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Abstract 
Adzuki bean bruchid (Callosobruchus chinensis) is a significant pest of soybean in Uganda. To sustainably 
manage this pest, utilization of resistant soybean varieties is the key solution. Development of resistant varieties 
needs knowledge on modes of inheritance which is crucial in selection of parent materials. To identify parents, a 
study was initiated to determine the gene action and mode of inheritance of resistance to bruchids in soybean. 
Nine parental lines were crossed in a full-diallel at Makerere University Agricultural Institute, Uganda. The 
generated F1s were advanced to F2 and seeds were evaluated for response to bruchid infestation in a randomised 
complete block design. Ten seeds were infested with 10 randomly selected unsexed 1-3 day old bruchids. 
Genotypes showed significant differences in seed weight loss (swl), adult bruchid emergence (ABE) and Dobie 
susceptibility index (DSI) indicating that these parameters could be used to screen genotypes in genetic analysis. 
Mean squares of general combining ability (GCA) were significant (P < 0.05) for swl, DSI and number of ABE 
from the F2 seeds indicating additive gene action. Susceptibility parameters ABE and DSI showed significant 
specific combining ability (SCA) indicating non-additive gene action. Resistance was influenced by maternal 
effects indicating that direction of the cross was important. Genotypes S-Line 9.2 and S-Line 13.2A showed 
negative significant GCA effects for at least two of the susceptibility parameters indicating that they were the 
best parents for bruchid resistance breeding. The study established that additive, non additive and maternal 
effects governed the gene expression in soybean resistance to bruchids.  

Keywords: inheritance, maternal effect, seed weight loss, bruchids, DSI 

1. Introduction 
Adzuki bean bruchid (Callosobruchus chinensis) is a major storage threat to soybean in Uganda. The pest is 
cosmopolitan and its damage is irreversible. Losses of up to 20% have been reported in other legumes (Qazi, 
2007). Although this pest was reported on pigeon peas in the 1990s (Nahdy, 1995), it was not a known pest of 
soybean until recently as reported by Tukamuhabwa (2015, personal communication). Consequently there has 
been no genetic research work done in soybeans related to C. chinensis. Genetic resistance is the most economic 
and environmentally friendly strategy in pest management (Dent, 2000). To develop an efficient and successful 
resistance breeding programme, understanding the gene actions controlling resistance is fundamental. 
Inheritance studies of resistance to storage pests have previously been conducted in other legumes (Somta et al., 
2007) and cereal crops (Zunjare et al., 2015), however information from the literature on bruchid resistance 
inheritance studies in soybean is scanty. The genetic control of resistance to storage insect pests may range from 
monogenic to polygenic (Dent, 2000; Singh, 2009). Mostly additive and dominant genes may govern storage 
insect pest resistance in many legumes but a few cases of cytoplasmic gene effect have also been reported (Singh, 
2009; Keneni et al., 2011).  
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number of eggs, adult bruchid emergence (ABE), final weights (fwt) were collected. Emerging bruchids were 
recorded and removed daily for the determination of median development period (Msiska et al., 2018). 
Subsequently seed weight loss (swl), percentage seed weight loss (swl%), percentage adult insect emergence 
(%IE), growth index (GI), median development period (MDP), and susceptibility index (DSI) were calculated. 

 

Table 1. Parental materials used in the study during 2016/2017 

ID Name  Pedigree Source Susceptibility status 
1 Maksoy 1N TGX 1835-10E  Uganda Moderate Resistant 
2 Maksoy 3N GC 00138-29 × Duiker  Uganda Susceptible 
3 Maksoy 4N Duiker × GC 00138-29  Uganda Susceptible 
4 G7955 Unspecified × Unspecified Taiwan Resistant 
5 AVRDC G8527 Unspecified × Unspecified Taiwan Resistant 
6 S-Line 13.2A Unspecified × Unspecified Uganda Moderate Resistant 
7 S-Line 9.2 Unspecified × Unspecified Uganda Moderate Resistant 
8 SREB-15C Unspecified × Unspecified Taiwan Moderate Resistant 
9 UG 5 Unspecified × Unspecified Uganda Very Susceptible 

Note. Source: Msiska et al. 2018.  

 

(1) Seed weight loss %, which is an economic loss indicator (Amusa et al., 2014), was calculated as follows: 

Seed weight loss % =
100 × iwt	– fwt

iwt
	                             (1) 

where, iwt = Initial seed weight, fwt = Final Seed weight for the sample.  

(2) Growth Index (GI), which is an indicator of genotype suitability for development of insects (Wijenayake & 
Karunaratne, 1999) was calculated as:  

Growth Index (GI) =	%ABE

MDP
			                               (2) 

The median development period (MDP) was calculated as the number of days from the middle of oviposition (d 
5) to the first progeny emergence (Kananji, 2007). 

(3) Dobie Susceptibility Index (DSI): The data on the number of adult bruchid that emerged and the median 
development period were used to calculate the Dobie susceptibility index (Dobie, 1974) for each genotype using 
the formula: 

Dobie Susceptibility Index (DSI) =	 LogeY × 100 

t
                        (3) 

where, Y = total number of adult bruchid emerged and t = median development period. 

If no insect emerged over the test period, the Dobie susceptibility index value was equal to zero (DSI = 0) 
(Derera et al., 2001). The modified Dobie (1974) susceptibility index ranging from 0-9 was used to classify the 
soybean genotypes; where, 0-1 = resistant; 2-3 = moderate resistant; 4-5 = susceptible and  6 highly susceptible 
(Radha & Susheela, 2014). The genotypes with a high susceptibility index (DSI) were considered susceptible 
and those with a low susceptibility index as resistant (Msiska et al., 2018). This was based on the assumption 
that a few insect progenies would emerge out of a resistant genotype and insect progeny development would take 
a longer time in a resistant than in a susceptible genotype (Kananji, 2007) 

2.3 Data Analysis 

The assumptions of ANOVA were tested before data analysis using GenStat 12th Edition procedures. Data on GI 
and MDP were transformed using Log (base10) function. Data were then subjected to one-way analysis of 
variance with genotypes as treatment factor while replication as blocks using GenStat 12th Edition statistical 
package (Harding & Payne, 2012) following linear statistical model: 

γij	=	μ	+	τi	+	βj	+	εij                                   (4) 

Where, γij = observed value for the ith genotype in jth block, µ = Overall mean effect, τi = Genotype effect (fixed), 
βj = jth block effect (random), εij = Error term.  

Means of parameters which were significantly different from the ANOVA were analysed using analysis of 
genetic designs (AGD-R) statistical package (Rodriguez et al., 2015) to generate variance components, GCA, 
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SCA and maternal effects. The statistical model for analysis was based on Griffing (1956) method 1 model 1 as 
described by Hallauer et al. (1988): 

Xijk	=	μ	+	rk	+	gi	+	gj	+	sij	+	mij	+	pijk                            (5) 

where, Xijk is the value of the progeny derived from the crossing of the ith female parent with jth male parent, u 
is the mean effect for all progenies, rk is the replication effect, gi is the GCA effects of the ith female parent, gj 
are the GCA effects of the jth male parent, sij is the SCA effect specific to the hybrid of the i-th female and the 
j-th male genotype, mij is reciprocal effects, pijk is the experimental error for the Xijk observation (k = 1, 2, ... 81; i 
= j = 1, 2, ... 9). Grrifing’s method 1 model 1 is a numerical approach where genotypes are fixed, includes 
parents, progenies and reciprocals. Fixed model was used because parental lines were selected purposely, based 
on their levels of resistance to C. chinensis (Choudhary et al., 2004). 

GCA and SCA effects were estimated as described by Hallauer et al. (1988) respectively, as: 

σi = {1/[n(n − 2)]}(nXi. −2X..)                               (6) 

sij = Xij − [1/(n − 2)](Xi + Xj) + {2/[(n − 1)(n − 2)]}X..                     (7) 

Significance of GCA, SCA, maternal and reciprocal effects was determined by a t tests as described by Griffing 
(1956), and Dabholkar (1999). GCA was used to estimate genetic variations in parents. Assuming no 
additive-by-additive interactions and other higher terms, GCA may be used to estimate heritability for traits. For 
traits with significant GCA effects, heritability and phenotypic variance were calculated by the formulae that 
follow respectively: 

h2	=	 2δGCA
2

2δGCA
2 	+	δe

2                                     (8) 

δp 
2 	=	2δGCA

2 	+ δe 
2                                    (9) 

Baker’s Ratio which estimates the relative significance of additive to non additive gene effects (Mwije et al., 
2014) and allows inferences about optimum allocation of resources in hybrid breeding (Fasahat et al., 2016) was 
calculated using formula:  

Baker’s Ratio =	 2δGCA

2δGCA + δSCA
		                             (10) 

where, δGCA = General combining ability variance, δSCA = specific combining ability variance. 

3. Results 
Mean squares for susceptibility parameters on soybean seed are shown in Table 2. Significant differences were 
observed among F2 population for swl, ABE and DSI. No significant differences were observed among 
genotypes for number of eggs, %IE, MDP and GI.  

Table 3 presents means on response of parents and F2 generation to C. chinensis. The most susceptible genotypes 
were UG 5 (DSI = 4.99), Maksoy 3N (DSI = 5.96) and Maksoy 4N (DSI = 6.08). Most resistant genotypes were 
S-Line 9.2 × Maksoy 3N (DSI = 0.002), SREB-15C × Maksoy 3N (DSI = 0.002) and SREB-15C × S-Line 9.2 
(DSI = 0.002). Genotypes with the highest ABE were Maksoy 3N (adults = 68), UG 5 (adults = 65) and Maksoy 
4N (adults = 53). The lowest number of ABE was observed in genotype S-Line 9.2 × Maksoy 3N, SREB-15C × 
Maksoy 3N and SREB-15C × S-Line 9.2 (adult = 0.32). All crosses exhibited lower DSI values than their female 
parent except Maksoy IN and S-Line 9.2 crosses. Crosses with Maksoy 1N and S-Line 9.2 as female parent had 
higher DSI values than their female parent.  

 

Table 2. Analysis of variance for Callosobruchus chinensis susceptibility parameters in F2 generation 

Source df. swl swl% Eggs ABE %IE MDP GI DSI 
Rep 2 0.03ns 95.6ns 3194.5* 184.96ns 101092ns 239ns 126.3ns 9.52* 
Genotype 78 0.05** 266.8** 676.3ns 426.08*** 123575ns 218.9ns 158.4ns 4.61** 
Residual 154 0.03 163.1 701.5 90.6 91683 172.2 130.8 2.77 
Total 234 0.04 197 714.4 203.23 102394 188.3 140 3.44 

Note. df. = degrees of freedom, swl = Seed weight loss, swl% = Percentage seed weight loss, Eggs = Number of 
eggs, ABE = Adult bruchid emergence, %IE = Percentage adult insect emergence, MDP = Median Development 
Period, GI = Growth index, DSI = Dobie susceptibility index, ns = not significant, *** = P < 0.001, ** = P < 
0.01, * = P < 0.05. 
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Table 3. Mean performance of genotypes to Callosobruchus chinensis 

Genotype swl swl% Eggs ABE %IE GI MDP DSI 
1N 0.04 4.38 57.26 9.98 16.06 0.39 41.31 2.13 
1N × 3N 0.06 7.6 28.26 12.32 46.75 1.27 36.64 2.97 
1N × 4N 0.05 7.21 54.93 15.32 32.32 1.02 31.98 3.8 
1N × G7955 0.07 7.36 20.59 8.98 42.46 0.52 10.31 1.48 
1N × G8527 0.03 5.7 31.26 5.65 19.75 0.52 40.31 1.36 
1N × S-Line 13.2A 0.07 7.22 31.59 10.32 29.49 0.76 40.64 2.26 
1N × S-Line 9.2 0.08 6.65 28.26 8.65 48.12 1.36 35.31 2.62 
1N × SREB-15C 0.079 6.5 33.93 12.32 36.62 0.95 24.98 2.15 
1N × UG 5 0.12 11.47 52.93 21.65 35.71 1.01 36.98 2.76 
3N 0.19 19.9 70.59 68.98 98.01 3.18 30.98 5.96 
3N × 1N 0.27 24.61 58.26 17.98 52.4 1.6 33.98 3.43 
3N × 4N 0.21 17.78 65.59 16.98 24.15 0.69 37.64 3.21 
3N × G7955 0.22 17.73 32.93 9.65 17.28 0.49 24.64 1.73 
3N × G8527 0.23 18.38 52.93 15.98 35.96 1.07 34.64 3.12 
3N × S-Line 13.2A 0.13 16.56 53.59 21.65 41.14 1.13 35.98 3.55 
3N × S-Line 9.2 0.2 16.1 38.93 18.32 64.94 1.96 32.98 3.77 
3N × SREB-15C 0.17 18.39 23.93 8.32 27.63 0.85 21.64 2.24 
3N × UG 5 0.38 34.49 21.59 13.32 66.81 0.97 23.31 2.02 
4N 0.2 18.09 69.93 53.32 79.44 2.37 16.64 6.08 
4N × 1N 0.42 32.49 12.26 5.98 19.74 0.62 10.64 1.31 
4N × 3N 0.2 17.4 42.26 18.32 45.32 1.37 33.31 3.74 
4N × G7955 0.17 15.72 27.59 10.65 50.56 1.41 23.98 2.17 
4N × G8527 0.23 20.87 27.59 12.65 33.57 1.25 19.31 3.38 
4N × S-Line 13.2A 0.18 19.37 50.26 21.98 50.52 1.59 32.31 4.07 
4N × S-Line 9.2 0.33 24.47 52.26 24.32 42.22 1.3 34.64 3.62 
4N × SREB-15C 0.19 15.49 24.59 8.65 18.44 0.6 10.31 1.52 
4N × UG 5 0.27 20.24 47.59 21.65 66.05 1.95 33.64 3.67 
G7955 0.11 11.38 36.26 11.32 42.42 1.17 35.98 2.5 
G7955 × 1N 0.1 11.14 39.93 5.65 15.27 0.427 23.98 1.59 
G7955 × 3N 0.08 9.04 38.93 11.98 33.43 0.9 37.31 2.87 
G7955 × 4N 0.26 24.21 59.59 28.32 52.39 1.5 33.98 4.16 
G7955 × G8527 0.16 20.36 53.26 22.65 44.36 1.26 35.64 3.74 
G7955 × S-Line 13.2A 0.12 14.54 36.93 14.98 46.38 1.31 35.64 3.13 
G7955 × S-Line 9.2 0.03 2.36 38.34 5.57 -3.15 -0.37 46.81 1.2 
G7955 × SREB-15C 0.04 4.25 46.26 21.65 48.21 1.36 35.98 3.71 
G7955 × UG 5 0.1 11.83 17.28 5.02 42.02 0.95 40.89 1.8 
G8527 0.03 4.12 36.93 6.65 54.69 1.45 38.64 1.96 
G8527 × 1N 0.01 1.94 21.59 4.32 14.27 0.39 25.31 0.97 
G8527 × 3N 0.26 36.21 39.59 10.32 34.23 0.49 34.98 2.14 
G8527 × 4N 0.04 5.09 32.93 14.65 47.86 1.32 36.31 3.27 
G8527 × G7955 0.04 3.53 61.93 10.65 26.14 0.72 36.64 2.72 
G8527 × S- Line 13.2A 0.03 2.27 47.26 5.32 11.49 0.3 37.31 1.55 
G8527 × S-Line 9.2 0.03 2.04 18.93 8.32 26.72 0.84 28.98 1.91 
G8527 × SREB-15C 0.31 27.32 34.93 4.65 9.12 0.26 24.64 1.57 
G8527 × UG5 0.03 3.65 15.26 6.98 30.82 0.88 25.98 1.24 
S- Line 13.2A × SREB-15C 0.09 9.25 37.93 10.32 21.7 0.58 41.31 2.09 
S-Line 13.2A 0.12 15.19 42.59 10.98 32.18 0.9 35.31 2.89 
S-Line 13.2A × 1N 0.04 4.74 17.26 1.32 21.27 0.49 51.98 0.24 
S-Line 13.2A × 3N 0.11 26.43 57.26 5.32 10.06 0.26 39.64 1.81 
S-Line 13.2A × 4N -0.07 -11.66 29.06 3.66 -0.47 -0.15 45.14 0.9 
S-Line 13.2A × G7955 0.09 15.41 47.26 9.65 19.98 0.6 36.98 2.47 
S-Line 13.2A × G8527 0.05 7.83 16.26 4.32 34.14 0.97 42.98 1.35 
S-Line 13.2A × UG 5 0.04 5.74 23.93 1.98 9.79 0.23 29.64 0.69 
S-Line 9.2 0.04 6.09 17.59 1.98 9.78 0.29 23.31 0.84 
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S-Line 9.2 × 1N 0.03 6.92 35.93 3.32 9.77 0.23 42.64 0.91 
S-Line 9.2 × 3N 0.3 25.88 12.59 0.32 1.67 0.04 15.31 0 
S-Line 9.2 × 4N 0.02 4.93 26.59 3.65 13.44 0.33 42.64 1.25 
S-Line 9.2 × G7955 0.03 5.03 48.93 4.32 9.41 0.25 40.31 1.38 
S-Line 9.2 × G8527 0.07 11.97 34.26 9.32 32.79 0.85 37.98 2.52 
S-Line 9.2 × S-Line 13.2A 0.01 3.49 26.93 1.32 4.62 0.12 35.64 0.42 
S-Line 9.2 × SREB-15C 0.11 18.91 47.26 8.32 17.75 0.49 36.64 2.45 
S-Line 9.2 × UG 5 0.05 9.59 18.26 3.65 17.62 0.44 26.64 1.06 
SREB-15C 0.07 10.3 27.59 10.32 58.33 1.47 37.98 2.68 
SREB-15C × 1N 0.06 10.47 22.26 7.32 30.23 0.88 22.98 1.96 
SREB-15C × 3N 0.04 5.31 16.93 0.32 1.34 0.04 14.98 0 
SREB-15C × 4N 0.04 8.27 42.59 3.98 9.92 0.25 27.31 1.21 
SREB-15C × G7955 0.13 16.37 34.93 7.98 20.37 0.57 23.64 1.68 
SREB-15C × G8527 0.06 8.21 21.59 8.65 38.21 1.3 29.98 2.64 
SREB-15C × S-Line 9.2 0.05 6.09 24.26 0.32 3.72 0.08 16.64 0 
SREB-15C × UG 5 0.09 10.3 41.59 11.32 31.97 0.89 40.64 2.47 
SREB-I5C × S-Line 13.2A 0.18 18.83 54.93 13.32 20.94 0.59 36.31 2.73 
UG 5 0.36 28.07 28.93 64.98 1827 65.23 37.64 4.99 
UG 5 × 1N 0.24 15.59 51.59 6.65 32.88 0.93 34.64 2.14 
UG 5 × 3N 0.37 31.91 30.26 10.32 27.24 0.89 32.64 2.48 
UG 5 × 4N 0.27 21.98 23.59 12.32 66.5 1.97 33.64 2.45 
UG 5 × G7955 0.35 22.78 9.59 1.65 16.63 0.44 32.98 0.67 
UG 5 × G8527 0.64 48.66 60.59 16.65 45.78 1.27 35.31 3.37 
UG 5 × S-Line 13.2A 0.34 25.25 11.78 0.52 -6.26 -0.25 23.39 0.13 
UG 5 × S-Line 9.2 0.48 35.43 44.59 13.98 38.23 0.67 30.64 2.77 

LSD 0.287 25.7 42.98 15.45 491.4 21.3 18.56 2.7 

Note. swl = Seed weight loss, swl%=Percent seed weight loss, Eggs = Number of eggs, ABE = Adult bruchid 
emergence, %IE = Percent adult insect emergence, MDP = Median Development Period, GI = Growth index, 
DSI = Dobie susceptibility index, 1N = Maksoy 1N, 2N = Maksoy 2N, 3N = Maksoy 3N, 4N = Maksoy 4N.  

 

Results of the mean squares from a full diallel analysis are presented in Table 4. Crosses showed significant 
differences for trait swl (p < 0.01), ABE (p < 0.001) and DSI (p < 0.001). General combining abilities (GCA) 
were significantly different for traits swl (p < 0.01), ABE (P < 0.001) and DSI (P < 0.001). Specific combining 
abilities (SCA) were significantly different for trait ABE (p < 0.001) and DSI (p < 0.05) but was not significantly 
different for swl. Significant differences were observed in reciprocals for parameter swl (P < 0.01) and ABE (P < 
0.05) but were not significantly different for DSI. The results showed that there were maternal effect differences 
for swl (P < 0.01), ABE (P < 0.01) and DSI (P < 0.05). Narrow sense heritability for swl was 0.12, ABE (0.17) 
and for DSI it was 0.11. Broad sense heritability for swl was 0.12, for ABE was 0.55 and 0.19 for DSI. 
Phenotypic variance for swl was 0.04; ABE was 215.58 and 3.54 for DSI. Seed weight loss had the highest 
Baker’s ratio of unity (1) followed by DSI (BR = 0.59) and the least was reported in ABE (BR = 0.32).  
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Table 4. Mean squares for Callosobruchus chinensis susceptibility parameters in soybean 

Source of Variation df swl ABE DSI 
Rep 2 0.03ns 179.00ns 9.23* 
Cross 80 0.05** 426.20*** 4.88*** 
  GCA 8 0.16** 1100.39*** 13.17*** 
  SCA 36 0.02ns 574.49*** 4.33* 
  Reciprocal 36 0.05** 133.50* 3.78ns 
    Maternal 8 0.13** 316.60** 6.90* 
    No Maternal 28 0.03ns 81.19ns 2.87ns 
Residuals 158 0.03 88.35 2.70 
GCA component 0.002 18.74 0.19 
SCA component 0.00 81.02 0.27 
Maternal component 0.002 4.36 0.08 
Non Maternal component 0.001 0.00 0.03 
Phenotypic Variance 0.04 215.58 3.54 
Narrow Heritability 0.12 0.17 0.11 
Broad Heritability 0.12 0.55 0.19 
Baker’s ratio 1.00 0.32 0.59 

Note. df. = degrees of freedom, swl = Seed weight loss, ABE = Adult bruchid emergrnce, DSI = Dobie 
Susceptibility Index, ns = not significant, *** = P < 0.001, ** = P < 0.01, * = P < 0.05.  

 

GCA effects for C. chinensis susceptibility parameters are presented in Table 5. Genotype Maksoy 3N had 
positive significant GCA for swl (P < 0.05), ABE (P < 0.001), and DSI (P < 0.05). Genotypes G8527, G7955 and 
Maksoy 1N showed no significant GCA for all the parameters. Genotype Maksoy 4N had positive significant 
GCA for ABE (P < 0.001) and DSI (P < 0.01). Maksoy 4N had the highest GCA (0.879**) for DSI and ABE 
(6.590***). S-Line 13.2A had significant negative GCAs for swl (P < 0.05) and ABE (P < 0.01) but negative non 
significant GCA for DSI. S-Line 13.2A had the least GCA for swl (-0.049*). S-Line 9.2 had significant negative 
GCA for DSI (P < 0.01) and ABE (P < 0.01) but a non significant negative GCA for swl. S-line 9.2 had the least 
GCA for DSI (-0.69**), and ABE (-5.19**). SREB-15C had negative non significant GCAs for swl and DSI but 
significant for ABE (P < 0.01).  

Parent UG 5 had positive significant GCA for swl (P < 0.001) and ABE (P < 0.01) but non significant GCA for 
DSI. Furthermore, UG 5 presented the highest GCA (0.11***).  

The estimates of parents’ maternal effects are presented in Table 5. The genotypes Maksoy 4N and UG 5 had 
significant positive effects (P<0.01) for swl while only genotype AVRDC G7955 had significant positive effect 
(P < 0.05) for DSI. Genotypes Maksoy 3N and AVRDC G7955 had significant positive effect (P < 0.05) while 
S-Line 13.2A had significant negative effect for ABE. 

The estimates of SCA for the crosses are presented in Table 6. The SCA effects results showed that cross UG × 
SREB-15C had significant (P < 0.01) negative SCA effect for swl. Crosses SREB-15C × Maksoy 3N, 
SREB-15C × Maksoy 4N, and UG × S-Line 13.2A had significant (P < 0.05) negative SCA effects for DSI. The 
crosses AVRDC G8527 × AVRDC G7955, SREB-15C × AVRDC G7955 and SREB-15C × S-Line 13.2A had 
significant (P < 0.05) positive effect for ABE while crosses AVRDC G7955 × Maksoy 3N, Maksoy 4N × 
Maksoy 3N, SREB-15C × Maksoy 3N, SREB-15C × Maksoy 4N, UG x AVRDC G7955, UG × Maksoy 3N and 
UG 5 × S-Line 13.2A had significant (P < 0.01) negative SCA effect for ABE.  
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Table 5. GCA and maternal effects for Callosobruchus chinensis susceptibility parameters 

Parent swl Rank DSI Rank ABE Rank 
GCA effects 
Maksoy 1N -0.04ns 7 -0.21ns 6 -2.41ns 6 
Maksoy 3N 0.06* 2 0.61* 2 6.57*** 2 
Maksoy 4N 0.04ns 3 0.88** 1 6.59*** 1 
G7955 -0.02ns 5 0.11ns 3 -0.36ns 4 
G8527 -0.01ns 4 0.04ns 4 -2.04ns 5 
S-Line 13.2A -0.05* 9 -0.38ns 8 -3.51** 8 
S-Line 9.2 -0.04ns 6 -0.69** 9 -5.19** 9 
SREB-15C -0.04ns 8 -0.35ns 7 -3.50** 7 
UG 5 0.11*** 1 0.01ns 5 3.85* 3 

Maternal effect 
Maksoy 1N -0.03ns 7 0.38ns 3 2.37ns 3 
Maksoy 3N 0.01ns 3 0.39ns 2 2.94* 2 
Maksoy 4N 0.07** 2 0.18ns 4 1.41ns 4 
G7955 -0.01ns 4 0.46* 1 3.05* 1 
G8527 -0.04ns 8 -0.34ns 8 -1.70ns 7 
S-Line 13.2A -0.04ns 9 -0.46ns 9 -2.94* 9 
S-Line 9.2 -0.03ns 6 -0.33ns 7 -2.53ns 8 
SREB-15C -0.02ns 5 -0.17ns 6 -1.17ns 5 
UG 5 0.09** 1 -0.12ns 5 -1.45ns 6 

Note. swl = Seed weight loss, DSI = Dobie Susceptibility Index, ABE = Adult Bruchid Emergence, ns=not 
significant, *** = P < 0.001, ** = P < 0.01, * = P < 0.05.  
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Table 6. SCA effects for Callosobruchus chinensis susceptibility parameters on soybean F2 generations 

Cross DSI Rank  swl  Rank ABE Rank  
G7955 × Maksoy 1N -0.58ns 27 0.01ns 15 -1.64ns 19 
G7955 × Maksoy 3N -0.64ns 29 -0.03ns 26 -7.12* 30 
G7955 × Maksoy 4N -0.05ns 17 0.06ns 8 1.53ns 8 
G8527 × G7955 0.86ns 2 -0.01ns 19 7.32* 1 
G8527 × Maksoy 1N -0.89ns 32 -0.07ns 34 -2.30ns 22 
G8527 × Maksoy 3N -0.25ns 21 0.07ns 7 -3.11ns 25 
G8527 × Maksoy 4N 0.18ns 13 -0.03ns 27 -2.63ns 24 
Maksoy 3N × Maksoy 1N 0.58ns 6 0.01ns 16 -0.74ns 14 
Maksoy 4N × Maksoy 1N -0.34ns 23 0.09ns 3 -5.26ns 28 
Maksoy 4N × Maksoy 3N -0.24ns 19 -0.03ns 28 -7.24* 31 
S-Line 13.2A × G7955 0.86ns 3 0.04ns 10 4.46ns 4 
S-Line 13.2A × G8527 -0.43ns 26 -0.04ns 30 -1.36ns 17 
S-Line 13.2A × Maksoy 1N -0.38ns 25 0.00ns 17 0.01ns 13 
S-Line 13.2A × Maksoy 3N 0.23ns 11 -0.03ns 25 -1.31ns 16 
S-Line 13.2A × Maksoy 4N -0.24ns 20 -0.07ns 35 -2.00ns 21 
S-Line 9.2 × G7955 -0.35ns 24 -0.06ns 33 -1.24ns 15 
S-Line 9.2 × G8527 0.64ns 5 -0.04ns 29 4.32ns 5 
S-Line 9.2 × Maksoy 1N 0.45ns 7 -0.01ns 20 1.86ns 7 
S-Line 9.2 × Maksoy 3N -0.26ns 22 0.08ns 5 -3.79ns 26 
S-Line 9.2 × Maksoy 4N 0.02ns 16 0.04ns 11 0.86ns 11 
S-Line 9.2 × S-Line 13.2A -0.94ns 33 -0.05ns 31 -2.38ns 23 
SREB-15C × G7955 0.71ns 4 0.01ns 14 6.95* 3 
SREB-15C × G8527 0.19ns 12 0.10ns 2 0.46ns 12 
SREB-15C × Maksoy 1N 0.39ns 9 0.01ns 13 4.00ns 6 
SREB-15C × Maksoy 3N -1.36* 34 -0.06ns 32 -10.48** 34 
SREB-15C × Maksoy 4N -1.39* 35 -0.02ns 22 -8.50** 32 
SREB-15C × S-Line 13.2A 0.91ns 1 0.08ns 4 7.10* 2 
SREB-15C × S-Line 9.2 0.04ns 14 0.02ns 12 1.29ns 9 
UG 5 × G7955 -0.88ns 31 -0.02ns 23 -10.56** 35 
UG 5 × G8527 0.04ns 15 0.104ns 1 -1.72ns 20 
UG 5 × Maksoy 1N 0.43ns 8 -0.03ns 24 0.99ns 10 
UG 5 × Maksoy 3N -0.59ns 28 0.07ns 6 -10.33** 33 
UG 5 × Maksoy 4N -0.05ns 18 -0.02ns 21 -5.18ns 27 
UG 5 × S-Line 13.2A -1.44* 36 -0.01ns 18 -10.79** 36 
UG 5 × S-Line 9.2 0.38ns 10 0.05ns 9 -1.56ns 18 
UG 5 × SREB-15C -0.64ns 30 -0.16** 36 -6.42ns 29 

Note. swl = Seed weight loss, DSI = Dobie Susceptibility Index, ABE = Adult Bruchid Emergence, ns = not 
significant, *** = P < 0.001, ** = P < 0.01, * = P < 0.05. 

 
4. Discussions 
To develop an efficient and successful resistance breeding programme, understanding the genes controlling 
resistance is fundamental. Studying the mode of inheritance and the number of genes controlling resistance is 
very important because choice of breeding method depends on this (Keneni et al., 2011). For example where 
bruchid resistance is influenced by cytoplasmic gene effects, backcross methods would be more applicable. 
However, information from the literature on bruchid resistance inheritance studies in soybean is scanty. The 
genetic control of resistance to storage insect pests may range from monogenic to polygenic (Dent, 2000; Singh, 
2009). Mostly additive and dominant genes may govern storage insect pest resistance in many legumes but a few 
cases of cytoplasmic gene effect have also been reported (Singh, 2009; Keneni et al., 2011).  

In this study nine parents were crossed in a full diallel to determine the gene action and inheritance of resistance 
to C. chinensis. From the present study genotypes were significantly different for swl, ABE and DSI. GCA and 
maternal effects were significant (P < 0.05) for swl, DSI and ABE from F2 soybean seeds. Susceptibility 
parameters ABE and DSI recorded significant SCA. Genotypes S-Line 9.2 and S-Line 13.2A recorded negative 
significant GCA effects for at least two of the susceptibility parameters.  

Genotypes showed variability in response to bruchid infestation for swl, ABE and DSI (Table 2) implying that 
crosses and parents exhibited varying levels of resistance thereby providing an opportunity for crop 
improvement work on soybean. Wayne et al. (2004) reported that genetic variation could be due to either cis- or 
trans-acting factors at transcript level. A gene might contain a mutation in its cis-regulatory region, and/or the 
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amount or activity of trans-regulating factors controlling its expression might vary (Murtadha et al., 2018). The 
cis- and trans-acting elements are the two complimentary regulatory components in the transcriptional 
machinery of eukaryotes. The gene expression differences between parental alleles usually observed as 
phenotypic variations is a result from cis- and/or trans regulatory changes. Further these results basically implied 
that the swl, ABE and DSI could further be used for screening genotypes in the genetic analyses. Parameters 
Eggs, MDP and GI did not show variability among F2 genotypes, therefore could not be used in the genetic 
analyses. These findings are in agreement with Kananji (2007) who reported variability in susceptibility 
parameters in dry beans.  

The results indicated a decrease in DSI with hybridization except for crosses with female parent Maksoy 1N and 
S-Line 9.2 (Table 3), thus implying that hybridization can increase resistance probably by reducing the number 
of ABE and increasing the MDP. Derera et al. (2014) also reported similar findings. Similar results were 
observed in the reciprocal crossing which showed no significant influence on DSI.  

According to Hallauer et al. (1988) the average performance of a parent in a hybrid combination is termed GCA, 
whilst the deviation of the performance of a hybrid from the expectation based, on the average GCA effects of 
the lines that produced the hybrid is termed the SCA. GCA is equivalent to the breeding value and estimated 
additive genetic variation (Wayne et al., 2004). Significant GCAs were observed among parents indicating 
differences in performance of genotypes as parents in hybrid combinations (Mwije et al., 2014). Further more 
significant differences in the three parameters of swl, ABE and DSI indicated that genes controlling soybean 
resistance to C. chinensis lack dominance (Abakemal et al., 2011) and their gene action is additive, therefore the 
expression of the offspring were intermediate (Table 4). This suggests that selection of parents to generate 
resistant crosses and developing resistant pure line cultivars is possible (Mulbah et al., 2015). These results 
further indicated that selection would be effective and it could be used to fix resistance in cultivars (Fasahat et al., 
2016). However SCA mean squares for ABE and DSI were significant indicating that resistance to C. chinensis 
was also influenced by non additive gene effects signifying the presence of a locus or loci with dominance 
variation (Fasahat et al., 2016). Presence of significant SCA indicates that a complex type of inheritance to 
resistance of C. chinensis may be involved in some parents (Hakizimana et al., 2004). Similar conclusions were 
drawn by Kananji (2007) in beans and Somta et al. (2007) in mungbeans. The presence of both additive and non 
additive gene actions might indicate transgressive segregation in soybean (Machado et al., 2009). Wayne et al., 
(2004) reported that if parental alleles were purely additive, then an F2 genotype would deviate from the 
population mean by the sum of the GCAs of its parents and due to environmental or error effects. Any additional 
deviation from the population mean would be attributable either to dominance, i.e., intralocus interactions, of 
alleles or to epistasis, i.e., interlocus interactions (Cai et al., 2012).  

This study showed that maternal effects were significant (Table 4), indicating that resistance to C. chinensis 
depended on the genotype of maternal parent used in hybridization (Vaiserman et al., 2013). In fact all the 
significant effects of reciprocal crosses were attributed to maternal effects since non-maternal effects were not 
significant for all the traits implying that seed resistance was controlled by chemicals synthesized by the female 
parent and transported to the cotyledon and embryo of the seed (Somta et al., 2007). This finding is in agreement 
with Fernandez and Talekar (1990), and Somta et al. (2007), who concluded that resistance to bruchids in 
mungbean was controlled by the maternal genotype. Maternal effects indicate that the traits had mitochondrial 
mode of inheritance pattern implying that when selecting parents for hybridization in soybean for bruchid 
resistance breeders should give female parent priority (Cai et al., 2012). The significant difference between 
reciprocal crosses indicated that non- chromosomal maternal effects could have contributed to a heterotic 
response (Mendes et al., 2015), and presence of the interaction of the genes with nuclear factors or the 
expression of extranuclear genes (Cai et al., 2012).  

Seed weight loss and DSI recorded high Baker’s ratio of 1 and 0.59 respectively (Table 4) and this implied 
preponderance of additive gene action. The unity baker’s ratio for swl indicated total influence of additive gene 
effects (Baker 1978). The Baker’s ratio of unity or closer to unity indicated greater predictability of progeny 
performance based on the GCA alone (Cai et al., 2012) and better transmission of trait to the progenies 
(Murtadha, et al. 2018). In soybean a self pollinating crop this implied that when non additive genes are lost after 
some generations, it would practically be possible to fix genes controlling these traits. The breeding procedures 
to be adopted for these characters include pure line selection, mass selection, progeny selection, hybridization 
and selection and heterosis breeding (Choudhary et al., 2004). The bakers’ratio for ABE was 0.32, indicating that 
non-additive gene effects were more important than additive gene effects in controlling the inheritance of this 
trait in the germplasm evaluated. Cai et al. (2012) reported that performance of hybrids for traits with low 
Baker’s ratio couldn’t be predicted from GCA but from exploiting of the SCA. Therefore, only crossing the two 
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parents with the lowest ABE-GCA effects cannot simply produce the best C. chinensis resistant progeny 
(Hakizimana et al., 2004) as such breeding procedure for this character should be performed using heterosis 
breeding method (Choudhary et al., 2004).  

Estimation of the components of variance for a quantitative trait allows one to evaluate both the degree to which 
genes influence the trait and the trait’s underlying genetic architecture (Abney et al., 2001). The narrow sense 
heritability results in Table 4, indicated that additive gene action was present but not high as such early 
generation selection would not be very effective. High narrow sense heritability of closer to 1 or 100% indicates 
that early generation selection would be effective (Hansen, 1989). Adult bruchid emergence had a high broad 
sense heritability which was an indication of high dominance genetic contribution towards phenotypic variance. 
Seed weight loss had broad and narrow sense heritabilities equal indicating no significant dominance effect 
(Bahmankar et al., 2014).  

The GCA effects results for the parents (Table 5) clearly showed that genotype Maksoy 1N, G7955 and G8725 
had no significant GCA for any of the traits suggesting that these genotypes influence on the studied traits did 
not depend on the partner combining with them. Parent UG 5 and Maksoy 3N contributed highest to swl while 
SREBC-15C and S-Line 13.2A contributed the least to swl (Table 5) suggesting the best donors for developing 
reduced swl varieties would be SREB-15C and S-Line 13.2A. Genotype UG 5 would generate the populations 
with highest mean swl while the population with least swl would be generated by S-Line 13.2A (Dias et al., 
2017). 

Parent Maksoy 4N and Maksoy 3N contributed highly to DSI while S-Line 9.2 contributed the least to DSI 
indicating that Maksoy 4N and Maksoy 3N would increase susceptibility of genotypes in hybridization 
(Fernandez & Talekar, 1990) while S-Line 9.2 was best combiner for bruchid resistance amongst the parents. 
Parent S-Line 9.2 contributed the least to adult bruchid emergence while parent Maksoy 4N and Maksoy 3N 
contributed the highest to ABE indicating that S-Line 9.2 was best combiner for reduction of ABE. The results 
from this study indicated that it was not easy to get one donor genotype for all traits of interest (Murtadha et al., 
2018). The results suggested that to improve soybean resistance to bruchids, it was imperative that genotypes 
with negative GCAs should be selected (Maphosa, 2013).  

Out of the 9 genotypes used in the study, 6 had negative GCA effects and only three (Maksoy 3N, Maksoy 4N 
and UG 5) had positive GCA effects. Negative general combining abilities are preferred for pest and disease 
resistance because they are based on the scale where highest values are associated with more pest infestation 
(Fasahat et al., 2016). 

Significant SCA effects (Table 6) were observed in 11 out of 36 of crosses, indicating the presence of non- 
additive gene effects. Crosses with significant negative SCA effects such as SREB-15C × S-Line 13.2A, 
SREB-15C × Maksoy 3N, AVRDC G7955 × Maksoy 3N just to mention a few would be very beneficial in the 
development of C. chinensis resistant varieties. The significant and positive SCA effects presented by cross 
AVRDC G8527 (Resistant) × AVRDC G7955 (Resistant) could not be explained very well but Kananji (2007) 
reported that this happens due to quantitative inheritance of genes, however Symphorien (2018) reported that 
accidental resistance break down could happen when two or more resistant genotypes are combined. A number 
of studies (Abakemal et al., 2011; Nagarajan et al., 2017) observed the same results but gave no explanation for 
it, which therefore warrants more studies on the factors creating such a situation.  

Significant and negative SCA effects were observed for the combination UG 5 × 3N (S × S) suggesting that 
resistance of these progenies was higher or lower than would be expected from the average resistance of their 
respective parents thereby implying that resistant genotypes could be produced from susceptible parents due to 
transgressive segregation or inter and intra-locus gene interactions (Hakizimana et al., 2004).  

5. Conclusions and Recommendations 
The study identified SREB-15C, S-Line 9.2 and S-Line 13.2A as useful parents in breeding for resistance to C. 
chinensis based on general combining abilities. The study established that additive and non-additive gene effects 
governed the gene expression in soybean resistance to C. chinensis. The presence of maternal effects signified 
the importance of ensuring that parental lines with most desired traits are always made females during 
hybridization. The best progenies from crosses with negative GCAs should further be screened and advanced for 
the release of resistant varieties.  

This study generated knowledge on the genetic inheritance and start up material for the breeding programme. In 
a nutshell, there are heritable quantitative traits controlling bruchid resistance which can be exploited in the 
soybean breeding program. However, there is need to test more germplasm lines including the wild relatives of 
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soybean and more hybrid development by screening segregating F2 soybean populations. This will enable to 
validate the consistency of the gene action. Our results relied on phenotypic data, we suggest follow up studies to 
map and identify quantitative trait loci associated with resistance to bruchids. The identification of QTL is key in 
marker assisted breeding which would bypass the challenges and lengthy procedures associated with 
conventional breeding.  
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