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"Heterosis and Combining Ability in Onion (Alliumcepa L. Var.

aggregatum Don.)*

I. R. SUTHANTHIRA PANDIAN! and C. R, MUTHUKRISHNAN®

Ten aggregatum onion lines (Allium cepa L. Var, cggregotum Don) & were crossed
with three testers in the lineXtester method to get 30 crosses and to choose suitable
combiners and best hybrid combination for exploitation of hybrid vigour. The siudy
revealed that the lines P} and PY™ and tester T! were found to exhibit high mean
expression and high gea effect for yield and yield components indicating their use as
appropriate parenis in a crossing programme for further accumulstion of favourable
genes through recombinations.  The hybrids P1 X TL and P1® % T1 were found to be
desirable for the purpose of exploitation of hybrid vigour because of combined expression
ol_' high mean, heterotic expression, sca effect and also the parents invalved possessed
high expression of gca effects, Plant height, numbar of leaves, number of bulbs, weight
of plant, shape index and Tss were governed by non-additive genetic {actors suggesting
that these traits could be improved through heterosis breeding, The role of additive

genetic factors- was observed for weight of bulbs and days to maturity.

The hybrid vigour in plants is
Explnifed for higher production in
several crops. Heterotic expression &s
exhibited by various economic plant
characters is reflected on the produc-
tion potential of a hybrid. The mag-
nitude of general and specific com-
bining ability variances is helpful
in the selection of suitable parents
and hybrids for designingan efficient
breeding schedule. The investigations
reported herein relate to the extent
and nature of heterosis and to have
an insight into the importance of the
general and specific combining ability
in the selection of suitable parents
and hybrids in onion (Allium cepa
L. Var, aggregatum Don).

—

MATERIAL AND METHODS

A set of thirty crosses involving
ten aggregatum cnion lines and three
testers in a line x tester method was
grown along with their parents at
the Faculty of Horticulture, Tamilnadu
Agricultural  University, Coimbatore.
The material comprising 43 entries
(13 parents and 30 crosses) was raised
in single row plots in randomised
block design with five replications in
bulb to bulb generation. In seed to
bulb generation the parents were not
compared with the F1's. The obser-
vations on plant height, number of
leaves, number of bulbs, weight of
plant, weight of bulbs, day of maturity
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shape index and bulb density were
recorded on randomly selected 30
plants * per replication and T.S.S.

on the composite sample having one

bulb from each of the selected plants.
The magnitude of heterosis was
worked out as per cent deviation over
the estimated mid-parent (di), better
parent (dii) and best parent (diii)
values for bulb to bulb generation
respectively. The mean of each cross
was computed and the data were sub-
jected to line X tester analysis, General
;umbirﬁng ability effects of parents
and specific combining ability effects
of hybrids were worked out as sug-
gested by Kempthorne (1957) for
both seed to bulb and bulb to bulb
generations. In the present paper the
gca effects and sca effects of bulb to
bulb generation alone were furnished.

RESULTS AND DISCUSSION

The variances due to hybrids, lines,
testers and line X tester interactions
were significant for all the characters
except bulb density in seed to bulb
generation. In bulb to bulb genera-
tion all - sources of variances are
highly significant except variances due
to testers for T.S.S. and that is due to
line x tester interactions for bulb den-
sity (Table | and I1).

High mean expression was Ob-
served in line P1 for weight of plant,
weight of bulbs, plant height, T.S.S.
and shape index. Simlarly high mean

HETEROSIS AND COMBINING ABILITY IN ONION

weight of plant and weight of bulbs.
These were followed by line P56 in the
mean expression for bulb vield and
yield components like number of
bulbs, weight of plant and TSS and
low mean for days to maturity (earli-
ness). Among the testers T1 recorded
high mean expression for number of
leaves, number of bulbs, weight of
plant, weight of bulbs, shape index
and low mean for days to maturity
(Table I11).

The higher mean expression ef
lines P1, P65 and P10 and tester T1
for the characters referred above for
each parent coincided with higher and
significant gca effects observed for
these lines for the respective traits
(Table 1V).

High mean expression was ob-
served in the hybrids P1 X T1 and
P10 ¥ T1 for most of the characters
studied (Table V).

Higher expression was observed
for di and dii estimates most in of the
characters. Higher expression of
heterobeltiosis was evident in P1 x T1
for plant height (10.52 per cent),
number of leaves (15.34 per cent),
number of bulbs (24.92 per cent),
weight of plant (50.98 per cent),
weight of bulbs (41.20 per cent), T.5.5
(13.11 per cent) shape index (22.94

" per cent) and negative value for days

expression was observed in line P10~

for plant height, number of leaves,

709

to maturity (-5.70 per cent). Similarly
higher expression of heterobeltiosis’
was observed for P10 » T1 for num-
ber of leaves (29.54 per cent), number
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of bulbs (13.53. per cent), weight of
plant (21.06 ‘per cent), weight of
bulbs (2210 per cent) and earliness
(-8 52 per cent). The highest hetero-
beltiosis was observed in P1 X T3 for
plant height (25.70 per cent), in P9
T2 for number of leaves-(35:76 per
cent), in P2 X T1 for number of bulbs
(26.46 per cent), in P1 X T1 for
weight of plant (5098 per cent), and
weight of bulbs (41.20 per cent), ‘in
PS5 % T3 for T.5.S. (13.78 per cent), in
P1 X T1 for shape index” (22.94 per
cent) and earliness was observed in
P2 X T1 (-14.01 per cent). Significant
and positive sca effects were observed
in P1 %X T1 for plant- height .(1.968),
number of leaves (4.535) nuiber”of
bulbs (0.940), weight of plant (8.604),
weight of bulbs (6.360) and shape
index (0.074)‘and negative effect-“for
days to maturity (-1.354). Similarly
significant and positive sca effects
were observed-for P10 X T1 for num-
ber of leaves (4.415), weight of plant
(7 810) and weight of bulbs (7.200).
Next in order was PS5 X T2
(Table V1).

In the present material, the line P1
‘and P10 exhibited high gca effects and
high mean expression for yield and yield
components. Currence et al (1944) and
Singh and Joshi (1966) have. stressed
the importance of gea elfects for sel-
ection of parents. ‘Kalloo et ol. (1974)
stated that array mean itself is enough
‘to choose-suitable ‘combiners. But lines
P1 and P10 combine both high gco
effect and high mean, indicating their

AR

HETERDSIS AND COMBINING ABILITY 1R ONION

superiority as better combiners than
other lines and testers.

The combination P1 X T1 exhibited
positive values for all the three heterosis
parameters namely di, dii and diii for
the traits like plant height, number of
bulbs, weight of plant, weight of bulbs,
T.S. S. and shape index, The hybrid
P10 XX T1 exhibited positive :values for
the three heterosis parameters for
number of leaves, weight of plant,
number of bulbs and weight of bulbs.
Exploitation of hybrid vigour in onion
was common as teported by g;ejmral
workers like B"chvarov and Trifonov
(19761 & Hosefield et .al. 1976a, b
and 1977 b- Kazakova and Yakovlev
(1974) Meer Vander and Van Banrikom
(1973) and Peterson (1976). in the
present .material - also hybrid -vigour
expression for yield and. yield .com-
ponents even over the best . parent
Aavailable was explnited_-‘cleaﬂv, in

‘general -for “most of the-hybrids and

P1 % T1 and P10 X T1, in particular.

‘A moderate Heterosis for earliness
was observed in these. two hybrids
P1xT1 and P10XT1 (better than better
‘parent only). But P53 T1 and P5 X
T2 were outstanding for their earliness
recording negative values up to diii
estimates. Similar results were rczorted
for hybrids of common onion (Hosefield
et al. 1977b and-Todorov 1977). Both
negative and positive heterosis were
reported in F1 hybrids of onion (B"chva-
rov and Trifonov 1976) as was the case
in the presznt material also.
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The estimate of sco effects is yet
another way of assessing the value of
hwbrids apart from mean expression and
heterotic perfurmance. Hybrids which
combine high expression of mean,
hybrid vigour and high sce effects are
reliable for considering them.as hybrics
with potential heterotic influence. Suc
an analysis in this investigation indi-
cated that significant and positive sca
“effects were observed in hybrids with
high heterotic performance,  Further
these crosses involved parents with high
exprassion of gca effect and high mean.

The hybrid P1 x T1 exhibited signi-
ficant and positive sca effects for vield
and yield components like number of
leaves number o { bulbs and shape index
in bulb to bulb generation. The bybrid
P10 T1 recorded significant sca effects
for number of leaves, weight of plant
and weight of bulbs. Next in order was
P5 ¥ T2 for sca effects.

Both gce and sca effects are impor-
tant in the choice of desirzble combina-
tions (Gill et ol. 1973). Again the
combination P1 X T1 and P10 X T1
could be selected as the best as these
hybrids involved parents with high mean
expression and high gee for yield and
important yield components. Similar
resuifs were reported for yield compon-
ents in onion (Hosefield et ol. 1976a, ¢
1977a and b).

The analysis of variances for com-
bining ability indicated that, there
existed significant differences among

HETEROS 1S AND COMBINING ABILITY IN ONION

hybrids, lines, testers and line ¥ tester
interactions for the characters studied.
The estimates of combining ability
variances showed that the characters
plant height, number of leaves, number
of bulbs, weight of plant, shape index
and T.5.S. were governed by non-
additive genetic factors (SCA variance
more than GCA variance) suggesting
that these could be improved through
heterosis breeding. The role of non-
additive genetic factors for plant height
was reported in common onion (Singh
and Joshi 1966). The role of additive
genetic factors was observed for
weight of bulbs (vield) and days to
maturity. Similar result was reportad
in onion (Hosefield et al. 1977a). Hence
improvement of these traits could also
be possible by pedigree breeding. I
was observed that, the sca effecis
of different crosses exhibited varying
performance between seed to bulb
and bulb to bulb generations for the
characters studied, indicating the
possibility of existing both additive
and non-additive genetic factors in
deciding these characters depending
upon the parents involved,

The change in the magnitude of
SCA variance for plant height, num-
ber of bulbs and bulb density bet-
ween seed to bulb and bulb to bulb
generations was reasoned to be due
10 genotype ¥ environmental inter-
actions (Hosefield et al. 1977 &)
Similarly such change in GCA variance
for weight of bulb (yield) between
these two generations was due to

713
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GCA X year interactions as these two
generations were raised in differ-
ent seasons (Hosefield et ol. 1977 a).

~ The present - study. revealed that
high mean expression, high gea effects
were observed for parsnts P1, P10
and T1 for yield and important yield
components indicating their use as
apprapriate parents in a crossing pro-
gramme for further accumulation of
favourable genes through recombin-
ations. The hybrids P1 X T1 and P10 X
T1 were found to be desirable {or the
purpose of exploitation of hybrid
vigour because of combined expres-
sion of high mean, high heterotic
performance. high sco effects and also
the parents involved possessed high
expression of gco effects.

The characters plant 'I":eight, num-
ber of leaves, number of bulbs, weight
of plant, shape index and TSS were
appeared to be governed by non-addi-
tive genetic factors suggesting that
these traits could be improved through
heterosis breeding. The role of addi-
tive genetic factors was observed for
weight of bulbs and days to maturity.
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