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Abstract In order to suggest breeding strategies to improve Citrullus mucosospermus (Fursa), 4 × 4 complete

diallel cross design involving Bebu, Wlêwlê small seeds 1 (Wss1), Wlêwlê small seeds 2 (Wss2) and Wlêwlê small
seeds 3 (Wss3) genotypes was used to assess combining ability and gene actions involved in the inheritance of six
seed traits. The F1 direct and reciprocal crosses plus the parental inbred lines coming from these cultivars were
grown in a randomized complete block design with three replications. The results indicated the existence of genetic
variation between parental lines for all investigated seed traits. Combining ability analysis exhibited the involvement
of both additive and non-additive types of gene actions in the expression of all studied traits, suggesting, doing the
selection in C. mucosospermus heterogeneous populations for improving these seed traits. Non-additive gene actions
were predominant in the inheritance of investigated traits indicating the possibility of the heterosis exploitation or the
postponement of selection to later generations for improving genetically these traits. Bebu appeared the best general
combiner for Mass of fresh seed, Mass of dry seed, Mass of 100 seeds, seed length and seed width while, Wss1 and
Wss2 are the best combiners for percentage of seed integuments. Therefore, parental lines Bebu, Wss1, Wss2 and
crosses with high significant specific combining ability effects are proposed for their incorporation in C.
mucosospermus breeding programs. The presence of both GCA and SCA effects suggests the use of recurrent
reciprocal selection to improve C. mucosospermus seed traits.

Keywords: Bebu, breeding strategies, combining ability, gene actions, Wlêwlê small seeds
Cite This Article: Kouakou Fulgence Brou, Koffi Adjoumani, Saraka Didier Martial Yao, Kouamé
Guillaume Koffi, Beket Sévérin Bonny, and Raoul Sylvère Sié, “Gene Actions and Combining Ability Analysis
for Some Seed Characters in Citrullus Mucosospermus (Fursa).” World Journal of Agricultural Research, vol. 7,
no. 3 (2019): 88-93. doi: 10.12691/wjar-7-3-2.

1. Introduction
Citrullus mucosospermus (Fursa), the so-called Egusi
melon belongs to Cucurbitaceae family [1] and is native
to West Africa where it was domesticated [2]. In Côte
d’Ivoire, it is the most oleaginous cultivated cucurbit
species. C. mucosospermus is prized for its oleaginous
seeds. Like other oleaginous cucurbits, its oilseeds are
consumed as soup thickener [3,4]. Oil extracted from
C. mucosospermus seeds is comestible and is used
in cosmetology and pharmaceutic industries [5,6,7].
Seeds are rich in nutrients such as carbohydrates
(10.45 - 26.30%), proteins (21.78 - 30.42%) and lipids
(41.78 - 56.08%) [8]. In addition, seed oil were found to
be rich in various unsaturated fatty acids, which possess
potential health benefits [6].

In spite of its economic, cultural, therapeutic, nutritive
importance, C. mucosospermus is a neglected and an
underutilized crop because of a deficiency of research and
development. Consequently, there is lack of information
about genetics and breeding of this important crop in
many African countries, particularly in Côte d’Ivoire
[9,10]. For instance, yields of different cultivars despite
their good adaptation to extremely divergent agroecosystems are low [3] and vary from 0.10 to 0.31 t ha-1
[11]. C. mucosospermus productivity must be improved
genetically in consideration of its numerous qualities. The
improvement of the production and the uses of this
important crop can result in food security and income
generation for peasants [12].
The choice of the most efficient breeding program for
genetic improvement of one trait depends on the
knowledge of the type of gene actions involved in its
inheritance and the genetic control of related trait. One of
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the biometrical techniques available to plant breeders to
obtain information’s on the type of gene actions involved
in expression of trait in the crop species is diallel analysis
[13], which reportedly provided early information on the
genetic behavior of a group of parents and their hybrid
combinations in the first generation [14]. Diallel analysis
represents the best strategy for determining the general
(GCA) and specific (SCA) combining abilities which help
to identify the best parents and hybrid combinations
and, provide sufficient genetic data about character
inheritances [15,16,17]. Indeed, the significance of the
GCA reflects additive gene actions while, the significance
of SCA reflects the non-additive genetic effects which
indicates relevant non-allelic interactions [16,18,19].
The non-significant of both GCA and SCA values
indicates epistasis gene effects play a remarkable role
in determining these characters [20,21]. If several studies
on GCA and SCA in other Cucurbitaceae species
have been realized [22-27], it is not the case for
C. mucosospermus.
This study aims to assess the genetic control of some
important seed traits and to study combining abilities
(GCA and SCA effects) of four parental lines and their
F1 hybrids in order to suggest breeding strategies for
C. mucosospermus.

2. Materials and Methods
2.1. Plant Material
Combining ability and gene action analysis were done
using four Citrullus mucosospermus (Fursa) accessions
collected from four regions of Côte d’Ivoire (Table 1).

The genotypes Bebu (B), Wlêwlê small seeds 1 (Wss1),
Wlêwlê small seeds 2 (Wss2) and Wlêwlê small seeds 3
(Wss3) were chosen basing on a wide range of
morphological diversity in fruit and seed characteristics
that prominently distinguish one line from another.
Each of four accessions (B and Wss1, Wss2, Wss3) was
purified after four generations of self-pollination to obtain
inbred lines, which were planted during the period from
January to April 2016 for crossing. At flowering, these
four parental inbred lines were crossed in complete diallel
cross design to produce 12 F1 hybrid descents.

2.2. Experimental Design and Data Collection
Parents and their 12 F1’s hybrid descents were
evaluated at field from May to August 2016 in a
randomized complete block design with three replications
at Kononfla city located at altitude 243 m above sea level
between latitude 6° 37′ 18″ North - longitudes 5° 54′ 37″
West. The mean annual temperature fluctuates from 25 to
30 °C and average of annual rainfall varying between
1500 to 2000 mm. The experimental field area was 2067
m² (53 m × 39 m) and divided into three blocks with 16
plots per block. The area of one plot was 32 m² (8 m × 4
m) and the distance between two plots is 1 m. Only one F1
family or parental line was sowed by hand on 3 rows
within a plot with plant spacing of 2 m × 2 m. Two weeks
after sowing, the most vigorous seedlings were selected
per hole by separating. The experimental field was
regularly weeded during the vegetative growth stage.
Ten plants were selected randomly in each plot giving
30 plants per family for data collection. Six traits (Table 2)
related to seeds were collected from three fruits of each
randomly selected plant.

Table 1. Description of parental C. mucosospermus accessions used for complete diallel cross
Accession names

Origin of collection

Accession codes

Main fruit and seed characteristics

Korhogo (North of Côte d’Ivoire)

B

Large and green fruit with large seeds

Wlêwlê small seeds 1

Béoumi (Center of Côte d’Ivoire)

Wss1

Small and white fruit with small seeds

Wlêwlê small seeds 2

Gohitafla (West-Center of Côte d’Ivoire)

Wss2

Small and green fruit with small seeds

Wlêwlê small seeds 3

Tanda (East of Côte d’Ivoire)

Wss3

Medium and green fruit with small seeds

Bebu

Table 2. Seeds traits evaluated with their measurement methods
Seed traits (unit)

Codes

Measurement methods

MfS

Mass of fresh seeds extracted directly per fruit determined with precision balance (Ohaus adventurer balance;
0,001 g sensibility).

Mass of dry seeds (g)

MdS

Mass of seeds from the same fruit dried in natural condition and weighed at regular intervals of two days
during two weeks with precision balance (Ohaus adventurer balance; 0,001 g sensibility), until a constant
mass. Seeds were considered dry when mass stayed constant between two consecutive interval measurements.
The last measurement corresponded to dry seed mass per fruit.

Mass of 100 seeds (g)

MS100

A batch of 100 dry seeds per fruit weighed with precision balance (Ohaus adventurer balance; 0,001 g
sensibility).

Mass of fresh seeds (g)

Percentage of seed
integument (%)

PSi

For each fruit, a batch of 20 undecorticated dry seeds (seeds with integuments, M20UD) was weighed with
precision balance (Ohaus adventurer balance; 0,001 g sensibility). Seeds where then decorticated and weighed
again to determine the mass of the batch of 20 decorticated dry seeds (seeds without integuments, M20D). Then
seed integument percentage was calculated according to formula: PSi = [(M20 UD - M20 D) x100] /M20 UD.

Seed length (mm)

SL

Was determined as the distance between the seed base and its opposite apex measured on 20 seed samples
extracted in three fruits per plant.

Seed width (mm)

SW

Was determined as the lateral diameter measured on 20 seed samples extracted in three fruits per plant.
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2.3. Data Analysis
Mean values of the parents and their F1 hybrids were
calculated for all studied traits. Analysis of variance (ANOVA)
and the post ANOVA test (Turkey test) were performed at
0.05 level of probability to test differences among treatment
means. All statistic tests were performed using R Software
version 3.3.1 (R Development Core Team 2011).
The analysis of variance of GCA, SCA and reciprocal
effects and their respective effect estimates were carried out
according to [28] model 1 method 1. The statistical model
for the mean value of a cross (i × j) in Griffing’s analysis is:
Yij = m + gi + g j + sij +

1
bc∑eijkl

(1)

Where Yij is the mean of (i×j)th cross over replications
k (k = 1, 2, . . ., b); m is the general population mean; gi
and gj is the GCA effects of ith and jth parent respectively;
sij is the SCA effect of the cross between the ith and the jth
parents; eijkl is the environmental effect that is associated
with ijkl observations; b is the number of replication; and c
is the number of samples per replication.
The significance of the estimates of variance due to
GCA and SCA was tested using F-values at threshold
probabilities of 1% and 5%, while significance of
estimates of GCA and SCA was tested using their
respective standard error according to [28].
The genetic components were estimated according to [29]:
σ 2GCA =

( MSGCA – MSerror )
6n

=
σ ² SCA MS SCA − MSerror

(2)
(3)
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Indeed, Wss3 stands out from two other accessions of Wss
according to higher MfS, PSi and wider seeds. Accessions
of Wss1 and Wss2 are different from each according to
MS100, Seed length (SL) and Seed width (SW).
The comparison of agronomic performance of F1
hybrids revealed that hybrids B × Wss3 and Wss3 × B
recorded the highest values for trait MfS, MdS, MS100
and PSi expressions. Progenies B × Wss1, Wss1 × B,
B × Wss2 and Wss2 × B exhibited high values for SL and
SW expressions. [26] suggested that progenies with high
agronomic performance value for some traits could be
selected as candidate genotypes in breeding programs
aiming these traits enhancement. Elsewhere, some F1
hybrids presented mean values equal or superior to those
of their best parents for some traits suggested complete or
super dominance. This is the case of hybrids from direct
and reciprocal crosses B × Wss1, B × Wss2, B × Wss3 and
Wss2 × Wss3 for traits MfS and MdS, of hybrids from
direct and reciprocal crosses Wss1 × Wss3 and Wss2 ×
Wss3 for MS100, and of hybrids from crosses that involved
Wss3 as one of the parents for PSi. The complete or super
dominance observed in these crosses for these characters
indicates the heterosis effect. Even if the expression of
heterosis in one crop implies the potential of producing
superior cultivars through selection in segregating
populations or heterosis breeding [30,31], it is not the case
for PSi. Indeed, high mean values for PSi, which express
the impediment to decorticate seeds, were not desirable.
On the other hand, the lower values express easiness to
decorticate seeds were desirable. Thus, crosses with low
mean values for PSi could be selected as candidate
genotypes for the reduction of seed integuments in
breeding programs of C. mucosospermus.

Where σ²GCA is the component due to GCA; σ²SCA is the
component due to SCA; MSGCA is the variance due to
GCA, MSSCA is the variance due to SCA, MSerror is the
mean error, and n is the number of replications.
The ratio σ²GCA/σ²SCA was estimated to assess gene
actions such as additive and dominance effects. More
σ²GCA/σ²SCA is raised, more the additive effects of the
genes are more important.

3. Results and Discussion
3.1. Mean Values of the Parental and
F1 Descents for Six Seed Traits
Table 3 presents the mean values of seed characters of
C. mucosospermus parental lines and their F1 hybrids from
diallel cross.
The results showed that Bebu (B) seed characters
differed significantly from these of Wlêwlê small seeds
(Wss) cultivars for all studied traits. Indeed, B stands out
from accessions of Wss cultivars by large seeds (long and
wide seeds), by higher mass of fresh seeds (MfS), mass
of dry seeds (MdS), mass of 100 seeds (MS100) and
percentage of seed integuments (PSi) (Figure 1). [10]
reported similar results about mean values of seed traits in
B and Wss accessions. The results also revealed that Wss
accessions (Wss1, Wss2 and Wss3) were distinct one from
other, indicating existence of variability among them.

Figure 1. Form of parental seeds (B = Bebu; Wss1 = Wlêwlê small
seeds 1, Wss2 = Wlêwlê small seeds 2, Wss3 = Wlêwlê small seeds 3)

3.2. Analysis of Variance of GCA and SCA
and Gene Actions
The mean squares from analyses of variances for
general (GCA) and specific (SCA) combining abilities as
well as the ratio σ²GCA/ σ²SCA are presented in Table 4.
The data showed that mean squares due to general and
specific combining abilities were highly significant (P ˂ 0.001)
for all evaluated traits suggesting the presence of both additive
and non-additive genetic variance in the expression of these
traits. The presence of both additive and non-additive gene
actions in the inheritance of these traits indicates that
selection may be used in C. mucosospermus heterogeneous
populations for improving these traits [32]. In concrete
terms, the use of reciprocal recurrent selection and/or
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bi-parental mating suggested for the improvement efficiently
of the traits [33,34]. For all studied traits, the magnitude of
SCA variance was higher than GCA variance. The ratio
σ²GCA/σ²SCA ranged from 0.01 to 0.05, which means nonadditive effects played a larger role than additive effects in

the expression of these traits. The preponderance of nonadditive gene actions in the inheritance of these traits
suggests the possibility of the heterosis exploitation
[19,35], or the postponement of selection to later
generations for improving genetically these traits [36,37].

Table 3. Means performance of four C. mucosospermus inbred lines and their hybrids F1 for studied traits
Genotypes

MfS (g)

MdS (g)

B
Wss1
Wss2
Wss3

64.85 ± 16.30b
32.45 ± 5.98fg
30.57 ± 7.53g
37.75 ± 9.28def

30.12± 8.83bc
15.10± 3.04g
14.89± 3.63g
16.91± 4.39fg

B × Wss1
Wss1 × B
B × Wss2
Wss2 × B
B × Wss3
Wss3 × B
Wss1 × Wss2
Wss2 × Wss1
Wss1 × Wss3
Wss3 × Wss1
Wss2 × Wss3
Wss3 × Wss2
F
Test
p

59.24 ± 15.84 b
59.65 ± 12.12b
63.02 ± 15.60b
63.19 ± 12.75b
80.88 ± 14.72a
82.11 ± 18.60a
35.11 ± 8.06efg
34.48 ± 8.54efg
40.82 ±11.60de
43.78±12.33cd
47.82 ± 10.84c
47.50 ± 11.53c
159.36
˂ 0.001

27.07± 7.42c
27.32 ± 6.13c
29.57± 8.02bc
31.61 ± 6.94b
36.94 ± 7.54a
36.38 ± 8.97a
16.60 ± 3.75fg
16.88 ± 4.57fg
19.41 ± 6.28ef
20.69 ± 6.07de
23.05 ± 5.47d
22.29 ± 5.71de
124.02
˂ 0.001

MS100 (g)
Parental inbred lines
16.34± 0.84a
4.87± 0.42fg
3.90± 0.31i
4.95± 0.48f
F1 descents
9.09± 0.52cd
9.22± 0.75c
8.85± 0.50d
8.97± 0.72cd
10.25± 0.64b
9.96± 0.78 b
40.31gh
4.52± 0.47g
5.76± 0.45e
5.61± 0.50e
5.86± 0.77e
5.80± 0.48e
2786.1
˂ 0.001

PSi (%)

SL (mm)

SW (mm)

34.58 ± 4.17c
17.88 ± 3.22h
17.15 ± 3.92h
20.27 ± 3.22g

16.16 ± 0.64a
11.04 ± 0.47e
10.08 ± 0.39gh
9.91 ± 0.51h

9.84 ± 0.38a
4.47 ± 0.27h
3.80 ± 0.46i
5.34 ±0.33g

24.87 ± 2.77ef
24.10 ± 4.45f
26.25 ± 3.03def
26.97 ± 4.20de
42.72 ± 3.44a
42.53 ± 4.28a
17.22 ± 5.73h
17.26 ± 5.26h
27.40 ± 4.94d
27.22 ± 6.31d
36.87 ± 4.96b
36.70 ± 4.31bc
354.09
˂ 0.001

13.25 ± 0.64c
13.33 ± 0.46c
13.32 ± 0.44c
13.63 ± 0.53b
12.56 ± 0.53d
12.54 ± 0.43d
10.77 ± 0.50f
10.88 ± 0.44ef
10.82 ± 0.43ef
10.71 ± 0.61f
10.28 ± 0.43g
10.09 ± 0.28gh
1165.2
˂ 0.001

7.13 ± 0.54c
7.56 ± 0.41b
6.79 ± 0.42d
6.93 ± 0.40cd
6.66 ± 0.37de
6.50 ± 0.28e
4.48 ± 0.3 h
4.33 ± 0.29h
5.29 ± 0.22g
5.25 ± 0.31g
5.63 ± 1.75f
5.25 ± 0.36g
659.9
˂ 0.001

Means within a same column followed by the same letter are not significantly different (p = 0.05) according to Turkey’ HSD test. B = Cultivar Bebu;
Wss1= Wlêwlê small seeds 1; Wss2 = Wlêwlê small seeds 2; Wss3 = Wlêwlê small seeds 3; MfS = Mass of fresh seeds; MdS = Mass of dry seeds;
MS100 = Mass of 100 seeds; PSi = percentage of seed integuments; SL = seeds length; SW = seeds width.
Table 4. Analysis of variance of GCA and SCA, and gene effects for six seed traits in a four-parent diallel cross
Sources of variance
GCA
SCA
Error
σ²GCA
σ²SCA
σ²GCA/ σ²SCA

df
3
6
30

MfS
1038.10**
1437.54**
4.23
57.44
1190.79
0.04

MdS
204.28**
308.03**
1.13
11.29
261.86
0.04

MS100
50.14**
56.16**
0.01
2.79
53.78
0.05

PSi
217.64**
455.09**
0.62
12.06
337.53
0.03

SL
15.23**
97.32**
0.01
0.85
98.89
0.01

SW
10.68**
27.10**
0.01
0.59
27.24
0.02

**: significant at 1%. MfS = Mass of fresh seeds; MdS = Mass of dry seeds; MS100 = Mass of 100 seeds; PSi = percentage of seed integument;
SL = seeds length; SW = seeds width; σ²GCA= Component due to GCA mean squares; σ²SCA= Component due to SCA mean squares.
Table 5. GCA and SCA effects of four C. mucosospermus inbred lines and their hybrids for all studied traits
PSi

SL

SW

7.09**
-4.28**
-2.83**
0.02ns
0.33

MS100
GCA of parents
3.72**
-1.34**
-1.61**
-0.77**
0.03

4.58**
-5.77**
-3.05**
4.25**
0.24

2.03**
-0.36**
-0.69**
-0.98**
0.02

1.70**
-0.58**
-0.83**
-0.30**
0.03

0.33ns
2.28**
5.50**
-0.20ns
0.26ns
1.43*
0.59

SCA of crosses
-0.63**
-0.61**
-0.25**
0.10**
0.39**
0.80**
0.06

-1.82**
-2.41**
6.30**
-1.44**
1.33**
8.09**
0.44

-0.22**
0.30**
-0.34**
0.04ns
0.27**
0.02ns
0.05

0.27**
0.03ns
-0.78**
-0.14**
0.19**
0.61**
0.05

MfS

MdS

B
Wss1
Wss2
Wss3
Standard error

15.77**
-9.20**
-7.42**
0.85ns
0.63

B × Wss1
B × Wss2
B × Wss3
Wss1×Wss2
Wss1×Wss3
Wss2×Wss3
Standard error

1.43ns
3.30**
13.42**
-0.03ns
-0.80ns
2.78*
1.15

ns: no significant; *and **: significant at 5% and at 1% respectively. B = Cultivar Bebu ; Wss1= Wlêwlê small seeds 1 ; Wss2 = Wlêwlê small
seeds 2 ; Wss3 = Wlêwlê small seeds 3 ; MfS = Mass of fresh seeds ; MdS = Mass of dry seeds ; MS100 = Mass of 100 seeds ; PSi = percentage of seed
integuments ; SL = seeds length ; SW = seeds width.
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3.3. General and Specific Combining Ability
Effects for Studied Traits
Results about GCA effects reveal that B has recorded
the highest significant positive values of GCA for all
studied traits while Wss1 and Wss2 obtained significant
negative values of GCA for PSi. In addition, Wss3 has
significant positive values of GCA for PSi (Table 5).
Positive values of GCA for PSi expressing the difficulty to
decorticate seeds were not desirable and the negative
values expressing the easiness to decorticate were
desirable. Thus, B was the best general combiner for all
studied traits except for PSi that the best general
combiners were Wss1 and Wss2. These three inbred lines
(B, Wss1 and Wss2) could be used in C. mucosospermus
breeding programs. In fact, genotypes with significant
GCA effects for a trait indicate that these genotypes
contain more genes with additive effects [23,38],
suggesting this trait is heritable and these genotypes have
high potential for generating superior offspring [27].
Consequently, these genotypes could be used as a good
parent for this trait in a breeding program designed to
improve that trait [24,29,38]. High significant values of
GCA for one trait reveals that selection and hybridization
methods would result in interesting genetic improvement
for this trait thanks to desirable genes accumulation of two
parents in the targeted genotype [17,26,30]. Thus, parental
lines B (for MfS, MdS, MS100, SL and SW) and Wss1 and
Wss2 (for PSi) can be used in recombination breeding
programs to accumulate their favorable genes responsible
for increasing seed yield in promising pure lines.
The estimates of SCA revealed that B × Wss2, B ×
Wss3 and Wss2 × Wss3 crosses had the highest positives
significant values of SCA for MfS and MdS. For MS100,
higher significant positive estimated values of SCA were
recorded in Wss1 × Wss2, Wss1 × Wss3 and Wss2 × Wss3
progenies. The best combinations for PSi were B × Wss1,
B × Wss2 and Wss1 × Wss2 crosses since they presented
negative significant values of SCA. Crosses B × Wss2 and
Wss1 × Wss3 showed the highest positive significant
estimates of SCA for SL while Wss2 × Wss3, B × Wss1
and Wss1 × Wss3 crosses exhibited the positive significant
estimates of SCA for SW (Table 5). Thus, crosses with
significant SCA effects involved parents with various
types of general combining ability effects (high x low and
low x low). Combinations exhibiting significant positive
SCA effects for a trait have the potentials of producing
good segregants for selections for these attributes in the
higher generations [27]. [19] reported that the most
favorable combination is the cross having the greatest
SCA, in which at least one parent has greater GCA and is
divergent in relation to the other parent of the crossing.
[39] emphasized that the diversity in parental GCA-effects
plays an important role for the production of F1 hybrids
with significant positive SCA effects. In fact, great
positive significant SCA effects for one trait, obtained in
crosses which were involving one progenitor with high
GCA effect (high x low), suggested the involvement of
additive x dominance gene interactions in this trait
expression [38]. When one parent with high GCA crosses
another with low GCA gives high SCA effect, this cross
could be advanced further for the isolation of transgressive
segregants in order to develop good inbred lines [25].

92

Indeed, these promising crosses may be improved through
conventional breeding methods such as bi-parental mating
and diallel selective mating, thereafter followed by
pedigree method of selection, so as the tight linkage, if
any, may be broken and transgressive segregants may be
isolated [15]. High significant SCA values resulting from
crosses, which involved both parents with low GCA
effects, were also observed. This fact is the result of the
presence of epistasis (non-allelic interaction) at
heterozygous loci, which is not fixed, so it is suggested
utilizing these crosses through single plant selection in the
later generations [38].

4. Conclusion
In the present study, parental lines shown genetic
variation for all examined traits. Both additive and
dominance components of variation were highly
significant for all studied traits indicating that selection
may be used in C. mucosospermus heterogeneous
populations for improving these traits. Non-additive gene
actions play an important role in the inheritance of all
studied traits, which suggests the possibility of the
heterosis exploitation or the postponement of selection to
later generations for improving genetically these traits.
Among parental lines, B is the best general combiner for
MfS, MdS, MS100, SL and SW while, Wss1 and Wss2 are
the best combiners for PSi. For each studied trait, at least
two crosses with high significant SCA effects were
observed. It is suggested that C. mucosospermus breeders
can improve the potential of seed crop by selecting very
promising lines in respect of seed traits. Therefore, we
suggested parental lines B, Wss1, Wss2 and crosses with
desirable significant SCA effects for their including in
C. mucosospermus breeding programs. Cause of the
presence of both GCA and SCA effects, recurrent reciprocal
selection can be used to improve C. mucosospermus.

Acknowledgements
The authors express their gratitude and their thanks to
IFS (International Foundation for Science) for its great
contribution in the realization of this research works
through the project funding.

References
[1]

[2]
[3]

[4]

Achigan-Dako EG., Avohou H., Linsoussi C., Ahanchede A.,
Vodouhe SR. and Blattner F. (2015). Phenetic characterization of
Citrullus spp. (Cucurbitaceae) and differentiation of egusi type
(C. mucosospermus). Genet. Resour. Crop Evol.
Chomicki G. and Renner SS. (2015). Watermelon origin solved
with molecular phylogenetic including Linnaean material: another
example of muse omics. New Phytologist. 205: 526-532.
Koffi KK., Anzara GK., Malice M., Djè Y., Bertin P., Baudoin J-P.
and Zoro BIA. (2009). Morphological and allozyme variation in a
collection of Lagenaria siceraria (Molina) Standl. from Côte
d’Ivoire. Biotechnol. Agron. Soc. Environ. 13(2):257-270.
Jensen BD., Touré FM., Mohamed Ag H., Touré FA. and
Nantoumé AD. (2011). Watermelons in the Sand of Sahara:
Cultivation and use of indigenous landraces in the Tombouctou
Region of Mali. Ethnobotany Research & Applications. 9:151-162.

93
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]
[14]

[15]
[16]
[17]

[18]

[19]

[20]
[21]

World Journal of Agricultural Research
Erhirhie EO. and Ekene NE. (2013). Medicinal Values on
Citrullus lanatus (Watermelon): Pharmacological Review.
International Journal of Research in Pharmaceutical and
Biomedical Sciences. (4):1305-1312.
Manika M., Vani P. and Gupta RK. (2015). Estimation of
nutritional, phytochemical and antioxidant activity of seeds of
musk melon (Cucumis melo) and watermelon (Citrullus lanatus)
and nutritional analysis of their respective oils. Journal of
Pharmacognosy and Phytochemistry. 3(6): 98-102.
Guédé SS., Gbogouri GA., Soro D., Koffi KK., Brou K. and Zoro
BIA. (2017). Roasting Effect on the Nutritional and Cosmetic
Potential of Citrullus Lanatus Kernels Oil. J. Food Res. 6(3): 1120.
N’Goran NAM., Due AE., Fankroma MT., Kouadio NEJP., Zoro
BIA. and Kouamé LP. (2015). Physico-chemical properties and
mineral composition of four cultivar seed flours from Citrullus
lanatus (Cucurbitaceae) cultivated in Côte d’Ivoire. Int. J. Agron.
Agri. Res. 6(1):45-53.
Adjoumani K., Kouonon LC., Koffi GK., Bonny BS., Brou KF.,
Akaffou DS. and Sié RS. (2016). Analysis on genetic variability
and heritability of fruit characters in Citrullus lanatus (Thunb.)
Matsumura and Nakai (Cucurbitaceae) cultivars. J. Anim. Plant
Sci. 28(1): 4340-4355.
Adjoumani K., Bonny SB., Koffi GK., Kouonon LC., Brou FK.
and Sié RS. (2016). Genetic evaluation of seed traits from
intraspecific crossing of genetically distinct watermelon varieties.
Afr. Crop Sci. J. 24 (2): 143-154.
Goré BBN., Baudoin J-P. and Zoro BIA. (2011). Effects of the
numbers of foliar insecticide applications on the production of the
oilseed watermelon Citrullus lanatus. Sciences & Nature. 8(1):
53-62.
Zoro BIA., Koffi KK., Djè Y., Malice M. and Baudoin JP. (2006).
Indigenous cucurbits of Côte d’Ivoire; a review of their genetic
resources. Sciences & Natures. 3(1): 1-9.
Seyyed-Nazari R., Ghadimzadeh M., Darvishzadeh R. and Alavi
SR. (2016). Diallel analysis for estimation of genetic parameters in
oriental tobacco genotypes. Genetika. 48(1): 125-137.
Farshadfar E., Ghaderi A. and Yaghotipoor A. (2014). Diallel
analysis of Physiologic Indicators of Drought Tolerance in Bread
Wheat (Triticum aestivumL.). Agricultural Communications. 2(1):
1-7.
Iqbal AM., Nehvi FA., Wani SA., Dar ZA., Lone AA. and Qadri
H. (2015). Combining ability study over environments in dry
beans (Phaseolus vulgaris L.). SAARC J. Agri. 10(2): 61-69.
Chukwu SC., Okporie EO., Onyishi GC., Ekwu LG., Nwogbaga
AC. and Ede NV. (2016). Application of diallel analyses in crop
improvement. Agric. Biol. J. N. Am. 7(2): 95-106.
Golabadi M., Golkar P. and Ercisli S. (2017). Estimation of gene
action for fruit yield and morphological traits in greenhouse
cucumber by mating designs. Acta Sci. Pol. Hortorum Cultus.
16(4): 3-12.
Queiroz DR., Farias FJC., Vasconcelos JJC., Carvalho LP., Neder
DG., Souza LSS., Farias FC. and Teodoro PE. (2017). Diallel
analysis for agronomic traits in upland cotton in semi-arid zones in
Brazil. Genetics and Molecular Research. 16(3): 1-8.
Santos RM., De Melo NF., Da Fonseca MAJ. and Queiroz MAÁ.
(2017). Combining ability of forage watermelon (citrullus lanatus
var. Citroides) germplasm. Rev. Caatinga Mossoró. 30(3):
768-775.
Farshadfar E. and Amiri R. (2015). Genetic analysis of
physiological indicators of drought tolerance in bread wheat using
diallel technique. Genetika. 47(1): 107-118.
Fasahat P., Rajabi A., Rad JM. and Derera J. (2016). Principles
and utilization of combining ability in plant breeding. Biom.
Biostat. Int. J. 4 (1): 1-24.

[22] Feyzian E., Dehghani H., Rezai AM. and Javaran JM. (2009).
[23]
[24]

[25]

[26]

[27]

[28]
[29]

[30]
[31]

[32]

[33]

[34]

[35]
[36]
[37]

[38]

[39]

Diallel cross analysis for maturity and yield-related traits in melon
(Cucumis melo L.). Euphytica. 168: 215-223.
Gvozdanović-Varga J., Vasić M., Milić D. and Červenski J.
(2011). Diallel cross analysis for fruit traits in watermelon.
Genetika. 43(1): 163-174.
Bahari M., Rafii MY., Saleh GB. and Latif MA. (2012).
Combining ability analysis in complete diallel cross of
watermelon (Citrullus lanatus (Thunb.) Matsum. and Nakai). The
Scientific World Journal. 6 p.
El-Tahawey MAFA., Kandeel AM., Youssef SMS. and Abd ElSalam MMM. (2015). Heterosis, potence ratio, combining ability
and correlation of some economic Traits in diallel crosses of
pumpkins. Egypt. J. Plant Breed. 19 (2):419 – 439.
Golabadi M., Golkar P. and Abdolreza E. (2015). Combining
ability analysis of fruit yield and morphological traits in
greenhouse cucumber (Cucumis sativus L.). Cana. J. Plant Sci.
95(2): 377-385.
Ogbu VO., Ogbonna PE., Onyia VN. and Okechukwu EC. (2016).
Yield improvement of egusi melon (colocynthis citrillus L.)
through intergeneric hybridization with watermelon (citrillus
lanatus L.). The J. Anim. Plant Sci. 26(5): 1291-1297.
Griffing B. (1956). Concept of general and specific combining
ability in relation to diallel crossing systems. Aust. J. Biol. Sci.
9(4): 463-493.
Zeinanloo A, Shahsavari A, Mohammadi A. and Naghavi MR.
(2009). Variance component and heritability of some fruit
characters in olive (Olea europaea L.). Scientia. Horticulturae.
123: 68-72.
Mohammadi AA., Saeidi G. and Arzani A. (2010). Genetic
analysis of some agronomic traits in flax (Linum usitatissimum L.).
Aust. J. Crop Sci. 4(5): 343-352.
Wannows AA., Sabbouh MY. and AL-Ahmad SA. (2015).
Generation mean analysis technique for determining genetic
parameters for some quantitative traits in two maize hybrids (Zea
mays L.). Jordan Journal of Agricultural Sciences. 11(1): 59-73.
Al-Naggar AMM., Shabana R., Atta MMM. and Al-Khalil TH.
(2015). Response of genetic parameters of low-N tolerance
adaptive traits to decreasing soil-N rate in maize (Zea mays L.).
App. Sci. Report. 9 (2): 110-122.
Jatoth JL., Dangi KS. and Kumar SS. (2014). Gene action for
quantitative traits through generation means analysis in sesame
(Sesamum indicum). Indian Journal of Agricultural Sciences. 84
(11): 1369-1375.
Verma A. and Singh Y. (2017). Generation mean analysis of
horticultural traits in mid-late cauliflower (Brassica oleracea L. var.
botrytis) under sub temperate conditions of Western Himalayas.
Plant Breeding: 97-108.
Poodineh M. and Rad NMR. (2015). Genetic components for
physiological parameters estimates in bread wheat (Triticum
aestivum L.). ARRB 7(3): 163-170.
Gopikannan M. and Ganesh SK. (2014). Genetic dissection of
yield and yield components related to sodicity tolerance in rice
(Oryza sativa L.). Aust. J Crop. Sci. 8(12): 1571-1578.
Hannachi A., Fellahi Z., Rabti A., Guendouz A. and Bouzerzour H.
(2017). Combining ability and gene action estimates for some
yield attributes in durum wheat (Triticum turgidum l. Var. Durum).
J Fundam Appl Sci. 9(3): 1519-1534.
Nataša L., Sofija P., Miodrag D., Hristov N., Vukosavljev M. and
Srećkov Z. (2014). Diallel Analysis for Spike Length in Winter
Wheat. Turkish Journal of Agricultural and Natural Sciences. 2:
1455-1459.
Banerjee PP. and Kole PC. (2009). Combining ability analysis for
seed yield and some of its component character in sesame
(Sesamum indicum L.). Int. J. Plant Breed. Genet. 1-11.

© The Author(s) 2019. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

