cul- 
ture medium into a soil mixture. Sastri et al. (21) were 
unable to repeat Martin's experiments and concluded 
that ovule culture for peanuts was not possible for di- 
rectly obtaining hybrids. In this study, shoots and roots 
germinated from 2-mm A.  hypogaea ovules which sup- 
ports Martin's (12) conclusions concerning the possibil- 
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ity for obtaining plants from very small reproductive tis- 
sues. However, the percentage of ovules from eight cul- 
tivars (Table l) which produced shoots or roots equalled 
less than 1.5% of cultured tissues. Only two seedlings 
had both shoots and roots, and neither seedling sur- 
vived transplanting to soil. However, these techniques 
were employed to obtain sufficiently large interspecific 
hybrid embryos to culture from which two mature 
plants were obtained. Ovule culture techniques in 
Arachis are currently not feasible for recovery of large 
numbers of plants from very young tissues but are 
necessary when interspecific hybridization will not pro- 
duce reproductive tissues large enough for directly 
using embryo rescue techniques. 

Although Sastri et d. (22) indicated that embryo cul- 
ture of Arachis is routine, preliminary work in this lab- 
oratory indicated that significant differences resulted for 
plant recovery among genotypes. Further, plant trans- 
fers from the culture tube into soil in the greenhouse for 
Arachis in general has had a very low success rate (25). 
Although techniques and various media combinations 
have been successfully used, methods described in the 
literature do not appear to be easily repeatable. 

Most genotypes require growth regulators such as kn 
and BAP to support early embryonic development and 
shoot development. The embryo culture experiments 
showed that IAA does not induce embryo growth for at 
least some peanut genotypes. For a few cultivars such as 
NC 6, embryos can be successfully grown on a medium 
without growth regulators. 

6-Benzylaminopurine induced shoot development on 
small peanut embryos cultured in vitro. When tissues 
were left on BAP medium for more than 2 weeks, tis- 
sues of most genotypes developed callus masses which 
generally inhibited further shoot or root development. 
Differences were observed among genotypes for re- 
sponse to BAP. For example, only 12% of the NC 4 em- 
bryos were recovered using this procedure. However, 
Argentine embryos had the highest frequency of plants 
recovered when BAP was used in both the primary and 
secondary media. 

Transferring germinating seedlings that are derived 
from embryos of cultivated peanuts with a shoot plus 
even one small root to a sand-mist system appears to be 
an efficient method for establishing plants in the soil. 
After seedlings are placed in sand, shoots generally 
grow and roots proliferate. However, for the in- 
terspecific crosses in this study, a MS medium without 
growth regulators did not initiate roots. The addition of 
NAA and IBA, as suggested by Seitz et al. (23), initiated 
roots on several seedlings, but further testing will be 
needed to enhance the frequency of hybrid recovery. 

Although genotype-media interactions were ob- 
served, the most satisfactory primary medium coiitained 
0.2 mg/L kn. Presumably this growth regulator stimu- 
lated embryo development in addition to ovule enlarge- 
ment. Tissue transfer to a MS + 0.5 mg/L BAP 
medium to induce shoot production and finally to a MS 
medium without growth regulators for root initiation 
gave satisfactory results in the experiments for A. 
h ypogaea . 

Although crossing hexaploid interspecific hybrids by 

diploid species should be an efficient method to quickly 
reduce the chromosome number from 2n= 60 to 2n = 
40, embryos abort and thus restrict easy ploidy reduc- 
tion. Application of embryo rescue techniques de- 
veloped for A. hypogaea resulted in recovery of other- 
wise aborted hybrids, but at a low frequency. Although 
the two plants rescued in vitro continued to survive, the 
process thus far encompassed a year and plants are not 
yet nearly of a size to produce seeds. Further, pollen 
viability is low and several years may be required to re- 
store fertility even though the explants should have 
balanced genomes. Nevertheless, this study de- 
monstrated that incompatible species hybrids can be 
obtained by in vitro methods. Because of the problems 
encountered in terms of time and sterility in recovered 
plants, the techniques would be better reserved for the 
most distantly related interspecific cross combinations 
which cannot be obtained by other methods. Applica- 
tion of techniques reported in this paper should also be 
applicable to crosses among A. hypogaea and species of 
other sections of the genus, especially when functional 
roots can be more easily initiated on plants. 
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