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ABSTRACT: Groundnut (Arachis hypogaea L.) is one of the major oilseed crops of the world and it is an important
source of protein in many countries. To study the nature of combining ability and heterosis for yield and related attributes
a 4 x 4 full diallel experiment was conducted at the experimental plot of Bangladesh Institute of Nuclear Agriculture,
Mymensingh, Bangladesh. Data on various quantitative traits including yield were recorded. Significant differences
among the parents and their hybrids were observed for yield and related traits. The analysis of variance for general
combining ability (GCA), specific combining ability (SCA) and reciprocal combining ability also showed significant
variations for all the studied traits. The GCA and SCA reflected that these traits were controlled by both additive and
non-additive genes. Predominant regulation by non-additive gene action suggesting selection at a later generation would
be much effective. Significant reciprocal effect for all the traits indicates role of maternal effect in the expression for
these traits. Genotypes GC (24)-1-1-1 and China Badam were found suitable combiners for number of seeds per pod,
100-pod weight, 100-seed weight, shelling percentage, and yield per plant. Result of mean and GCA suggested that the
genotypes have good ability to transfer these important quantitative traits. The SCA and heterosis revealed that the Fi
obtained from the cross GC (24)-1-1-1 x China Badam was suitable specific combiner among the Fi’s for most of the

traits. The F1 may further be exploited for isolating the desirable segregates of these traits for maximizing yield.
KEYWORDS: Arachis hypogaea, diallel cross, parents, hybrids, gene action, yield improvement

INTRODUCTION

Groundnut (Arachis hypogaea L., 2n=40) is an important
self-pollinated, oil, food, and feed legume crop cultivated
worldwide. It contains about 45-56% of high quality
edible oil, 25-30% protein, 20% carbohydrate, and is a
rich source of dietary fiber, minerals, and vitamin E and
B [1,2-3]. Bangladesh is the 39™ largest groundnut
producer and it is third most important oil seed crop after
mustard and sesame in Bangladesh [4]. It is cultivated in
35276 ha of land with a total production of 62832 tons
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during 2018 [5] which is not sufficient for the country’s
demand. Globally, 49% of produced groundnut is crushed
for extraction of oil and 41% is used for food purposes.
After oil extraction, the remaining oilcake is used as a
protein supplement in livestock feed rations as well as
industrial raw material [3]. In Bangladesh, the use of
groundnut as direct and processed food products has been
expanding day by day however it has little use in oil
extraction. Groundnut kernels can be consumed directly
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as ready-to-eat products or indirectly as confectionary.
The existing groundnut varieties of Bangladesh are
mostly two seeded with medium to small seed size. Three
varieties having large two seeds were developed by the
Bangladesh Institute of Nuclear Agriculture (BINA) [6],
however, these varieties failed to get popularity among
the groundnut growers due to lower shelling percentage
and thicker shells. Therefore, development of high
yielding genotypes having appropriate pod and seed
characteristics is one of the most important breeding
objectives in groundnut. To achieve this objective, the
plant breeders must have a working knowledge of the
inheritance of economic traits if he would to improve
them efficiently.

Breeding of any crop depends on the expanse of genetic
variability, gene action and the character transmission
from one generation to the next. Different breeding
strategies have been suggested for the improvement of
groundnut populations for example combining ability
analysis and heterosis [7]. The combining ability
describes the gene action for desirable traits that may help
the breeder to set an appropriate breeding method. Diallel
analysis permits to infer the potential of each genitor to
provide superior hybrid combinations, the gene action
that controls the traits involved, and the existence of
heterosis, providing the opportunity to identify and
develop superior lines [8]. The general combining ability
(GCA) generates information regarding a set of genes of
predominantly additive effects, and the specific
combining ability (SCA) is related to a set of genes of
dominance and epistatic effects [9-10]. The reciprocal
combining ability (RCA) denotes genotypic maternal
effect. Many researchers showed that yield traits were
controlled by additive gene action [1, 11] and some other
showed both additive and non-additive gene action [12-
14]. Although trait inheritance has been reported, the
mechanisms of the inheritance of a trait may be different
due to the parent source [15]. The objectives of the present
study were to (a) analyze combining ability effect for
yield and yield components of the selected genotypes and
their hybrids (b) evaluate the magnitude of heterosis to
select parents or superior lines and to set an appropriate
breeding program to increase yield and quality.

MATERIALS AND METHODS

(BINA), Mymensingh, Bangladesh during 2018-2020
using a 4 x 4 intra-specific Fi diallel cross of groundnut.
Breeding material comprised of a set of four groundnut
genotypes viz., Binachinabadam-4, Dacca-1, GC (24)-1-
I-1 and China Badam, having diverse origin. These
parents were selected due to their potential morphological
traits like higher yield, large seed size and early maturity
obtained from our previous studies. Phenotype and other
details of the parental lines used in the study are
mentioned in Supplementary Table 1 and Figure 1. All
genotypes were crossed in complete diallel fashion.
During 2019-20, a set of four parents and their 12 Fi
hybrids (6 direct and 6 reciprocal crosses) were evaluated
in a randomized complete block design. Each plot was
designed as 1.5 m x 5 m in size, consisting of sixteen rows
with row length of 1.5 m. Plant to plant and row to row
distance were 20 and 30 cm, respectively. All
recommended cultural practices and inputs including
thinning, hoeing, irrigation and pest control were carried
out using the standard procedures.

Data recording and statistical analysis

Data on yield and yield attributes (days to maturity, plant
height, primary branches per plant, secondary branches
per plant, total pods per plant, mature pods per plant, 100-
pod weight, 100-seed weight, seeds per pod, shelling
percentage and yield per plant) were recorded from
randomly selected 15 plants for three replications of each
genotype. The data were subjected to analysis of variance
(ANOVA) valid for RCBD design. ANOVA, mean,
combining ability and heterosis were calculated by
computer using PB tools version: 1.3 of IRRI [16] and
Minitab-17 software. Mean separation was done
following Duncan’s Multiple Range Test (DMRT) at 5%
level of probability. Griffing's [17] Model one was used
for combining ability (GCA, SCA and RCA) analysis for
each of the trait. The amount of heterosis was calculated
by comparing the mean of F1 hybrids over mid-parental
value in respect of a particular character using the
formulae given by Rai [18].

RESULTS

Experimental site and plant material
The experiment was conducted at the field experimental
plot of Bangladesh Institute of Nuclear Agriculture

Analysis of variance

The mean squares (MS) for yield and yield contributing
traits were showed highly significant differences (P <
0.01) among the parents (Table 1).
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Table 1. Analysis of variance for yield and yield contributing traits in a 4 x 4 diallel crossing experiment of groundnut.

PH 100-PW  100-SW  Shelling YPP
Item df DM PBP SBP TPP MPP NSP o
(cm) (9) (9) (%) (9)
Replication 2 7.65 18.37 1.08 0.33 3.40 2.27 0.02 16.45 3.14 8.57 0.15
Genotype 15 15.87** T479*  5.79* 1.23** 194.12** 100.35** 0.52** 899.05** 504.80** 212.52* 268.11**
Error 30 2.15 26.64 1.48 0.16 2.66 1.86 0.01 21.99 4.87 5.48 0.41
Ccv 0.17 1.18 2.63 4.41 3.63 3.91 1.83 2.26 2.59 1.29 8.20

Note: * and ** indicates significant at 5% and 1% level of probability, respectively.

Here, DM-days to maturity, PH- plant height (cm), PBP- primary branches per plant, SPB- secondary branches per plant, TPP- total

pods per plant, MPP- mature pods per plant, NSP-number of seeds per pod, 100- pod weight, 100-seed weight, YPP- yield per plant.

Means values for yield and yield attributing traits
of parents and crosses in a 4 x 4 diallel
experiment of groundnut

The mean values of yield and yield attributing traits in a
4 x 4 diallel cross of groundnut are shown in Table 2.
Among the studied genotypes, the parent China Badam
was found to mature earlier however it showed non-
significant difference with GC (24)-1-1-1 x Dacca-1 and
China Badam x GC (24)-1-1-1. Binachinabadam-4 was
the late maturing genotypes. Little variation was observed
among the parents and hybrids in terms of days to
maturity (Table 2). The parent GC (24)-1-1-1 and Daaca-
1 had the highest plant height (49.56 and 49.30 cm,
respectively) which did not differ significantly from the
hybrids obtained from eight cross combinations. In
contrast, the hybrid obtained from the cross combination,
China Badam x GC (24)-1-1-1 had the lowest plant
height.

In respect of number of primary branches per plant, the
parent China Badam had the highest number of primary
braches (6.33) per plant that showed a non-significant
differences with the cross China Badam x GC (24)-1-1-1

and the cross combination GC (24)-1-1-1 x China Badam.
The parent China Badam had the highest (3.33) number
of secondary branches per plant which significantly
differed from other parent and hybrids. Among the
crosses, Binachinabadam-4 x China Badam and China
Badam x Dacca-1 showed the highest number of
secondary branches per plant (2.33 and 2.0, respectively)
(Table 2).

In respect of number of total pods per plant, maximum
number of pods was found from the cross combinations
GC (24)-1-1-1 x China Badam which showed a non-

significant difference with another cross combination GC

(24)-1-1-1 x Binachinabadam-4. Among the parents,
maximum number of pods per plant was found from the
parent GC (24)-1-1-1 and Binachinabadam-4. The
minimum number of total pods per plant was found in the
cross Dacca-1 x China Badam and in the parent China
Badam (7 and 8.33, respectively) (Table 2).

Among the parents, the maximum number of matures
pods plant was observed in Binachinabadam-4 (20.00)
whereas the lowest (6.66) was found in China Badam. The
cross GC (24)-1-1-1 x China Badam exhibited maximum
number of mature pods per plant (27.33) whereas the
minimum (4.33) was found from the hybrid obtained from
the cross Dacca-1 x China Badam (Table 2).

In respect of number of seeds per pod, the cross China
Badam x GC (24)-1-1-1 had more than three seeds which
showed a non-significant difference with the cross China
Badam x Binachinabadam-4 and GC (24)-1-1-1 x China
Badam (Table 3). Among the parents, China Badam
showed the highest number of seeds per pod (Table 2).
The cross combination GC (24)-1-1-1 x China Badam and
its reciprocal cross showed the highest pod weight
(117.60 and 110.35g,

combination Dacca-1 x Binachinabadam-4 showed the

respectively). The cross

minimum 100-pod weight (56.48g) although it showed a
non-significant difference with the parents (Table 3). In
respect to 100-seed weight, the cross GC (24)-1-1-1 x
China Badam had the highest 100-seed weight (78.83g)
where its reciprocal cross China Badam x GC (24)-1-1-1
showed the next highest (75.65g) however, they had a
significant difference (Table 3). On the other hand, the
cross combination Dacca-1 x GC (24)-1-1-1 had the
highest shelling percentage (72.21%) and the next highest
(71.32%) was observed from cross Binachinabdam-4 x

China Badam. The lowest shelling percentage was
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Table 2. Mean values of yield and yield attributes of parents and the F1 hybrids in a 4x4 diallel crossing experiment of groundnut

Parents DM PH (cm) PBP SBP TPP MPP NSP 100-PW (g) 10(();‘” Sh(iz;ng YPP (g)
Binachinabadam-4 138.00 @ 40.16 b-© 4.00¢ 1.00 ¢ 26.33°  20.00° 1.95 de 59.36 N 39.99 67.38 ¢  15.65 9
Dacca-1 135.0 b 49.302 4.33 % 1.00 ¢ 15.66" 12.009" 1.92¢ 61.18 91 41.61 N 67.97 b-e 9.60
GC (24)-1-1-1 133.00 e 49.56 2 4.00 © 1.00 ¢ 25.00 ¢ 12.00 9" 216° 71.12 ¢f 45.86 ¢9 64.85 ¢ 17.80 ¢
China Badam 130.00f 36.36 °*© 6.33 ad 3.33¢@ 8.331 6.66 2.59°b 68.33 9 43.25 60.01 572N
Crosses

Binachinabadam-4 x Dacca-1 136.00 3¢  46.56 @b 3.66 © 1.00 ¢ 18.66 9  16.66 9 1.91¢ 72.97 of 32.871 45.07 " 13.71 ¢
Binachinabadam-4xGC (24)-1-1-1 136.66 2>  41.80 *° 4.00 ¢ 1.33 ¢ 1766  13.00 2.16° 65.70 42229 69.78°%¢ 11.70*
Binachinabadam-4xChina Badam 138.00 @ 47.53 5.00 c* 2.33°P 15.33"  13.00 f 1.88°¢ 60.73 91 43.93 71.32° 9.31"
Dacca-1x Binachinabadam-4 133.66 ¢ 42.60 & 4.00¢ 1.33 % 21.339% 1500 1959 56.48'1 28.28 50.27 9" 1215
Dacca-1 xGC (24)-1-1-1 133.66 ¢ 42,53 & 5.66 b-¢ 1.33 de 2233 1866 213 75.85 ¢* 54.86 9 72.21° 16.26 %
Dacca-1 x China Badam 137.002  40.60 b 5.33 ¢ 1.66 « 7.00} 4.33] 1.85¢ 80.50 e 56.06 °© 57.14 556
GC (24)-1-1-1xBinachinabadam-4 136.66 2>  48.46 5.00 ¢ 1.00¢ 34332 23.00° 231¢ 87.41°b 48.26 de 58.23 9 30.11°
GC (24)-1-1-1 Dacca-1 132.33¢"  41.202¢ 4.66 °* 1.33 de 20.334f  15.00 °f 2.59°b 78.05 41.55 56.01¢9 15.94 de
GC (24)-1-1-1 xChina Badam 133.66 ¢ 40.66 ** 7.66 1.00 ¢ 36.002 27.33° 290+@ 117.60 @ 78.83 2 67.08°¢ 42522
China Badam x Binachinabadam-4 132.66 %  34.409° 6.66 @° 1.00¢ 12.001 10.00 " 29472 86.50 P 43.25 556.72 9 10.42
China Badam x Dacca-1 134.00 ¢  43.162° 5.66 b 2.00 be 16.009"  12.669 1.92¢ 72.02 ¢f 50.56 ¢ 70660  11.71Fh
China Badam xGC (24)-1-1-1 132.00 ¢f 33.43°¢ 8.332 1.66 « 22.00 ¢ 17.33¢ 3.062 110.352 75.65° 66.39 de 2435¢
Max. 130.00 31.00 3.00 1.00 6.00 4.00 1.75 54.00 3.30 45.73 4.55
Min. 139.00 61.60 11.00 4.00 38.00 29.00 3.18 120.40 64.40 80.82 45.78

Note: Different letters in the same column indicates significant difference at 5% level of probability following DMRT.
DM-days to maturity, PH- plant height (cm), PBP- primary branches per plant, SPB- secondary branches per plant, TPP- total pods per plant, MPP- mature pods per plant, NSP-number of
seeds per pod, 100- pod weight, 100-seed weight, YPP- yield per plant.
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Table 3. ANOVA for combining ability of yield and yield contributing traits in a 4 4 diallel crossing experiment of groundnut.

Source MS
.Of. df PH 100-PW  100-SW  Shelling YPP
Variation DM PBP SBP TPP MPP NSP
(cm) (9) (9) (%) (9)
GCA 3 11.52**  43.33** 5.82** 1.23* 154.81*  46.23*  0.39*  579.72* 524.40* 174.27* 150.27**
SCA 6 3.46** 16.21**  1.46** 0.20** 36.27* 35.95**  0.12**  331.29" 134.83** 45.16** 89.95**
RCA 6 3.99"  24.44*  0.45* 0.21** 48.08** 2455 011" 128.05"™  23.63*" 44.80** 58.34**
Error 30 0.71 8.88 0.49 0.05 0.90 0.61 0.01 7.21 1.59 1.83 0.13
A 16.78 13.84 13.84 0.52 60.63 6.30 158.36 136.67 0.14 21.45 33.61
p 732.38 18.05 18.05 0.37 87.00 86.95 980.59 797.73 0.30 45.65 221.09

Note: *and ** indicates significant at 5% and 1% level of probability, respectively.
DM-days to maturity, PH- plant height (cm), PBP- primary branches per plant, SPB- secondary branches per plant, TPP- total pods
per plant, MPP- mature pods per plant, NSP- number of seeds per pod, 100- pod weight, 100-seed weight, YPP- yield per plant.

Table 4. General combining ability effect for yield and yield attributing traits of parents in a 4x4 diallel crossing experiment of

groundnut.
Character PH 100-PW 100- Shelling YPP
DM PBP SBP TPP MPP NSP .

Parent (cm) @  SW() (%) (@)
Binachinbadam4  1.65** 0.31 -0.72** -0.21 1.60* 1.54* -0.13** -7.95"* -5.17** 0.14 -0.89**
Dacca-1 0.10 2.01 -0.56* -0.13 -2.77** -1.50* -0.24* -6.73** -8.63** -6.62** -3.84*
GC (24)-1-1-1 -0.69 1.01 0.15 -0.25* 5.44** 2.50** 0.17** 8.14** 6.51** 2.06* 6.21**
China Badam -1.06  -3.33* 1.14*  0.58* -4.27** -2.54** 0.21** 6.53** 7.29** 4.14* -1.47*
SE (gi) 0.26 0.91 0.12 0.07 0.29 0.24 0.02 0.82 0.38 0.41 0.11

Note: * and ** indicates significant at 5% and 1% level of probability, respectively.
DM- days to maturity, PH- plant height (cm), PBP- primary branches per plant, SPB- secondary branches per plant, TPP- total pods
per plant, MPP- mature pods per plant, NSP- number of seeds per pod, 100- pod weight, 100- seed weight, YPP- yield per plant.

observed from the hybrid obtained from cross
Binachinabadam-4 x Dacca-1(Table 2). In respect of yield
per plant, the hybrid obtained from the cross GC (24)-1-
1-1 x China Badam showed the highest yield per plant
(42.52g) and its reciprocal cross China Badam x GC (24)-

1-1-1 showed the next highest yield (30.11g) but they had
a significant difference (Table 3). However, the F1 hybrids

obtained he cross combination Dacca-1 x China Badam
showed the lowest yield per plant (5.56 g) among the
crosses and parents (Table 2).

Analysis of variance for combining ability

The mean squares for GCA, SCA and RCA were highly
significant for yield and yield contributing characters
(Table 3). The variances due to dominance deviation (Vp)
for yield and yield contributing characters were much
higher than the corresponding additive genetic variances

(V4), except secondary branches per plant.

Combining ability effects

The GCA effect of plant height indicated Dacca-1 was the
best general combiner followed by GC (24)-1-1-1 and
Binachinabadam-4, although they did not differ
significantly from each other (Table 4). On the other
hand, China Badam was the poorest general combiner.
Among the four parents, China Badam was the best
general combiner for number of primary branches per
plant and number of secondary branches due to the
highest positive and significant GCA effect while
Binachinabadam-4 and GC (24)-1-1-1 was the poorest
general combiner for number of primary branches per
plant and number of secondary branches per plant,
respectively. The estimated GCA effects for total number
of pods per plant and number of mature pods per plant
were the highest in CG (24)-1-1-1 and Binachinabadam-
4 while China Badam noticed the poorest GCA effect due
to the highest significant negative GCA effects (Table 4).
The parents China Badam was the best general combiner
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Table 5. Specific combining ability effect for yield and yield attributing traits of cross combinations in a 4x4 diallel crossing

experiment of groundnut.

Character PH 100- 100-SW  Shelling YPP
PBP SBP TPP MPP NSP .
Crosses (cm) PW(@) (9 (%) (9)
Binachinabadam-4 x
-1.40* -0.14 -0.15 0.04 1.27* 1.00 0.05 2.89 2.92** 1.00 2.00*
Dacca-1
Binachinabadam-4x
0.90 1.41 -0.19 0.17 -0.94 -0.83 -0.06 -0.15 -4.56** -5.34** -0.01
GC (24)-1-1-1
Binachinabadam-4 x
) 0.27 1.59 0.15 -0.17 -3.56**  -2.29** 0.07* -1.49 -0.58 0.64 -3.53*
China Badam
Dacca-1 x
-0.90 -3.55 0.31 0.25 -1.23* 1.04 0.14** -0.97 -3.03* -2.48* -2.04*
GC (24)-1-1-1
Dacca-1 x
1.98**  0.81 -0.35 -0.08 -1.35% -2.25"  -0.34* -0.05 2.68** 4.91* -1.63*
China Badam
GC (24)-1-1-1 x
) 0.10 -3.02 1.4** -0.46™* 7.73* 7.58** 0.20** 22.78* 14.12** 2.36* 12.64**
China Badam
SE (sij) 0.47 1.67 0.38 0.12 0.53 0.44 0.03 1.50 0.70 0.76 0.20

Note: * and ** indicates significant at 5% and 1% level of probability, respectively.

DM- days to maturity, PH- plant height (cm), PBP- primary branches per plant, SPB- secondary branches per plant, TPP- total pods

per plant, MPP- mature pods per plant, NSP- number of seeds per pod, 100- pod weight, 100-seed weight, YPP- yield per plant.

due to the highest GCA effects for seeds per pod, 100-
seed weight and shelling percentage whereas GC (24)-1-
1-1 was the best general combiner due to the highest GCA
effects for 100-pod weight, yield per plant.

According to SCA effect, the cross combination GC (24)-
1-1-1 x China Badam showed the best specific combiner
for maximum yield contributing characters such as
primary branches per plant, total pods per plant, mature
pods per plant, seeds per pod, 100-pod weight, 100-seed
weight, yield per plant and shelling percentage (Table 5).
Beside this, the plant height of this cross combinations
showed a non-significant negative, the number of
secondary branches per plant showed a significant
negative and days to maturity showed a non-significant
positive SCAs (Table. 5).

According to RCA effect, the cross combination China
Badam x Binachinabadam-4 showed positive significant
reciprocal effects for plant height, number of secondary
branches per plant, number of total pods and mature pods
per plant, shelling percentage and days to maturity (Table

6). In contrast, the cross combination China Badam x GC

(24)-1-1-1 showed significant positive RCA effects for
number of total and mature pods per plant, 100- seed

weight and yield per plant; Dacca-1 x Binachinabadam-4
for 100-pod weight and 100-seed weight; GC (24)-1-1-1

x Binachinabadam-4 for shelling percentage, and China

Badam x Dacca-1 for days to maturity (Table 6).

Heterosis for yield and yield attributing traits

The highest (3.39%) significant negative mid-parent
heterosis for days to maturity was found the cross Dacca-
Ix Binachinabadam-4. Considering plant height, the
highest (24.22%) significant positive heterosis was
observed from the cross Binachinabadam-4x China
Badam whereas the highest (-16.65%) significant
negative heterosis was found from the cross GC (24)-1-1-
I1x Dacca-1. The cross China Badam x GC (24)-1-1-1
showed the highest (61.29%) significant positive
heterosis for primary branches per plants whereas the
highest (-12%) significant negative heterosis was found
from the cross Binachinabadam-4 x Dacca-1. Similarly,
the highest significant positive heterosis for total pods per
plant (116%) and mature pods per plant (192.85%) was
observed from the cross GC (24)-1-1-1 x China Badam
whereas the highest significant negative heterosis was
observed from the cross Dacca-1 x China Badam. The
cross China Badam x Binachinabadam-4 showed the
maximum positive heterosis (29.37%) for the trait seeds
per pod. The cross combination GC (24)-1-1-1 x China
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Table 6. Reciprocal combining ability effects for yield and yield contributing characters of cross combinations in a 4x4 diallel
crossing experiment of groundnut.
PH 100-PW 100- Shellin YPP
Character  py PBP SBP TPP MPP  NSP 9
Crosses (cm) (9) SW (g) (%) (9)
Dacca-1x
1.17 1.98 -0.17 -0.17 -1.33 0.83 -0.01 8.24* 4.38** -0.54 0.45
Binachinabadam-4
GC (24)-1-1-1x
-0.33 -3.33 -0.50 0.17 -8.33**  -5.00** -0.70** -10.85** 0.96 9.7** -9.16**
Binachinabadam-4
China Badamx
2.64** 6.56* -0.83 0.67** 1.67* 1.50* -0.53** -12.88** -6.41** 3.23* -0.62*
Binachinabadam-4
GC (24)-1-1-1x
0.67 0.67 0.50 0.14 1.00 1.83* -0.19** -1.10 -0.75 -0.14 0.36
Dacca-1
China Badam x
1.50* -1.28 -0.17 -0.17 -4.50**  -4.17* -0.04 4.23 -1.20 -5.32* -2.95**
Dacca-1
China Badam x
0.83 3.62 -0.17 -0.33 7.00** 5.00** -0.08 3.63 2.79* 0.34 9.03**
GC (24)-1-1-1
SE (rij) 0.59 2.10 0.49 0.16 0.67 0.56 0.05 1.89 0.89 0.95 0.25

Note: * and ** indicates significant at 5% and 1% level of probability, respectively.

DM-days to maturity, PH- plant height (cm), PBP- primary branches plant, SPB- secondary branches plant, TPP- total pods plant,
MPP- mature pods plant, NSP- number of seeds pod, 100- pod weight, 100- seed weight, YPP- yield plant.

Badam showed the highest significant positive heterosis
(68.65 and 56%, respectively) for 100-pod weight and
100-seed weight. In case of yield per plant, the highest
(261.56%) significant positive heterosis was found from

the cross GC (24)-1-1-1 x China Badam. Importantly, its
reciprocal cross also showed significant positive heterosis
(107.05%) for yield per plant. Significant negative
heterosis (-27.9%) was observed in the cross combination
Binachinabadam-4xGC (24)-1-1-1. Considering the most
of the studied traits the cross combination GC (24)-1-1-1
x China Badam showed maximum positive heterosis for
yield and yield attributing traits (Table 7).

DISCUSSION

The knowledge on combining ability and type of gene
action responsible for the regulation of expression of
different traits would certainly help breeder to select the
best parents for hybridization and identify potential
hybrid lines with next breeding approach. Similarly,
diallel cross has been extensively used for analysis of
GCA, SCA, RCA and heterosis. In the present study, a 4
x4 full diallel crossing experiment have been conducted
to study the combining ability for yield and yield
attributes. Significant genotypic variation was observed
among the parents and hybrids for yield and yield
attributing traits. Similar genotypic variation for yield and

yield attributing traits were also reported by others in
groundnut [12-14,19].

Variability in yield and yield attributing traits in
parents and hybrids

Development of an early mature variety is one of the most
important breeding strategies to fit it in the existing
cropping pattern or to increase the cropping intensity.
From the present study, the parent China Badam was
found to mature earlier (required 130 days); however, it
showed a non-significant difference with the hybrids
obtained from the crosses GC (24)-1-1-1 x Dacca-1 and
China Badam x GC (24)-1-1-1 (Table 2).
Binachinabadam-4 was the late maturing genotype as the
genotype required maximum days (138 days) to mature.
Although, the range of variation for days to maturity was
not so high (130-138 days) among the parents and hybrids
however they are statistically significant. Similar to our
results, Sibhatu et al. [20] also reported that day to
maturity ranges from 101-129 days while evaluating few
genotypes of groundnut. However, Naeem-Ud-Din et al.
[21] reported that the high yielding groundnut variety
‘Golden’ required 165-175 days for maturing.

Among the studied parents and hybrids, the highest plant
height was observed for the parents GC (24)-1-1-1 and
Daaca-1 had (49.56 and 49.30 cm, respectively) which did
not differ significantly from most of the hybrids obtained
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Table 7. Percentage of heterosis for yield and yield contributing traits in a 4 x 4 diallel crossing experiment of groundnut

Character PH 100- 100- Shelling YPP
DM PBP SBP TPP MPP NSP PW SW 9
Crosses (cm) (9) @ (% (9)
Binachinabadam-4
-0.37 4.10 -12.00* 1.11 -11.11 417 -0.69 21.07** 3.25* 0.61 4.5
x Dacca-1
Binachinabadam-4
0.37 -6.84 2.32 33.33 -31.17* -18.75 4.94 0.71 -3.03 -3.48 -27.9*
x GC (24)-1-11
Binachinabadam-4
) 2.99%  24.22* -3.23 7.69 -11.54 -2.50 -17.22 -4.88 0.05 5.39* -12.66
x China Badam
Dacca-1 %
) ) -2.07* -4.76 -4.00 33.33 1.58 -6.250 0.86 -6.28 -4.72 2.523 -3.57
Binachinabadam-4
Dacca-1 %
-0.24  -13.95* 36.00*  33.33 9.83 55.55* 4.48 14.65* 1.89 -9.71* 18.69*
GC (24)-1-1-1
Dacca-1 %
) 3.39* -5.21 2.13 -23.07 -41.66* -53.57* -18.20 24.30* 32.13** 5.10* -26.84*
China Badam
GC (24)-1-1-1x
0.86 8.024*  25.00* 1.65 33.76**  43.75* 12.38 33.98** -7.10 -30.45** 80.30*

Binachinabadam-4
GC (24)-1-1-1 x

-1.24*  -16.65* 12.00 33.33 2.34

Dacca-1
GC (24)-1-1-1 x
1.64* -5.353  48.38** -53.84
China Badam
China Badam x
. . -0.99 -10.10* 29.03* -53.84
Binachinabadam-4
China Badam x
1.13 0.778 6.25 -7.69 33.33
Dacca-1
China Badam x -
0.38 61.29*  -23.07 32.00*

GC (24)-1-1-1 22.18*

116.0*

-30.76*

25.00 23.06™  17.99* 5.49 -9.24 16.35
192.85

” 22.09** 68.65**  56.00** 7.58* 261.56**
-25.00 29.37** 35.48*  29.69** -4.17 -2.25
35.71 -14.95 11.21 41.54* 23.76™ 54.07*

85.71**  28.53** 58.25"  44.97* -8.563* 107.05*

Note: *and ** indicates significant at 5% and 1% level of probability, respectively.

DM- days to maturity, PH- plant height (cm), PBP- primary branches per plant, SPB- secondary branches per plant, TPP- total pods

per plant, MPP- mature pods per plant, NSP- number of seeds per pod, 100- pod weight, 100- seed weight, YPP- yield per plant.

from eight cross combinations (Table 2). In contrast, the
parents China Badam and the cross combination, China
Badam x GC (24)-1-1-1 had the lowest plant height
(36.36 and 33.43 cm, respectively). Similar to our results,
the high yielding groundnut verity ‘Golden’ showed a
plant height of 32.5cm [21]. Yol et al. [22] reported that
plant height of Arachis hypogaea species ranges from
34.2-72.9 cm while studying a huge germplasm of
groundnut in the Mediterranean Basin. However, the
plants that have short plant stature usually requires few
days for flowering and accumulation of the maximum
numbers of early flowers is an important trait to develop
short duration groundnut cultivars [23].

Branching is one of most important traits and groundnut
and for seed yield [24-25]. In the present study, the
highest number (6.33) of primary branches per plant was
produced by the genotype China Badam however it

showed a non-significant differences with the hybrids
obtained from the cross China Badam x GC (24)-1-1-1
and the cross combination GC (24)-1-1-1 x China Badam.
Similarly, the highest number of secondary branches
produced by the parent China Badam and the hybrids
obtained from the cross Binachinabadam-4 x China
Badam and China Badam x Dacca-1(Table 2). Similar
number of primary and secondary branches per plant was
also reported in groundnut [22, 26].

The genotypes having higher number of pods per plant
offer an opportunity for improving seed yield per plant in
groundnut [22, 27-28]. Therefore, the number of total
pods and mature pods per plant is one of the selection
criteria to obtain higher seed yield in groundnut breeding.
In the present study, significant differences were observed
among the parents and hybrids considering these traits.
The trait also had significant differences among
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genotypes in the collection in accordance with Swamy et
al. [29] and Upadhyaya et al. [30]. Among the parents,
maximum number of total pods per plant and total pods
per plant was found in Binachinabadam-4 which ranges
from 8.33-26.33 and 6.66-20. Among the hybrids highest
number of pods per plant was recorded in the cross GC
(24)-1-1-1 x China Badam. Our results of pods per plant
and total pods per plant are in accordance with the results
of others [22, 26].

In respect of number of seeds per pod, the cross China
Badam x GC (24)-1-1-1 had more than three seeds which
showed a non-significant difference with the hybrids

obtained from the cross China Badam x Binachinabadam-

4 and GC (24)-1-1-1 x China Badam (Table 2). Among
the parents, China Badam showed the highest number
(2.59) of seeds per pod. Significant variability in number
of seeds per pod in groundnut was also reported by others
[20-21].

Significant variability was also observed among the
parents and hybrids for the traits 100-pod weight and 100-
seed weight. The highest 100-pod weight and 100-seed
weight was found in the F1 hybrid obtained from the cross
GC (24)-1-1-1 x China Badam and its reciprocal hybrids.
Pod weight ranges from 56.48 to 117.40 g whereas 100-
seed weight ranges from 28.28-78.83 g respectively
(Table 2). Similar ranges of 100-pod yield and 100-seed
yield were also reported in groundnut [20, 30-31].
Shelling percentage is an index of the percentage of grains
or seeds [32] and is one of the important selection criteria
in groundnut breeding [33]. Significant variation in
parents and hybrids were observed due to shelling
percentage. The highest shelling percentage was found in
the parent Binachinabadam-4 whereas the cross
combination Dacca-1 x GC (24)-1-1-1 had the highest
shelling percentage (72.21%) and the. The lowest shelling
percentage (45.07%) was observed from the cross
between the cross Binachinabadam-4 x Dacca-1(Table 2).
Similar results of shelling % in parents and hybrids in
groundnut were also reported by others [22, 26, 31].
Obtaining higher seed yield for different environmental
conditions is one of the most important challenges in plant
breeding. Significant variation was found for yield per
plant among the studied parents and hybrids (Table 2).
The highest, yield per plant was found in the parent
Binachinabadam-4 however F1 hybrid produced from the
cross GC (24)-1-1-1 x China Badam and its reciprocal
hybrid showed the highest yield per plant (42.52 and

38.80 g, respectively). The cross combination Dacca-1 x
China Badam had the lowest yield per plant (5.56 g)
among the crosses and parents. Significant variation in
yield per plant among parents and hybrids were also
reported by others [26].

Combining ability for yield and yield attributes
Analysis of variance of combining ability of the yield and
yield attributing traits (days to maturity, plant height and
primary branch per plant, total pods per plant, mature
pods per plant, seeds per pod, 100-pod weight, 100-seed
weight, shelling percentage and yield per plant showed
high significant GCA and SCA mean square which
indicates that both additive and non-additive gene effect
on these traits (Table 3). Similar to our results, multiple
gene action responsible for these traits was also reported
by Kamdar et al. [34]. The significant RCA variance also
indicates the influence of maternal effect in controlling
the traits. Similar reciprocal effects were also reported in
groundnut by other researchers [31, 35]. The variances
due to dominance deviation (V) for yield and yield
attributing traits were much higher than the additive
deviation ( Va) suggested predominance of non-additive
gene action for the inheritance of these traits. The
involvement of both additive and non-additive gene
action for yield and yield attributing traits has been
reported by others [1, 11-12, 14, 19, 35-37]. Few
researchers were also recorded only additive gene effect
on trait controlling in groundnut [38-39]. The discrepancy
in results may be due to the differences of genetic material
and environmental conditions in which experiment was
conducted. The hybrids obtained from the cross
combination GC (24)-1-1-1 x China Badam exhibited
high positive SCA effects most of the studied traits (Table
5). Additionally, the highly significant GCA effects
shown by GC (24)-1-1-1 and China Badam further
justifies these genotypes as an important donor parent for
enhancing the yield and yield contributing traits (Table 4).
The cross combination China Badam x GC (24)-1-1-1 had
significant positive reciprocal effect suggesting that the
reverse cross in superior in terms yield and yield
attributing traits suggesting the suitability of GC (24)-1-
1-1 parent as both male and female parent (Table 6).
Similar results were also reported in groundnut while
studying the combining ability [12-13]. Favorable SCA
estimates and involving one parent with high GCA would
likely enhance the concentration of favorable alleles to
improve target traits [38, 40].



59

J Plant Mol Breed (2019) 7(2): 50 - 62

Heterosis for yield and yield attributes

Utilization of heterosis has become a major strategy for
increasing productivity of plants. Heterosis study helps to
find out the hybrids which have higher economical
potential. In present study, heterosis was recorded over
mid parent of these genotypes. The result of heterosis
revealed that the most of the new hybrid lines are more
superior yielder than their respective mid-parents (Table
7). Significant positive heterosis is desirable for primary
branches per plant, secondary branches per plant, total
pods per plant, mature pods per plant, seeds per pod, 100-
pod weight, 100-seed weight, shelling percentage and
yield per plant but significant negative heterosis is
desirable for days to maturity and plant height. The
hybrids
Binachinabadam-4 and GC (24)-1-1-1 x Dacca-1 showed

negative heterosis for days to maturity indicates earliness.

obtained from the «cross Dacca-1 x

Similarly, hybrid obtained from the cross China Badam x
GC (24)-1-1-1 showed high negative heterosis for plant
height. These results are in accordance with the results of
others [41-42]. Significant positive heterosis for yield and
yield attributing traits was also observed from different
cross combinations such as China Badam x GC (24)-1-1-
1 for number for primary branches, GC (24)-1-1-1 x
China Badam for mature pods per plant, China Badam x
Binachinabadam-4 and China Badam x GC (24)-1-1-1 for
seed per pod, GC (24)-1-1-1 x China Badam for100-pod
weight and 100-seed weight, China Badam x Dacca-1 for
shelling percentage. A similar positive result of heterosis
for yield related traits were also reported by others [41,
43]. The most important trait yield per plant showed both
positive and negative heterosis values among these

hybrids. The hybrid GC (24)-1-1-1 x China Badam and its

reciprocal hybrid China Badam x GC (24)-1-1-1 showed
highest mid-parent heterosis for yield per plant.
Significant positive heterosis for yield was also reported
by others [44-46]. As these cross combinations exhibited
higher superiority over mid-parent so, they could be used
in isolating potential lines and explore to break yield
barrier with desirable groundnut production.

CONCLUSION

weight, 100-seed weight, shelling percentage and yield
per plant in the hybrid obtained from the cross GC (24)-
1-1-1 x China Badam. The RCA also suggested that the
cross combination China Badam x GC (24)-1-1-1 has

potential to increase these yield performances. So, the
combination GC (24)-1-1-1 x China Badam and China
Badam x GC (24)-1-1-1 were identified as promising
combinations. Significant heterosis was also observed in
these cross combinations for yield and yield attributing
traits. As the expression of majority of the traits in
groundnut is regulated by both additive and non-additive
gene action so, selection in later generation would be
more effective in developing new varieties for high
yielding and large seeded groundnut variety.
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