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Summary. Six groundnut  genotypes belonging to the 
Virginia and Valencia sub-groups were irradiated with 
gamma rays at doses o f  5, 10, 15 and 20kR,  much 
below LDso, and grown surrounded by a pollen parent 
in a split-plot design. The succeeding two generations 
were checked for the occurrence o f  hybrids by ex- 
amining the segregation for pod and seed characteristics 
and the two quantitative characters, pod and seed yield. 
Cross-pollination up to 20.8% was observed in 'M13', a 
Virginia cultivar. There was a genotype-dose interaction 
for the extent o f  cross-pollination. Cross-pollination 
was higher in Virginia than Valencia genotypes and 
more frequent under 15 and 20 kR than under other 
doses, in general. The observed substantial enhance- 
ment o f  cross-pollination encourages the use of  seed 
irradiation at proper doses as a method for increasing 
recombination in plant breeding programmes. 
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Introduction 

Efforts to increase productivity in self-pollinated crops 
stimulated, in its wake, a search for male sterility and 
other outcrossing mechanisms (Rachie etal. 1975). 
Such mechanisms play a role in accelerating recombina- 
tion in recurrent selection cycles. 

Natural outcrossing of up to 6% has been reported to 
occur under field conditions in groundnut (Kushman and 
Beattie 1946; Hammons and Leuck 1966; Pompeu 1974; 
Anonymous 1978), yet it is not high enough to ensure 
adequate recombinational variability for effective selection. 

Mutagen treatment has been reported to enhance out- 
crossing rates in such self-pollinated crops as oats (Grindeland 

and Frohberg 1966), wheat (Rana and Mathur 1967) and 
barley (Hermelin and Brunner 1976). Of the mutagen treat- 
ments, gamma irradiation of seeds is relatively easy. However, 
the dose of irradiation should be kept low, much below LDs0, 
to keep the frequency of mutations and consequent con- 
founding variability also low. Outcrossing resulting from such 
a treatment is usually measured using genetic markers and 
ideally these markers need be distinctive and conditioned by 
single dominant genes with complete penetrance to enable 
unambiguous hybrid detection in the F1 generation. In gener- 
al, most of the characters in an allopolyploid like groundnut 
are conditioned by more than one gene. A majority of single 
dominant genes were found to be unsuitable as markers for 
estimating the frequency of natural outcrossing in groundnut 
(Hammons 1964). When yield improvement is desired, the 
genetic markers should also preferably combine genes for 
productivity (Norden 1980). Further, such markers can have 
variable expressivity in various cultivars. It is then difficult to 
measure outcrossing using them. 

Taking all these factors into account, a study was 
formulated in groundnut using six cultivars as seed 
parents and a cultivar, distinctly different from these 
six, as the pollen parent. The main objective was to 
examine whether outcrossing could be enhanced by 
gamma irradiation. If  so, it will have definite implica- 
tions in breeding for productivity. 

Materials and methods 

Six seed parents with distinguishing characteristics (Table 1) 
were selected along with a pollen parent, 'Gangapuri'. Seven- 
ty-five to 200 dry seeds of each cultivar were irradiated with 5, 
I0, 15, and 20kR gamma rays, respectively, from a 6~ 
source available at the Osmania University, Hyderabad (In- 
dia). They had been grown during the 1980 post-rainy season 
at the Regional Station, Indian Agricultural Research Institute, 
Hyderabad, surrounded on all sides by the pollen source. 

One thousand five hundred and twenty-seven single plants 
of the M1F0 generation were raised to the next two generations 
on a plant-to-progeny basis; 10,821 single plants and 655 
progeny bulks (consisting of 10,515 plants) were carefully 
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Table 1. Distinguishing features of the varieties used to estimate cross-pollination 

Cultivar Group Branching Leaf Flower Pod Seed 

'NC Ac 12' Virginia bunch Profuse Yellow, medium, Yellow 2 seeded, Pink, 
thick slightly beaked, medium 

constricted 

'M 13' Virginia Profuse Dark green, Light 2 seeded, Light pink, 
runner small, thick yellow large large 

'NC Ac 2144' Virginia bunch Profuse, Krinkled Yellow 2 seeded, slightly Pink, 
ribbed (corduroy), beaked, large medium 

dark green, 
medium 

'NC Ac 10' Virginia bunch Profuse Dark green, Yellow 2 seeded, medium Pink, 
small, thin medium 

'GDM' Valencia Few, compact Dark green, Yellow 2-3 seeded, Red, small 
(dwarf) small, thin long 

'PI 259747' Valencia Few, hairy Bluish green, Orange 2-3 seeded, Dark brown, 
hairy, large, slightly beaked, compressed, 
thin deeply grooved, small 

medium 

'Gangapuri' Valencia Few, Light green, Yellow 4 seeded, smooth, Red, small 
pigmented large, thin long 

examined in the M2F1 generation for a number of pod and 
seed attributes - pod size, beak, constriction, texture and seed 
coat (testa) colour. In 527 plant progeny and 56 progeny 
bulks, at least one plant was different from the seed and pollen 
parents for one or more of those attributes. They were thus 
suspected to be hybrids and forwarded to the M3F2 generation 
by a fair sampling process. 

A large number of plant families were examined for the 
above pod and seed attributes. A progeny in which at least 
one plant deviated from the seed and pollen parent in one or 
more of the attributes was counted to be a hybrid progeny - 
criterion A. 

In addition, segregation for two characters, pod and seed 
yield, was also examined. For this purpose, the mean (m) and 
standard deviation (s) of the two characters in the control plots 
of seed and pollen parents were calculated separately. A plant 
which had a value greater than (m + s) of the better parent or 
smaller than (m-s) of the inferior parent was considered to be 
a real deviant and given the score 1; otherwise, a score of zero. 
The total score across the two characters was computed for 
each plant. Plants obtaining a score of 2 were considered to be 
possible hybrids - criterion B. A progeny in which at least one 
plant was a hybrid by both criteria A and B was taken to be 
an actual hybrid. Every hybrid progeny thus detected was 
different from their parents for at least a minimum of three 
characters (and maximum of six). Cross-pollination percent 
was then equal to I00• (number of hybrid progeny obtained 
in M3F2/number of single plants in M~F0 from which M3F2 
was derived). 

Results and discussion 

A disquietening feature of the study is how to be sure that the 
estimates of outcrossing percent do not include a large or 
small proportion of mutations. First of all, the study could not 
have been based on simple genetic markers, as traditional 
approaches would recommend. For example, even testa colour 

is not simply inherited. 'Gangapuri' has red testa, supposedly 
dominant. Crosses between 'Gangapuri' and 14 parents in 
direct and reciprocal combinations (Arunachalam et al. 1980) 
did not provide supporting evidence. On the other hand, the 
dark brown testa of 'PI 259747' was dominant in some crosses 
and persisted in a high frequency even up to the F7 generation 
(Koteswara Rao, pers. commun.). The inheritance of testa 
colour depends very much on the parental material. While 
screening for white testa peanut phenotypes, Hammons and 
Branch (1982) found four accessions to be recessive at all five 
loci that conditioned testa colour. F2 populations from mar- 
ker-identified natural crosses of each of these lines to a tester 
genotype homozygously dominant at four of the testa colour 
loci fitted the ratio 225 tan: 31 white. Branch and Hammons 
(1980) were also able to establish in some other material 
incomplete dominance for each of the two genes, R1, R2 that 
controlled testa colour. They could establish absence of link- 
age and incomplete dominance at each locus. Some other 
studies reported that red and white testa colour segregated in 
a 3:1 ratio (Jadhav and Shinde 1979) and that the various 
shades of red testa were governed by two major genes with a 
possible third locus present (Ashri 1969, 1970). 

We examined the frequency of progeny resembling 
the seed parent  in testa colour and those showing 
intermediate testa colour from the 583 progeny that 
were suspected to be hybrids for pod shape, constric- 
tion, beak, texture and size in the M2F1 generation. It 
may be pointed out here that the remaining 944 out of 
1,527 progeny in the M2F1 resembled the seed parent  in 
all characters including testa colour. It was found in 
almost all cases, regardless of the irradiation dose and 
seed parent, that the progeny resembled the seed 
parent  in testa colour (Table 2) with a few progenies 
having a colour intermediate between the seed and 
pollen parent (but mostly incl ining towards the seed 
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Table 2. Testa colour of progeny suspected to be hybrids on pod shape, constriction, beak, texture 
and size 

Dose kR Seed parent Total 

'NC Ac 'M13' 'NC Ac 'GDM' 'PI259 'NC Ac 
12' 2144' 747' 10' 

0 s 6 13 5 5 6 33 68 
i 0 1 0 1 0 1 3 
t 6 14 5 6 6 34 71 

5 s 13 53 14 12 26 31 149 
i 1 0 0 0 2 1 4 
t 14 53 14 12 28 32 153 

10 s 10 23 12 10 12 16 83 
i 1 1 0 0 3 0 5 
t 11 24 12 10 15 16 88 

15 s 13 44 15 6 12 27 117 
i 0 5 0 0 0 0 5 
t 13 49 15 6 12 27 122 

20 s 20 45 12 14 7 51 149 
i 0 0 0 0 0 0 0 
t 20 45 12 14 7 51 149 

Total s 62 178 58 47 63 158 566 
i 2 7 0 1 5 2 17 
t 64 185 58 48 68 160 583 

s = number of progeny resembling seed parent in testa colour; i=  number of progeny whose testa 
colour was a shade different from that of seed parent, and classified intermediate; t = total 

parent). This clearly established that in the M2F1 
progeny (with distinct differences in some other pod 
attributes), M2 variability was absent for testa colour. 
Due to the extensive evidence we assembled earlier for 
the complex inheri tance pattern reported for testa 
colour, we chose to examine F2 segregation for more 
than one character to decide on the extent of possible 
cross-pollination. In addition, the following points pro- 
vided further possible safeguards to avoid mix-ups 
between F2 and mutat ional  segregation: 

a) The cultivars used in this study were pilot-tested 
with various doses of gamma irradiation. The LDs0 was 
determined to be 45 kR. Ten and 15 kR, under  which 
high outcrossing percentages was observed, were thus 
doses one-third of, or below the LDs0. Such doses may 
not be expected to induce high frequencies of muta- 
tions for at least three characters simultaneously in a 
polyploid like groundnut .  

b) Pollen sterility percentage induced by irradiation 
in M1Fo was found to be positively correlated with the 
estimated cross-pollination percentage (r=0.9,  signifi- 
cant at 5% level). 

It is known that induction of pollen sterility is a mecha- 
nism with which to promote cross-pollination (Thurman and 
Womack 1961; Grindeland and Frohberg 1966; McKenzie 
et al. 1975). 

Table 3. Number of plants deviating from the parents for one 
or more pod and seed attributes in M~FI generation and their 
progeny that segregated in M~F2 generation counted as true 
hybrids 

Dose Deviate based on distinct Deviants segre- 
(kR) differences for characters gating in M~F2 

generation 
1 2 3 4 Total 

0 45 25 1 - 71 16 
5 88 54 8 3 153 38 

10 52 32 4 - 88 21 
15 71 47 4 - 122 46 
20 97 48 4 - 149 48 

Total 353 206 21 3 583 169 

c) Deviant plant  progeny were isolated in the M2F1 
generation. Their progeny, in the next (M3F2) genera- 
tion, which segregated for three characters (one pod/  
seed attribute under  criterion A, pod and kernel weight 
under  criterion B mentioned for hybridity) or more 
were taken to contribute to cross-pollination (Table 3). 
This process eliminated an overestimation of the extent 
of outcrossing. In general, F2 segregation would be 
expected to be higher than M3 segregation. Further, the 
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Cultivar Dose (kR) Overall 

0 5 10 15 20 

'NC Ac 12' A 3 4 3 6 3 19 
B 6 9 10 12 12 49 
H 3 3 2 5 3 16 
P 10.7 7.7 5.1 12.8 8.3 8.8 

'M 13' A 3 36 8 27 24 98 
B 5 40 16 39 31 131 
H 3 24 7 22 18 74 
P 4.3 33.3 9.7 31.0 25.4 20.8 

'NC Ac 2144' A 0 2 3 5 5 15 
B 1 10 9 9 6 35 
H 0 2 3 5 5 15 
P 0 3.4 5.6 8.3 13.9 5.4 

'GDM' A 0 1 4 3 3 11 
B 2 3 5 2 2 14 
H 0 1 3 3 3 10 
P 0 3.6 11.1 10.3 11.1 7.3 

'PI 259747' A 0 2 2 0 3 7 
B 6 22 14 5 7 54 
H 0 2 2 0 3 7 
P 0 3.0 3.2 0.0 6.7 2.2 

'NC Ac 10' A 14 6 4 11 20 55 
B 33 30 14 26 56 155 
H 10 6 4 11 16 47 
P 17.6 12.2 7.3 25.0 30.7 18.3 

Overall N 325 313 310 312 267 1,527 
P 4.9 12.1 6.8 14.7 18.0 11.1 

A = Based on pod and seed characteristics; B = based on pod and seed yield; H= hybrids by both A 
and B; N =  number of single plants in M1Fo from which M3F2 was derived; P = cross-pollination % 

frequency of  muta t ion  i f  it occurred at all, could not  be 
high since in none of  the M~ families were all or most  
o f  the plants found to be deviants from either parent.  

d) Moreover,  at doses 10 to 15 kR, muta t ions  can- 
not  occur at a very high frequency. At  worst, therefore, 
the values o f  cross-poll inat ion repor ted  m a y  be margin-  
ally reduced. This does not  impa i r  in any way the 
impor t  o f  the results that will now be presented and 
discussed. 

The cultivars used in the s tudy were true breeding.  
'NC Ac 10', 'NC Ac 12' and  'NC Ac 2144' were ob- 
ta ined from the germplasm main ta ined  at ICRISAT 
and have not been grown extensively in India.  The 
fairly large number  o f  deviants under  0 kR in the first 
two, indicated they may  have yet  to at tain complete  
homogenei ty .  

Cross-pol l inat ion up to 20.8% was found to occur in 
'M13',  a Virginia Runner  cult ivar (Table 4). It was low 
(2.2%) in 'PI 259747', but  modera te  (8%) in ' G D M ' ,  
both  belonging to the Valencia sub-group.  The results 
suggest that cross-poll inat ion was induced  more  in the 
Virginia than in the Valencia types. Virginia types, in 

general,  produce more flowers which span a longer 
per iod  than Valencias. Flowers a round  the basal  nodes 
only produce  pods in Valencia types. Thus, the distr ibu-  
tion o f  flowers over space and time in seed parents  may  
have an impor tan t  bear ing on the extent  o f  outcrossing. 
The presence o f  cul t ivar-dose interact ions suggests the 
need for the p roper  choice of  both  seed paren t  and  
i r radia t ion dose to obta in  high cross-poll ination.  

Estimates of  cross-pol l inat ion percent  were based 
on a large sample of  more  than 23,000 plants  in the 
M~F2 generation.  Further ,  4,875 plants  o f  seed parents  
(in the 30 variety-dose combinat ions)  were sur rounded  
by 13,110 plants of  the pol len  paren t  in the M1F0 
generat ion,  providing near ly  a I : 3 ratio of  seed : pol len  
plants. Since every seed p lan t  could not  ideal ly  be 
al ternated with a pol len  p lan t  due to a pauci ty  o f  seeds, 
it may  be argued that  cross-pol l inat ion percentage has 
been under-est imated.  However,  the ma in  focus of  the 
study was to find whether  cross-pol l inat ion could be 
enhanced by seed irradiat ion.  

Cross-pol l inat ion achieved through seed i r radia t ion  
is very useful for tackling special breeding problems  
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like incorpora t ion  o f  resistance in a product ive cultivar. 
In this case, for example,  the seed parent  can be 
i r radia ted  at a p roper  dose and grown in isolation 
sur rounded  by resistant genotypes to al low cross-pol- 
l inat ion by them. Desirable  recombinants  can be se- 
lected and al lowed to increase in frequency gradual ly  
through recurrent  cycles of  i r radia t ion and selection. 
Breeding lines combining  yield and resistance could 
thus be produced in a shorter  t ime with greater  ease 
than is possible through convent ional  pedigree or back 
cross breeding.  The confounding of  variat ion induced 
by radia t ion with that  due to outcrossing is to be 
considered as unavoidable .  
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