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Wild Arachis species have been recognized as sources of resistance to pests and pathogens that infect A. h~ln'ogaea L. 
and cause substantial yield losses. However. utilization of these genetic resources for crop improvement has been 
difficult. This study was conducted to (a)understand the processes of early embryo growth and development in four 
Arac'hi.s species, two .A.h'pogaet cultivars and their hybrids and (h) identify parental compatibilities in reciprocal 
crosses of A. IJ'pogiae. The results indicated that delayed fertilization beyond 24 I.coupled with slow proembryo
growth. leads to enmbryo abortion in emany interspecitic crosses. F:or example. in female A. car hn'asiicrosses, lack of 
or delayed fertilization leads to fijailureto obtain hbrids. When A. tatizocoi was used as a female parent. delayed
fertilization and the inability of quiescent proembhryos to resume growtI after soil penetration caused abort ion. 
Embryos of A. hjipogatea x A. ghlanhitihracrosses developed normally during the first 21 d after fertilization. but then 
aborted at a later ine. In thisstudy I. hpogaea %%asalways a better female parent than tilewild Arachis species.
Increasing the number of pollin:ations per cross, using the cultivated species as the fenale parent. utilizing different 
.4.h'pogau'a varieties. and embryo rescue techniques are suggestvJ to improve the probability of obtainiing
interspecific hybrids in ..lrachis. is)1995 Annals of Iota ny Comtpatny 

Key Aords: Peanut. interspecific hybrids. Arachi., wild species. incompatibilities. 

INT RODUCT10N 	 fertilization, a peg initiates a rapid growth phase at which 
time the embryos remain quiescent. The peg usually enters 

Wild species of Arachis are potential sources of resistance to the soil within 7-10 d and then stops elongating. The tip
the major diseases and insect pests of cultivated peanut. swells to form a pod and the embryo resumes cell division 
These genetic resources have encouraged peanut breeders to and differentiation. Similar reproductive developmental 
create interspecific hybrids to improve A. hVpogaea L., and patterns are believed to occur in both Arachis species and 
considerable progress has been made toward this goal with interspecific hybrids, but successful seed recovery is greatly
several species in section Arach (see Stalker and Moss, reduced for crosses. Thus, a thorough understanding of the 
1987; Singh, Stalker and Moss, 1991; Stalker, 1992). In a early reproductive events during the 2-3-week period
crossing programme using two I. hvlpogaea cultivars and 22 following fertilization may provide clues about interspecific
section Arachis species accessions, in reciprocal, most species hybrid failures that are commonly observed in Arachis. 
were successfully used to obtain hybrids (Stalker ei al., This study was conducted to (a)understand the processes
1991). However, the degree of success varied significantly of early emoryo growth and development in four Arachis 
between the two cultivars and depended upon whether the species, two ,1.h.t'toga'a cultivars and their hybrids and (b)
cultivars or wild species were used as the female parent. identify parental compatibilities in reciprocal crosses of' A. 
Twenty-seven of 73 attempted crosses did not produce h*t'pogaea. For comparisons of' reproductive development, 
hybrids and all but 16 had less than 5% success. The low the species used in this study were selected based on 
success rate between A.h*'pogaea and several section Arachis observations reported it,Stalker eial. (1991 ) to represent
species was partially explained by Halward and Stalker taxa for which reciprocal hybrids can be obtained (A. 
(1987a.b) and Pattee and Stalker ( 1992a, h) who identified hranensis Krapov. and W. C.Gregory), most reciprocals
relative time sequences of embryo development and stages can be obtained but the wild species is the better flemale 
when abortion occurred. Stalker and Eweda (1988) and parent (A. hatizocoi Krapov. and W.C. Gregory). the wild 
Ozias-Akins. Singsit and Branch (1992) also used embryo species is only successful as the male parent (A. cardenasii 
rescue techniques to recover interspecific hybrids with A. Krapov. and W. C.Gregory), and no mature hybrids have 
hypogaea. been obtained with A.hlpogaea (A.glandhli/i'ra Stalker).

The geocarpic feature of reproductive development in The results will provide a more detailed understanding of 
peanut is a complex process involving several physical, critical stages leading to embryo abortion in peanut
physiological, and genetic mechanisms. Two or 3 d after interspecific hybrids. 

0305-7364/95/100397+08 $12.00/0 	 © 1995 Annals of Botany Company 



398 Tallun' et al.-Earv Reptrohticiiue Oniogen.y in Arachis Crosses 

AND METHODSMATERIALS 

The plant material used in this study included two .4. 
h.ipogaea (2n = 4.v = 40) cultivars and four diploid (2n = 
2.v = 20) -lrachisspecies. The cultivars were NC 6 (subsp. 
h)vogaea var. hypogaea, a virginia market type) aild 

Argentine (subsp. /sutqiata var. vulgaris. a spanish market 
type). The diploids included two *A* genome species, the 

annual ,-. duranensis (GKP 10038 I.1.. P1 262133), and the 
perennial .4. cardenaii(GKP 10017, P1 262141): one '1B' 

Lxii. LI. l Iesciluinim'ohrn grwl/ ~ (~ 
and 11ohapatra. 19,N7) 

Embryo 

gro;,th tag tescription 


)2 Linear 2-tiered. 2-celted proembryo 

)3 Linear 3-tiered. 3-celled proembryo 

)4 Linear 4-tiered. 4-celled proembryo 


1)5 Linearly packed 8-celled proembryo 

I- Ilaruement of 2 basal tiers of cells
I ol the proembryo 

iniiating suspenlsor torniation 
1-I Rapid dvision tlihc apical tiers of proembryn v ith 

ditf'rentiation of proembryo and suspensor 
1-2 linibr,,obecomes a spherical Mass of siuall 

isodiamciric cells ,.iha distinguistiable sUspensor 

'3 E-arly globular emhro 
I-4 Early heart embrw 

r, 

5 ' r 
7.:
 

5 

9 • 

I.hatizocoi (K 9484, P1 298639), 
anda 'gIInom11e annu1.1il species. A. glandiilili'ra (C KSSC 
30098. PI46834 1).The plants were grown in wooden boxes 
filled with a I:1:1 mixture of sand, soil. and a Com1mercial 

potting mixture (Metromix-Grace Sierra Hor'ticUltural 
Products Co.. 1001 Yosemite lr., Milpitas. CA 95035, 
USA) in tie greenhouse ficilities at N. C. State University, 
Raleigh. North Carolina. USA. Calciul in the 0'ornm of 

commercial limestone was applied to the soil mixture at tile 

time of soil preparation. Plants were fertilized once imonth 
with a soluble 15 30 15 commercial fertilizer. 

Crossing programmes were conducted in tihe greenhouse 
from h in,. to Sep. 1989. Jill. to Sep. 1990. an1d Jill. to Sep. 
1991. Crosses between tilet\o cultivars and Ibur diploid 

genome annual species, .­

species were made in reciprocal. resulting in a total of' 16 
combinations. Onl thle day bef'ore anthesis the flower budLs 
\were emasculated between 1600 and 1900 h. Hand-pol­

lination was completed the next morning between 0800 and 

1000t. Between 15 and 20 pollinated flowers were tagged 
with numbered letll Iba;tnds for smpllling at 1,2. 3,4. 5, 6. 
7, 14. and 21 d after pollination. At least tellpollinated 
llowers were collected at each sampling stage. resulting in 90 

samples per cross. A miniinluinl of' five self-polliinated flowers 

were collected I'oreach genotype for the nine sampling times 
to use is controls. Most pegs had penetrated into the soil by 
I) d aft er pollination, and pegs that were aerial at 14 or 2 1d 
after pollination were considered to be aborted. 

All harested samples werie fixcd in IFAA, dehydrated in 

8 

m'ohybrids.i'i(is I X.('onparativ eiiibryo deeloplental stages ini represenative crosses ol peant tsillustrated b. I. tw noensisllid A. h.l'i{mo 
i.s <NC 6shio, 

filled I -d-old embryo sac oflN( 6 .:A. trtmtin.4kiA x 64.4. [t1;. 3. A 3-tiered 1)3 stage proembryo atday 7 inA. 
Fi. I. A I-d-old embryoisac oft.. htiranvm ing an egg cell with a basal vacuole indicating nonrkrtilizatio. 64.4. Fto. 2. A starch­

indicating nonfertili/ation. 
hranmo.mis x NC 6. x 64.4. I-iq. I-I stage proembryo at day 7 in NC 6 x A. hran'n.cix. x 644. [i;. 5.A I-0i stage proembrvo at day 14 in4. A 
A. dhrranoisi x NC 6. Fui. 6.A 1-2 stai ge embtryo at da' 14 in NC 6 x .1. thlromens'is.. x 64-4. :it.7. A 1-3 stage embryo at day 21 in A. dhranensi 

<N(' 6. <32"2. Fi(;. A. dutranvnsi.%. <16I1.8.A I-4 stage heart-shaped embryo at day 21 in NC 6 x 
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TAI Li 2. Percentage oforiesand emlrios ill rtrious reproductire (h'trehenlal stages in the se/i'd tissues q/wil Arachis 
species 

Ovules 
..... ... . 

Number Unfertilized Fertilized 
DAP* observed 1%1 (%) 

A..hi'komi 

1 21 76"2 23'8 
2 3 33 6"1 6'1 
4 7 38 2"6 0 

14 18 0 0 
21 19 0 0 

carh'navii 
1 26 1000 0 
2 3 22 91.0 0 
4 7 71 97-2 0 

14+ - - -
21+ -

A..,hiranensis 
I 16 100'0 0 
2-3 31 51'6 3"2 
4 7 47 8"5 0 

14 8 25'0 0 
21 13 0 0 

.­i.ghmdul1'fra 
1 27 92'6 7'4 
2 3 28 21'4 0 
4 7 47 25'5 0 

14 12 8'3 0 
21 10 0 0 

* DAP. Days after pollination.
 
t Starch observed inseveral mbryo sacs.
 
+ No reproduclive tissues foud. 

an alcohol series, and embedded in paraffin. Serial sections 
of 10 pim thickness were made, mounted on slides, differen-
tially stained with a safranin-O/fast green/orange G series, 
and observed under a light microscope as described by 
Pattee and Stalker (1992a). Specimens damaged during 
preparations were discarded. The embryo growth standards 
used were those of Pattee and Mohapatra (1987) (Table I ). 
Ovules were considered as unf'ertilized when a prominent 
egg cell with a basal vacuole was observed (Fig. I ) or starch 
grains were present in an embryo sac without an embryo 
(Fig. 2). Ovules containing one- or two-celled etubryos were 
classified as fertilized. while those containing normally 
growing embryos were classified as developing. When 
embryos were at the same embryological growth stages over 
a relatively long period of time [usually between 4 and 14 d 

(pegs in soil) after pollination], they were considered as 
quiescent. The embryos were classified as aborted if they
exhibited structural disorganization, disintegration of cells, 
or had consistently slower growth as compared to normally 
developing embryos collected at the same age. 

A ,\,2 test for independence of' parental species effects vs. 
events of early reproductive ontogeny and embryo de-
velopmental stages was performed to support the con-
clusions. Data was pooled for days 2 and 3 and days 4-7 for 
this paper because no significant changes were observed in 
reproductive development within the two time frames. 
Yates correction factor was applied in the calculation of ,X-

roeinbrvos (% )~ 

... Maximurn 
Developing Quiescent Aborted enbryo growth 

0 
75'8 
0 
0 
4'3 

0 
0 

68'5 
77'8 
52'2 

0l 
12'0 
28'9 
22'2 
43'5 

INl 
1)4 
1)4 
D4 
1-3 

0 
9"0 
0 
-

0 
0 
2'8 
-

0 
0 
0 
-

-
D3 
D3 

- - -

0 
45'2 
19.1 
12"5 
53'9 

0 
0 

19.1 
25'0 
0 

0 
0 

57'3 
37"5 
46"1 

D3 
I-I 
1-3 

Heart 

0 
75'0 
21"3 
0 

20'0 

0 
0 

10'6 
25'0 
0 

0 
3"6 

42'6 
66'7 
80'0 

DI 
D4t 
1-0 
1-0 
1-3 

values for all 2 x 2 contingency tables. X" values were 
calculated using the data presented in Tables 2-7 based on 
the numeric data sets for each cross and compared to 
respective values at corresponding degrees of freedom to 
determine the statistical significance of the observed values. 

RES U LTS 
The observations will be presented in two parts-those 
involving the six parental species which are considered as 
controls and those from the 16 crosses. Tie observations 
refer to early reproductive ontogeny oi a time scale up to 
21 d after pollination. 

r 
'uI/t puienud speciesrepr'aducti'eanlatenlt' il 

A low percentage of fertilized ovules. ranging from 0 to 
7.4'%, was observed up to 24 h after selling for all genotypes 
except A. bati:ocoi, which contained 23.8 % fertilized ovules 
(Tables 2 and 3). By day 3, embryo sacs with developed D3 
or D4 stage proembryos were observed, indicating that 
fertilization must have occurred between 24 and 48 i after 
selfing in both the wild and cultivated species. Significant 
differences for unfertilized ovules and developing embryos 
were observed between NC 6 and Argentine (P = 0.05: ,\, = 
4.44) where NC 6 contained more developing proeibryos 
(75.69/0) than Argentine (21.2%), indicating that repro­
ductive development during the first 3 d occurred faster in 
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T A11. 1:3. Percentage ofotrith's anlembryos in t'ario)usreprodictirte del oloental slages in t' se/ed tissues o/'A. hypogaea
 

Ov,les 
...... . Proembryos (/) 

Number Ulnfertilized FertiliZed . . . .. . .Maximum 
DAP* observed (") 1%) Developing Quiescent Aborted embryo growth 

NC 6 
I 37 94-6 5-4 0 0 0 D2t 
2- 3 45 15-6 0 75-6 0 88 D4 
4 7 85 82 0 37-7 15-3 38-8 1-0 

14 19 0 0 63-2 0 36-8 Heart 
21 16 0 0 625 0 37-5 Heart 

Argentine 
I 35 97.1 0 2.9 0 0 D2i 
2 3 33 45-5 30'3 21-2 0 3'0 D3 
4 7 55 18'2 0 25-5 27-3 29-0 1-0 

14 27 1I11 0 18'5 0 70-4 1-3 
21 34 2.9 0 44-2 0 52.9 Heart 

)AP. Days after pollination. 
t Starch observed in several embryo sacs. 

TA it t.1:4. Percenltage ofot'nles and enbtl-os in tlariotusreprodtiet'e do 'elolntenlalstages int the crosses bet-een A. duranetsis 
and A. hypogaea 

Ovules 
Proembryos ( "I 

Number Unfertilized Fertilized . ...... Maximum 
DAP* observed (! ( 4) Developing Quiescent Aborted embryo growth 

.-(hdran.oi.x NC 6I. 

1 26 76.9 23.1 0 I 0 DI
 
2 3 36 58-3 I1l1 30-6 0 0 D3
 
4 7 98 55-2 7-1 2-0 4-1 31-6 1-0
 

14 15 0 (1 6-7 13-3 80'0 1-3
 
21 17 0 0 29-4 (1 70-6 Heart
 

NC 6 x 	 -I. hiroatnjis 
I 30 93-3 0 6-7 0 0 D2t 
2 3 40 7011- 5-0 25-0 0 0 D2t 
4 7 70 34-3 0 37-1 22'9 5-7 1-2 

14 18 44-5 0 1I11 44-4 0 1-3 
21 8 12- 51 87-5 0 0 Heart 

.-I. ihirant-.si.s x Argentine 
I 16 87-5 12-5 0 0 0 DI 
2 3 47 57-5 8'5 34-0 0 0 D2 
4 7 72 38-8 1-4 2-8 13-9 43-1 1-0 

14 6 0 0 0 0 100.0 D4t 
21 6 0 0 0 0 100'0 D4t 

Argentine -,.I. dhrant.is 
1 24 95-8 0 4-2 0 0 D2t 
2 3 38 57-9 0 42'1 0 0 D4 
4 7 94 40-4 0 17-0 26-6 16-0 1-2 

14 4 (1 0 0 0 100.0 D4+ 
21 II) 0 0 0 0 100.0 1-Ot 

* DAII. Days alter pollination.
 
t Slarch observed in several embryo sacs.
 
I Classilied as aborted.
 

NC 6 (Table 3). Signilicant (P = 0-05, ,, = 34.05) differences selling indicated different proembryo growth progressions 
were observed for nlfertilized ovtules i-s. developing pro- arnong the ,,hachisspecies (Table 2). ,'lrachis cardenasii had 
embryos among diploid species where a range from 90%for only 2'8 % of its ovules fertilized whereas the percentage 

. cardensii to about 75'% for 1. hatizocoi and A. was at least 75% in the other species (Tables 2 and 3). 
glanhduhie was observed (Table 2). Several embryo sacs of' Variation in maximutn proenbryo sizes was also observed 
.. . ghndttli/fra also contained a few starch grains at day 3 by day 7. where A. cardenasiiand A. hatizocoi were at the 

Embryological observations between 4 and 7 d after D3 and D4 stages, respectively, but other species were at the 

http:dhrant.is
http:hdran.oi
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TA biL r 5. Percentage oforidhesand embrYos in rarious reproduclire derehq,u'ntal stages in the crosses beliteen A. cardenasii
 
anl A. hypogaea 

Ovules
 
...... 


Nunmber Unfertilized Fertilized 
i)AP* observed (%) 

.A.caorhnasii x NC 6 
1 16 93'8 6'2 
2 3 23 69.6 17-4 
4 7 57 73'7 7"0 

14 5 80'0 20.0 
21+ .... 

NC 6 xA.cardenasii 
1 20 100'0 0 
2 3 46 26"1 10"9 
4 7 74 23'0 0 

14 22 0 0 
21 9 0 0 

..I.cardnasii Argentine 
I 21 100'0 0 
2-3 57 84'2 7'0 
4 7 63 90'5 0 

14 16 56'3 0 
21 5 40.0 0 

Argentine xA.cardenasii 
I is 100'0 0 
2 3 33 48'5 0 
4-7 75 25'3 0 

14 24 4'2 0 
21 10 0 0 

* DAP.Days after pollination. 
- Starch observed in several embryo sacs. 
++No reprodtctive tissues foutd. 

I- to I-1 stages. More than 25 % ofall proembryosaborted 
(except in ..I. carenasii which did not have enough fertilized 
ovules to detect abortion) between days 4 and 7. Many of 
the non-aborted proembryos were now in a quiescent phase 
its pegs were rapidly elongating. 

Pegs had penetrated the soil by 14 d for all species except 
.^I. which reproductive tissues werecar'enasii, for no 
recovered. Both A. hypogaea cultivars had re-initiated 
growth, and signilicant differences for developing and 
aborted embryos were observed (P = 0.05, 1'1 = 6.31). NC 6 
contained a larger percentage of developing embryos 
(63.2'%) than Argentine (185%). For diploid species, 
developing embryos were observed inA. dhuranensis, whereas 
in A. ,ati:ocoi and ,-I. iescentglatndlfi'ra they remained qu, 
or were obviously aborting. The maximum embryo growth 
observed for Argentine and A. dttranensiswas the I 3 stage. 
whereas several heart-shaped embryos were observed in NC 
6. 

At day 21. developing embryos were observed for all 
species 'except A. cardenasii), although most embryos 
(52'2%)) for A. hatizocoi were still quiescent. This indicated 
that most pegs had ceased growth and that pods were 
forming. The pegs in .4. hati:ocoi were somewhat longer 
than other species, which caused a delay in pod formation. 
Although half of the total nutmber ofetubryos were aborted 
in A. h.pogaea (Table 3), heart-shaped embryos were also 
observed in both cultivars. Similar results were seen in A. 

Proembiryos ( , 
Mtxilitln 

D)l)eveloping Quiescent Aborted embryo growth 

0 
13'0 
I. 

0 
0 
7"0 
00 

0 
0 

105 
0 

DI 
)3 
1)4 
)I 

0 
63'0 
23'0 
409 
55.6 

0 
0 

21'6 
18-2 
0 

0 
0 

32'4 
40'9 
44.4 

1)4t 
1-I 
1-3 

Heart 

0 
8.8 
3'2 
0 
0 

0 
0 
0 
0 
0 

0 
0 
6'3 

43.7 
60.0 

D3 
D3 
D3 
D4 

0 
51'5 
30'7 
12"5 

40.0 

0 
0 

12.0 
8'3 
0 

0 
0 

32'0 
75'0 
60.0 

--

D3" 
1-0 
1-0 

Heart 

duranensis. Only early globular embryos were observed in 
A. hati:ocoi and A.glandul(i'ra,and both species had a high 
frequency of abortion (Table 2). 

Early reioductr ologent' in iterslc'cific crosses 
'A' genome annualspecies: A. duranensis x A. hypogaea 

anlreciprocal. Crosses involving ..I. duranensisas the fcnlale 
parent with either NC 6 or Argentine had 23 and 12%, 
fertilized ovules, respectively, by I d after pollination. At 
day 3 there were 30 34% devel'oping proembryos in both 
crosses (Table 4). Although the percentage olf aboted 
proembryos was .. than inhigher in I.dturanensisx NC 6 
selfled .I.duranensis, a similar pattern of development was 
observed in hybrids atnd sell's (Tables 2 and 4: Figs 5 and 7). 
Maximum embryo development was to a heart-shape by 
day 21. The largest embryos observed for the cross A. 
turanensisxArgentine was the )4 stage. however, anud all 
embryos appeared to abort by day 14. When 4. (hiranensis 
was the femnale parent. it appeared that delayed flertili/ation. 
slow procmbryo growth and early proembryo abortion 
(between 4 and 7d) limited the ntIbe'rs of 1hybrids (Figs 
and 3), but Ior at least A. dtoanensisxNC o,hybrids wottld 
have been expected ifthe seeds had remained in the soil until 
maturity. 

In the reciprocal hybrid, NC 6 x A. dtoranensis showed 
normal embryo development and no abortion at either days 

I 
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TA Himi 6. Percentage o oruh's and em'rvs in carionls reproducine dhl'elop enial ages. inilthe crosses eiwecen A. batizocoi 
and A. 

Ovules 

Number Untertilized Fertilized 
DAP* observed ( ) C%) 

.A.hatiocoi x NC 6 
116 '0) 0 
2 3 45 42'2 2"2 
4 7 84 32'1 1.2 

14 13 7'7 0 
21 15 13'3 0 

NC 6 x .4. hati:ocoi 
1 19 100'0 0 
2 3 38 44'8 2'6 
4-7 72 33'3 0 

14 20 2010 0 
21 6 0 0 

.A.Iati:'omi<Argentine 
1 24 87.5 12,5 
2 3 32 78.1 3-1 
4 7 77 48.1 5'2 

14 22 13.6 0 
21 21 23'8 0 

Argentine x ,..hati:ocoi 
1 22 95'5 4'5 
2 3 42 16'7 0 
4 7 7) 22.9 0 

14 15 0 0 
21 13 23'1 0 

* DAP. Days after pollination.
 
t-Starch observed in several embro sacs.
 

14 or 21 (Table 4; Figs 4. 6 and 8). In this cross, 87.5 (Y of 
the embryos were in the late globular to heart shape stages 
at 21 d after pollination (Table 4, Fig. 8). Although 
Argentine x .4. duiranensis also contained early globular 
embryos by 7 d after pollination, they all aborted by day 14 
(Table 4). 

- 4"gnoniel~wr'eial slu'ie.s: A. cardenasii x A. hypogaea 
and recipr'cal.When .4. cardenasiiwas the female parent, a 
high percentage of unfertilized ovules was observed 
throughout allsampling times (Table 5). Although 8'8 I, of 
the proembryos were developing in the cross A. 
cardcnasii x Argentine and 13.0% in A. cardenasii x NC 6 
by day 3. most of them aborted by day 7. The surviving
prombryos continued very' slow growth (maximum D4 

stage in .4. car'denasii x Argentine) at 21 d after pollination, 
this was considered as abnormal and they were classified as 
aborted. 

The reciprocal crosses showed delayed fertilization be-
yond day I but, by day 3. NC 6 x A. u'dhenasii a.nd 

Argentine x A. cardlnasiihad 63.0 amnd 51'5 ' developing 
proembryos, respectively. Between 4 and 7 d,both crosses 
showed a similargrowth response with developing, quiescent 
and aborting proembryos (Table 5). A relatively large 
percentage of developed embryos were observed when 
either cultivar was used as atfemale parent, and heart-
shaped embryos were observed at day 21. 

'B' genomne annual species: A. batizocoi x A. hypogaea 
and reciprocal. The crosses of A. batizocoi x NC 6 or 

hypogaea 

Proembryos (') 
Maxinitim 

)eveloping Quiescent Aborted embryo growth 

0 00 
55'6 0 0 )3 
4'8 27.4 34"5 D4 
7'7 15"4 69'2 )5 

20'0 0 66'7 1-3 

0 0 0 -­

501) 0 2'6 D3t 
292 16'7 20'8 1-2 
20'0 100 50'0 1-2 
33'3 0 66'7 1-3 

0 0 	 1ID 
18.8 ( 1 D2 
6.5 29.9 10.3 )4 
4.6 409 40.9 D5 

286 0 47'6 1-3 

0 0 0 D1 
83'3 0 0 D4t 
37"1 24'3 15'7 I-I 
20'0 20'0 60'0 1-2 
15"4 0 61'5 1-3 

Argentine contained few fertilized ovules I d after pol­
lination (Table 6). The cross A. hatiocoix NC 6 showed 
significantly more (55-6%) developing embryos by day 3 
than crosses with Argentine (18.8%). Many proembryos in 
both crosses were in a quiescent phase between days 4 and 
7. At day 14. 40.9% of the embryos aborted in .I. 
halizocoi x Argentine, whereas in -L. hai:ocoix NC 6 tile 
percentage was higher at 69.2 %V.However, at least 20% 
of the embryos wvere at an early globular stage and 
apparently 	developing by day 21 in both crosses. 

The cross Argentine x A. hati:ocoi had a higher 
fertilization percentage by day 3 and more developing 
embryos than NC 6 x 4. hatiocoi. Abortion initiated 
between 4 and 7 d in both crosses. By day 14, 500 IV,of the 

embryos had aborted in NC 6 x 4. batizocoi and 60.0% in 
Argentine x 4. /atizocoi. Both crosses had 20.0%/ 
developing embryos at day 14 and maxinmm growth to the 
late globular stage by day 21 (Table 6). 

'D'genom, anmalspecies:A. glandulifera x A. hypogaea 

and reciprocal. Fertilization occurred earlier in the cross A. 
ghnduli/lera x NC 6 than in the cross with Argentine (Table 
7), but by day 3 these differences were not significant. 
Abortion initiated between 4 and 7 d,with 29-3 "/4 in 4. 
glanhdult/'ra x Argentine, and 8.4/, in A. glandulifi'ra x NC 
6 by day 7. By 21 d, about 50 IV,of the embryos aborted, but 
a few also appeared to be developing in both crosses (Table 
7). Growth was slower in A. glantdtfiera x Argentine than in 
4. glandulfi'ra x NC 6, which had small globular embryos. 
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TABL 7. Percettage f orttes aid emhrl.os in tariolis reproducitce ktrelopmenal slages in the crosses hemteen A.
 
glandulifera and A. hypogaea 

Ovules 

Nunher Uni'ertilized Fertilized 
)AP* observed I) 

.A.ghtadldera s NC 6 
1 23 86'9 13"1 
2 3 37 51"4 2'7 
4 7 84 61'9 2"4 

14 18 33'3 
21 28 32'1 0 

NC 6 . A. ghlnifildira 
I 21 80-9 19. 
2 3 28 429 0 
4 7 90 35'6 0 

14 20 15.11 
21 5(1 0 

.A. ,'ho ndihhro x Argentine 
1 16 100"11 0 
2 3 47 76'6 2'1 
4 7 82 47-5 0 

14 12 33'3 0 
21 14 50.0 0 

Argentine x .. ghimhdli'ra 
I 25 96.0 0 
2 3 38 10.5 7.9 
4 7 72 15'3 0 

14 8 ) 012'5 
21 13 77 0 

)A 1. Da s aflter pollination.
 
t Starch observed in several embryo sacs.
 

The reciprocal cross Argentine x .I. ghidu'elirahad 4'0 % 
of the ovutles with developing proembryos by day I, whereas 
fertilization was delayed in the NC 6 crosses. However, by 
day 3. 57 % of the NC 6 females were ferti!ized (Table 7). A 
few embryo sacs cotitained starch in addition to developing 
proenlbryos up to 2 d after pollination in both crosses. 
)eveloping heart-shaped embryos were observed in both 

Argentine x A. glanhidie'ra atd in NC' 6 x A. glamhdi'ra at 
ky 21 (Table 7). 

Overall, crosses of -1. ]I.)pogiw' cultivars NC 6 and 
Argentine as female parents with the four diploid Arachis 
species showed no significant differences for fertilized ovules 
at(day I (11' = 0.05, ,y = 0.47) or for developing embryos at 
day 7 (' = 0(15. ,,2 = 1-18). However, significait differences 
were observed at days 14 (P = 0.05, y = 9.97) and 21 (P = 
1.05. ,,2 = 9.91) for developing and aborted embryos. 
Hybrids involving A. h'vpogaea subsp. fiistiicta cv. Ar-
gentine as the female parent contained more aborted 
embryos at days 14 and 21 than lid .-I. hypogaea subsp. 
ht'mpogwaa cv. NC 6 (Tables 4-7). 

DISCUSSION 

All Arachis species produce underground pods, which 
makes monitoring reproductive development diflicult in 
interspecific crosses where embryos often abort. Although 
pegs may appear healthy several weeks following 
fertilization, enmbryos of' mosl interspecific crosses exhibit 

Proembr'os (') 
. Maximum 

Developing Quiescent Aborted embryo growth 

459 
3"6 

333 
143 

0 
) 

23'8 
16'7 
3'6 

0 
09 
8'4 

16"7 
500 

DI 't 
D4 
D4 
1-0 
1-3 

(1 
571 
178 
35.0 
60.0 

0 
0 

17'8 
30.0 
4(00 

0 
0 

28'8 
20.0 
0 

DIt 
D4t 
I-I 
1-3 

Heart 

( 
19"2 
9'8 
0 
7.1 

0 
0 

13'4 
0 
0 

0 
2-1 

29"3 
66'7 
42'9 

D3 
D5 
D4 
1-2 

4'0 
76.3 
23'6 

231 

0 
0 

16-7 
0 

38'5 

0 
53 

44-4 
87'5 
30-7 

D2t 
D4t 
1-0 
1-2 
1-3 

slow growth during this period which leads to abortion at a 
later stage. Smith (1954) reported that even in self-pollinated 
A. hvlpogaea, the pod/flower ratio islow, and for interspecific 
crosses the number of seeds obtained is further restricted 
because of several incompatibility barriers. 

The results of this study indicated that a delay in 
fertilization beyond 24 h was common in both self- and 
cross-pollinated flowers. A similar observation was noted 
by Pattee and Stalker (1992a) in reciprocal crosses of 
cultivar NC 6 with A. duranensis and A. slt'osp'rnia.If the 
egg is usually fertilized 12-18I h after pollination, as reported 
by Smith (1956) for A. hpaiaea,an extended delay in the 
process could disrupt normal developmental sequences. 
Conceivably, the delay in Fertilization in this experiment vs. 
the report of Smith, could have resulted from different 
temperatures or other environmental conditions under 
which plants were grown, but tissues were collected over a 
long period during several summers and the cause of 
delayed Fertilization is not clearly understood. 

The observations indicated that detectable signs of 
abortion initiate ill peanut crosses between days 4 and 7 
after pollination. This supports the earlier report ofHalward 
and Stalker (1987h) who observed that many interspecific 
hybrid embryos abort within 10 d after pollination. 

Several processes were observed which may lead to failure 
to obtain hybrids from peanut crosses, including (a) no 
fertilization, (b) delayed fertilization, (c) inability of quies­
cent proembryos to resume growth after the peg enters the 

http:emhrl.os
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soil, and (d/ slow growth of' proembryos. For example. in 
female A. cardhnasii crosses, it appeared that lack of' 
fertilization may be the main cause for hybridization failures. 
In female A. haiiiocoi crosses it appeared as though delayed 
f'ertilization coupled with the inability of quiescent embi yos 
to resume growth after soil penetration were the causes for 
high rates of' embryo abortion. 

Several clues were provided on the applicability or 
diferent strategies to obtain peanitut interspecilic hybrids. 
First. NC 6 appeared to be a bettcr f'eride parent thant 
Argentine. In this study. embryo sacs ol'crosses using NC 6 
as femnale parent contai ned predonlinantly D33 or 1)4 stage
embryos along with starch grains even up to 3 d af'ter 
pollination: in contrast, the amoutln of slirch granules was 
depleted in Argentine crosses. Pattee a Id Stalker (19913 
hypothesized that starch gratles ill the embryo sac act is 
an energy source lor tie developing proeibro during the 
initial 3dt el'terpollination. Thus. sustained availability of' 
il ore st archIiOr a d~is lonuger ii NC' 6 vs. Argenttine may,
parallhe responibl t lieetter N(". nys for perinrmanceofnpartially be responsible for tle belief- perfornance of' NC 6Ia.Is I'eniliparenut. 

Secondly. -. hlI'ogai alppell'S to be afbetteir 1iale thain 
male paretit f'or interspecilic hybridizatioti. Use of wild 
..Iratchisspecies as femlnale parents resulted in high f'requencies 
ol n f1lrtilized ovules or aborted embryos. Based Ol crosses 
reported with mnylly other crop species, it was not unexpected 
that higher ploidy cultivated getnotypes were superior to tie 
diploid wild species (Hadley and Opetishaw, 1980: Singl, 
Moss and Slartlt. 1990). However. it may be worthwhile to 
produce lines witi the nuclear genonle of' . . Iopogaca in tile9 

cytoplasm of diflerent fA.iis species to exploit use'ul 
materiial tIrats. 

interspecitic peanut hybrids are uslally diflicult to obtain 
even when .1. ipop1 ,' is used ats lhe fl'enale parent becalse 

a lairgenI bll'erof' polli tia iOllS are necessary to obtain even 
a single hybrid (Stalker i a.. 1991). Reciprocal crosses are 
nearly inpossible for nai y desirable crosses ill section 
Arachis (Stalker. 1985: Stalker et al.. 1991 ). The limited
inLmber (20) 25) o" pollinations inide Colr ch sampling 

time in this study resulled in t. few normally developing 
embryos aill ia\ partially explain wily no developing
embryos were observed at days 14 and 21 between Argentine 
a n d , I l r l H l . ' . v e ' . l i t S l l ~ '~ \ .I e ~ l t d .ia i 1. dairanensis whle rea s thle sa me cross was reported asSLICCCSSfuLl )y Stalker vit il. { 1991 ). Even though A-. 

glanduli/f',r enlblyros seemed to sIiow noriimal growth intil 
21 d af'ter polliniation, no viable hybrids have beeni obtained 
(Stalker 't ad., 1991 ). The conclusion is that these embryos 
abort relatively late in the reprod uctive cycle when embryo 
culture tech niquILies be used to obtainnlattll'e/1could successfuillyplnswn
iiiture platits. 

In sum liry, the observttions of' this study, coupled with 
those of' Pallttee and Stalker ( 1991. 1992 a.(1), provide details 
of'various I'actorsiff'ecting embryo growth lild development
of' crosses in section .tichi.\. Increasing tile numnber of' 

pollintions per cross, using the cultivated species as the 
Female parent, utilizing different .A. /t.ii/oga, '\,rielies. aind 

embryo rescue techniques are suggested to improve the 
probability of obtaining interspecific hybrids in 1hrachis. 
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