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distinguishable morphological features were irradiated with 5, 10, 15 and 20 kR gamma rays and
grown surrounded by a pollen parent. The effect of irradiation on pollen sterility and other
quantitative characrers was studied in M. Pollen sterility increased almost linearly with increase
i dose in each cultivar. There was significant variety x dose interaction. The correlation between
inherent pollen sterility {measured in control} and percent increase in sterility was negative. The,
induced variation was significant only for five quantitative characters, Fifteen kR was the most
effective dose for inducing a high level of pollen sterility without causing significant change in
other characters. The correlation between pollen sterility and cross-pollination % was positive
and significant implying that induced pollen sterility would enhance cross-pollination.

INTRODUCTION

!“_iL“IAGENS have been successfully used to induce
different types of sterility in various crop plants.
For example, X-ray-induced male sterile mutants
were reported in rice,' wheat,'*™ watermelon
and cucumber'*! and gamma ray induced male
sterile mutants i.usugarh:ct.“ ) However, current
*Mphasis is on inducing partial pollen sterility
which would lead to enhancement of natural
OUtcrossing.''?) For example, an increased rate of
Outcrossing from 0.5-2.4%, o 2.4-60% was
reported by mutagen treatments in oats,”® and up
0 55%, by ‘Ethrel’ in wheat.!® Use of partial male
fenility in hybrid ryegrass production™ and
enhancement of pollen sterility by diethyl sul-
Phate?) in groundnut have been reported. It is of
‘nterest therefore to examine in groundnuts, a self-
Pollinated | e, the extent of pollen sterility
Indyced by low doses of gamma irradiation and
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consequent enhancement in outcrossing. Results
of such an attempt are reported in this paper.

MATERIALS AND METHODS

Six cultivars with distinct morphological
features—NC Ac 12, NC Ac 10 and NC Ac 2144,
belonging to Virginia bunch, M 13 to Virginia
runner, and GDM and PI 259747 1o Valencia
sub-groups were chosen. Seventy-five to 200 dry
seeds of these cultivars were irradiated at 5, 10, 15
and 20 kR gamma rays (much below LDsq, which
is about 45 kR from a ¥ Co source and then were
grown in the 1980 post-rainy season at the
Regional Station, Indian Agricultural Research
Institute, Hyderabad, India in a split-plot design
with two replications. Cultivars formed main-
plots and doses (including control) sub-plots,
Seeds were sown 20 cm apart in rows of 6.6 m
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length with a row width of 60 cm. Each sub-plot
consisted of four rows except those for NC Ac 12
and GDM. Sub-plotz of NC Ac 12 consisted of two
rows each and those of GDM consisted of two
rows in one replicaton and one row in the other,
Each sub-plot was surrounded by the pollen
parent Gangapur, a Valencaa cultivar.,

Pollen sterility using acetocarmine sraining,
was observed at two stages of plant growth: (a)
flowering and (b) 30 davs after flowering on five
randomly chosen plants in each row of the sub-
plots. In the second stage, observation on pollen
sterility could be taken in one replication only.
Germination percentage and mean number of
days to flowering were measured on each sub-
plot while seven other characters, riz., number
of primary branches, number of secondary
branches, number of aerial pegs, number of
mature pods, weight of mature pods, number of
mature kernels and weight of mature kernels,
were observed on’ 10 random plants per row in
each sub-plot.

Flot means were used for split-plot ANOVA.
Data on pollen sterility were analysed over the
two stages. The following method was used to
identify the optimum dose that induced maxi-
mum pollen sterility without causing significant
change in other characters. First, the characters
for which variation among doses was significant
were identified. Then for each character the
differences between the mean of the control and
each of the 4 doses were tested for their statistical
significance by a f-test. A significant difference
was allotted a score of *1" and a non-significant
one, a score of ‘zero’. The scores over all the
characters were added to geta final score for each
dose. The dose having the least final score was
considered 1o be optimal.

Cultivars were ranked on pollen sterility 9
(highest value getting the rank 1} under control
and on percentage increase in pollen sterility over
control under each dose. Spearman’s rank corre-
lation coefficient (r} was calculated between the
ranks under control and those under each dose.

To determine cross-pollination %, 1527 plants
(over the 6 cultivars) on which detailed obser-
vations were taken in M, F, were advanced to the
M,F, generation on a plant-to-progeny row
basis. A total of 10,821 plants was observed for
segregation for pod and seed characters—pod

size, pod beak, pod constriction, pod texture ag;
seed coat color. A plant deviating from the seed
pollen parent in any one or more of the pod ay
seed characters was considered to be a hybrid. -
criterion A, In addition, two quantitative charg,
ters, pod and kernel weight, were observed. Ty,
mean and standard deviadon (5.D.} of the t,
characters for the seed and pollen parents wey,
calculated separately. A plant which had a valy,
greater than (mean <+ S.D.) of the better parenty
smaller than (mean—S.1.} of the inferior pare;
was considered to be a real deviant and given;
score of ‘17; otherwise a score of ‘zero’. The toy
score across the two characters was computed fy
each plant. Plants obraining a score of ‘2" wey
congidered to be hybrids—criterion B. Plany
which were hybrids by both the criteria A and}
were taken to be actual hybrids. Cross-pollinatis
9 was calculated as the proportion of acty
hybrid plants obtained in the MJF, generatg
out of the plants raised in the M, F,; generation fg
each variety—dose combination. The correlatie
coefficient between pollen stenlity %, induced b
irradiation and outcrossing %, was the
calculated.

RESULTS AND DISCUSSION

The vanation due to doses was significant for
pollen sterility % and five other characters [ Tabi
1. The overall differences among cultivars wer
sigrificant for 8 characters while cultvar x dos
interaction was absent for all of them. Irradiatio
was effective in enhancing pollen sterility 9
(Table 2). Pollen sterility remained almost of the
same magnitude in both stages, indicating thatil
was physiologically age-neutral. Although overal
variation among cultivars was not significan,
there were differences in their inherent sterilin
(under control) and irradiation doses. Polls
sterility increased with doses in both stages d
plant growth. However, significant difference
between control and irradiation doses withi
individual cultivars were found for wvanon
charactersin stage I above 5 kR only, Thus polle
sterility induced by 5 kR was not sufficient as wa
also brought out by the non-significant rant
correlation. But for the higher doses of radiation
the relationship between pollen sterility of th
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Tabie 1. ANOVA for 10 quantitative characters of groundmnuts in the M, Fy generation

m—

Variety x

Souroe Chultivars Error 1 Dioses dose Error 2
d.f. 3 3 4 20 24 -
Germination (%) " 76.2 NS NS 77.6*
Days to flowering * 6.7 * NS 3.8
Primary branches NSh 3.5 NS NS 0.5
Secondary branches " 43.1 NS NS 6.0
Aerial pegs . 477.2 NS NS 81.2
Mature pods o 21.4 ¥ N3 30.2
Pod weight ™ 28.0 . N5 15.1
Mature kernels * 6l.4 - N§ 20.6
Kernel weight - 10.5 " M5 3.4
Pollen sterility (%) N&* 4.4 " * 51

* Bignificant at 59, level.
*Values represent eITOr AN SQUATES.
® Mon-significant.

“ Based on pooled analysis over 2 stages,

Table 2. Mean poilen sterility %, of groundnuts in 2 stages, under partous doses af irradiation

Dinses (kR
Cultivars Stage 1] - 10 15 0 Mean
MO Ac 12 I A.1 7.2 19.6 33,9 27.9 17.3
11 8.5 10.0 19.1 797 979 17.7
GDM I 14.9 17.4 19.5 18.1 23.0 19.6
11 [5.6 161 7.8 M2 28.2 28.5
P1 259747 I I1.9 15.1 18.9 21.1 310 19.6
1T 1.3 13.0 18.2 19.7 27.1 17.9
M 13 I ile 13.3 13.6 29.4 29.9 18.2
i1 11.1 13.9 16.6 21.5 26.1 17.8
WO Ac 7144 T 124 14.7 16.00 3.0 27.4 18.7
II 9.5 11.5 17.8 21.5 28.7 17.7
NC Ac 10 I 6.7 G4 16.4 2.8 23.6 15.8
. 11 g.7 12.0 17.6 22.0 237 16.8
Owerall I 10.6 12.9 17.3 L 28.0
11 105 12.7 17.8 21.2 270
Rank correladon
cocthicient berween i
control and 1 —.200 —~(0.600 —0.943% —(),945%
respective doses 1Z — (.257 —0.945% — 1.000# — . 586%

r

* Sigruficant at 39, level.
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Table 3. Ouizrossing % wunder vartous doses of rrradiation

Rank correlation
Dose (kR cocfficient between
—_— pollen sterility
Cultivar 0 3 10 15 20 Ohverall and outcrossing (%)
NC Ac 12 10.7 ) 5.1 12.8 8.5 8.8 0.100
GDM 0.0 7.1 11.1 1.3 11.1 8.0 G.975*
P1 259747 0.0 2.6 5.0 0.0 6.7 2.2 0.670
M 15 43 533° 97 30.9 25.4 20.8 0.300
NC Ac 2144 0.0 8.6 11.1 11.7 16.7 8.7 1.00G*
NC Ac 10 17.5. 125 9.1 25.0 30.7 18.7 0.600
Overall 5.4 10.2 6.8 14.1 [4.8 11.8 0.900*
* Significant at 3% level,

control and increase in sterilicy was definite and
inverse,

If the induced sterility is to be used in recombi-
nation breeding by enhancing outcrossing, the
changes induced in other characters of the geno-
type should be minimal. Since pollen sterility is
positively correlated with outcrossing 9 (Table
3) it should be as high as possible.

The character means under 5 kR were sighifi-
cantly hicher than those under the control for 4 out
of the 5 characters that were affected by radiation
doses (Table 4}. They were almost similar to the
control at 10 and 15 kR but declined significantly
for 4 characters at 20 kR. Owerall, the plant
phenotypes were not significantly altered under

10 or 15 kR (Table 5). In spite of its beneficiy
effects in increasing the value of 4 characters, 5kf
was not the desirable dose because of 115 loy
induction of pollen sterility, Though 10 and 15kE
had almost similar effects on the cultvars, th
latter induced more pollen sterility than the
former (Table 2). Therefore, 15 kR was the moy
effective and desirable dose.

The ultimate utility of the increased polla
sterility depends on how much enhancement iy
outcrossing it leads to. A significant and positive

“rank correlation (r=10.9) was found betwee

pollen sterility and outcrossing %, (Table 3]
The correlation coefficient was significant and
positive for the cultivars, GDM and NC Ac 214

Table 4. Means under various duses of irradiation for 5 characters of groundnuts

Character
Mature Pod Mature Kernel
Dose Days wo pod weight kernel weight
(kR flowering  pumber () number (g)
0 47 .4 23.6 229 2.4 10.2
3 47.2 29.0 27.8 28.9 12.0
I0 46.9 23.2 22.7 24.4 10.2
13 47.7 23.6 23 2585 9.4
20 449.1 21.8 18.2 19.0 7.6
Lsd (0.05) 1.3 4.6 3.3 3.8 16
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Table 5. Significance score of the difference tn means under various doses with control

Character
Mature Pod Mature  Kernel

Dose Days to pod weight kernel weight Total
kR) flowering  number (g} number (g) SCOTE

B 5 0. | 1 | 1 &

10 o 0 o 0 0 0

15 0 0 0 0 0 0

20 1 0 | 1 1 4

* Score = 1 for significant difference ; = 0 for non-significant difference,

and pusitive though not significanc for others.
{ncreased rates of outcrossing were also ob-
erved under mutagen treatments in similar
smdifts.{g'“']a:

Iri view of the significant cultivar % dose inter-
action for pollen sterility, a single dose may not be
universally effective for all the cultdvars. Never-
theless low doses of irradiaoon could enhance
pollen sterility to result in inecreased natural
outcrossing in groundnut. While the highest
natural crossing reported in groundnur so far is
about 6.6%,'" gamma irradiation of 5 kR could
produce as high as 339, outcrossing in a cultivar,
M 13 with a mean outcrossing of 219, over doses
(Table 3}. This enhanced outcrossing can be very
effective in groundnut where hand emasculation
and pollination are arduous and often do not
result in high frequencies of true hybrids.
Repeated cycles of irradiation can then be a use-
ful technique for increasing recombination.
However, the efficiency of such schemes needs
extenzive experimental evaluation,
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