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Abstract 
Estimating the combining ability and gene action is paramount important in designing future breeding 

in newly developed maize inbred lines. The experiment was conducted at Haro Sabu Agricultural 

Research Centre during the 2019 cropping season with the objective to estimate combining ability and 

to identify the direction and magnitude of gene action involved in maize test crosses. Eighteen inbred 

lines and 4 single cross testers were crossed in line x tester mating design. The resulting 72 F1 crosses 

and 3 standard checks (BH543, BH546, and BH547) were evaluated in a 5x15 alpha-lattice (0, 1) 

design with 2 replications. Mean square due to general combining ability (GCA) were significant for 

all traits except for mean square due to testers for harvesting index, anthesis silking interval, days to 

anthesis, days to silking, and days to maturity. The mean square due to the specific combining ability 

(SCA) effect showed significant differences for all traits excluding kernels per row, plant height, 

anthesis silking interval, days to silking, gray leaf spot, and tarcicum leaf blight. The significant GCA 

and SCA effects were indicative of the importance of both additive and non-additive gene actions. L3, 

L5, L6, L8, L11 inbred lines, and T1 and T2 testers were identified for desirable positive and 

significant GCA effects for grain yield. From 72 crosses; L3xT1, L11xT3, L10xT2 L12xT1, L17xT1, 

L9xT2, and L5xT1 exhibited maximum, desirable positive and significant SCA effect for grain yield. 

The identified elite parents and test crosses for grain yield and yield-related traits could be used in the 

maize breeding program. 
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1. Introduction 

Maize (Zea Mays L.) has broad morphological variability and geographical adaptability due 

to its cross-pollination. In Ethiopia, maize ranks second after teff, followed by wheat, 

sorghum, barley, and millets in the area and ranks first, followed by teff, sorghum, wheat, 

barley, and millet in production (CSA 2020) [3]. Smallholder farmers produce over 95% of 

total maize and the remaining from commercial farms is used for seed mostly (USDA 2021) 
[20]. Maize area and yield in Ethiopia have increased for the last twenty years. Yields have 

reached more than 3.6 MT/ha. The area and productivity change are due to multiple factors; 

improved hybrid seeds especially from Pioneer, increased demand for food and feed with the 

expansion of poultry farms, livestock fattening, dairy development, and better access to 

markets for producers (USDA 2021) [20]. 

The maximum yield potential of maize is not exploited yet in Ethiopia due to biotic and 

abiotic factors. The development of hybrid with high yielding potential is important to 

increase maize production. Combining ability and heterosis are prerequisites for developing 

a good maize hybrid variety. Combining ability is the ability of a parent to produce inferior/ 

superior combinations in one or a series of crosses (Singh and Chaudhary 1985) [17]. It 

determines the usefulness of the parent in developing hybrid, composites, and synthetic 

varieties. Using this concept, genetic variance is partitioned into; variance due to GCA and 

SCA effects. GCA is the average performance of a line in hybrid combination and 

measurement of additive gene actions whereas the SCA is the cases in which certain hybrid 

combinations do relatively better and estimate non-additive gene action; dominance and 

epistasis (Sparague and Tatum 1942; Gowen 1964) [18, 7].  

Understanding the importance of the two combining ability and gene action is important to 

designing future breeding in newly developed maize inbred lines (Girma et al. 2015) [4]. 

Therefore, this study aimed at estimating combining ability and gene action involved in grain 

yield and yield components of mid-land maize. 
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2. Materials and Methods 

2.1. Experimental materials 
The experiment consists of 75 genotypes including 72 test 

crosses formed by crossing 18 inbred lines to 4 single cross 

testers in line x tester mating design developed by 

Kempthorne (1957) [10] and 3 standard check hybrids (BH 

543, BH 546, and BH 547) adapted for mid-land agro-

ecology of Ethiopia. The inbred lines used (Table 1) were 

developed at Bako National Maize Research Center using 

the pedigree method.  

 

Table 1: Description of maize inbred lines and testers parents used in cross formation 
 

Code Pedigree Source 

L1 BLWBAMNM SYN 2006F3-35-2-1-1-1 BNMRC 

L2 BLWBAMNM SYN 2006F3-35-2-2-2-1 BNMRC 

L3 BLWBAMNM SYN 2006F3-35-2-2-3-1 BNMRC 

L4 BLWBAMNM SYN 2006F3-61-2-1-1-1 NMRC 

L5 BLWBAMNM SYN 2006F3-149-1-1-2-1 BNMRC 

L6 NM Composite 2008-10-3-2-2-1-1 BNMRC 

L7 NM Composite 2008-10-3-2-2-1-2 BNMRC 

L8 NM Composite 2008-42-2-1-1-1-1 BNMRC 

L9 NM Composite 2008-42-2-1-1-2-1 BNMRC 

L10 NM Composite 2008-45-1-2-1-1-1 BNMRC 

L11 (SC-22 x Z605C2F2428-3-B-B-B-B-B-# X SC-22)F2 x SC-22(F2)-13-2-2-1-1-1 BNMRC 

L12 (SC-22x DRA-F2-141-2-1-1-10-B-B-#XSC-22)F2 x SC-22(F2)-9-1-1-2-1-1 BNMRC 

L13 CML-197 x 142-1-e(F2) 17-1-1-1-1-1-1 BNMRC 

L14 CML-197 x 142-1-e(F2) 60-1-1-1-1-1-1 BNMRC 

L15 CML-197 x 142-1-e(F2) 60-1-1-2-1-1-1 BNMRC 

L16 CML-197 x 142-1-e(F2) 197-1-1-1-1-1-1 BNMRC 

L17 35B-190-O-S10-2-1-2-2-1-3-1-1 BNMRC 

L18 35B-190-O-S10-2-1-2-3-1-1-1-1 BNMRC 

T1 PO'00E-3-2-1-2-1/CML312 BNMRC 

T2 CML202/ILO'00E-1-9-1-1-1-1-1 BNMRC 

T3 CML312/CML442 CIMMYT 

T4 CML395/CML202 CIMMYT 

BH-543 Released Variety BNMRC 

BH-546 Released Variety BNMRC 

BH-547 Released Variety BNMRC 

Key: BNMRC= Bako National maize research centre, CIMMTY= International Maize and Wheat Improvement Centre, L= inbred lines, 

T=Testers 

 

2.2. Experimental design and field management 
The study was conducted at Haro Sabu Agricultural 

Research Centre during the 2019 cropping season. The 

center is located 550 km west of Addis Ababa; between a 

latitude of 8052’51’’N and a longitude of 35013’18’’E with 

an altitude of 1515 meters above sea level. The soil type at 

the study site is characterized by Nitosol with sandy loam 

soil textural class. The main rain periods of the study area 

cover from April to November. The annual rainfall during 

the experimental period was 1481mm with a unimodal 

distribution pattern and the monthly mean minimum and 

maximum temperatures were between 12.65oC and 28.93 

°C, respectively.  

The experiment was carried out in a 5x15 alpha-lattice (0, 1) 

design (Patterson and Williams 1996) [13] with 2 replications 

where a replication consists of 15 blocks each with 5 plots. 

Each entry was planted in a two-row plot of 5.1m long and 

0.75m apart with 0.3m between plants. Two seeds were 

planted per hill and then thinned to one plant per hill to get a 

total plant population of 44,444-ha. At planting, DAP (18N 

and 46% P2O5) was applied at the rate of 100 kg ha-1; 

while, Urea (46% N) was applied at the rate of 200 kg ha-1 

in the split form, where each 50% at applied at planting and 

knee height. All agronomic practices were done as 

uniformly as required. 

 

2.3. Data analysis 
Data were collected on plant and plot-based observation 

following the procedures developed in maize descriptor for 

respective traits. 

 

Plant-based observation 

Ear per plant (EPP), kernels row per ear (KRPE), kernels 

per row (KPR), ear height (EH), and plant height (PH). 

 

Plot based observation 

Grain yield (GY), thousand kernel weight (TKW), shelling 

percentage (SP), harvesting index (HI), days to anthesis 

(DA), anthesis silking interval (ASI), days to silking (DS), 

days to maturity (DM), gray leaf spot (GLS), tarcicum leaf 

blight (TLB) and common leaf rust (CLR). 

The collected data were organized and subjected to SAS 

statistical package (SAS, 2006 version 9.1.3) for further 

analyses. The mean separation was done by using Duncan’s 

New Multiple Range Test (DNMRT) deploying the 

procedure suggested by Gomez and Gomez (1984) [5].  

 

2.4. Estimation of combining ability effects 

The GCA effect of lines and testers and the SCA effect of 

lines × testers were determined following the lines × tester 

analysis of Kempthorne. The GCA and SCA variances were 

computed using SAS statistical package (SAS 2006). The 

proportional contribution of lines GCA, testers GCA, and 

line × tester SCA to the sum of the square were computed 

(Singh and Chaudary 1985; Sharma 2006) [17, 16]. 
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3. Results and Discussions 

Analysis of variance was done for grain yield (GY) and 

yield related traits; number of ears per plant (EPP), number 

of kernel rows per ear (KRPE), number of kernels per row 

(KPR), thousand kernel weight (TKW), plant height (PH), 

and ear height (EH), harvesting index(HI), days to anthesis 

(DA), days to silking (DS), anthesis silking interval (ASI), 

days to maturity (DM), gray leaf spot (GLS) and tarcicum 

leaf blight (TLB) as presented in table 2. 

Mean square due to GCA and SCA effects were significant 

for grain yield and majority of observed yield components 

(Table 2). Signposts presence of adequate genetic variability 

among tested materials which could be partitioned into 

additive and non-additive gene action that can govern 

inheritance of respective traits. The significant (p<0.01 or 

p<0.05) GCA mean squares due to lines and testers (Table 

2), expresses the importance of additive gene action in 

governing inheritance of respective traits. The SCA mean 

squares of line × tester was highly significant for all traits 

excluding kernel per row (KPR), plant height (PH), anthesis 

silking interval (ASI), days to silking (DS), gray leaf spot 

(GLS) and tarcicum leaf blight (TLB) as shown in table 2, 

manifesting the importance of non-additive gene action.  

 
Table 2: Mean square of crosses evaluated at Haro Sabu Agricultural Research Center, West Ethiopia 

 

Source of variation DF GY EPP KRPE KPR TKW EH PH 

Error 71 0.23 0.02 0.64 12.02 138.99 42.53 83.12 

Rep 1 1.5 0.05 0.02 10.95 2.51 361.57 2024.03** 

Line (GCA) 17 7.03** 0.12** 4.43** 78.59** 1981.38** 702.98** 1016.69** 

Tester (GCA) 3 15.28** 0.55** 12.93** 122.70** 520.97 1913.38** 1642.48** 

LXT (SCA) 51 3.36** 0.07** 1.81** 13.78 515.09** 152.26** 184.33 

% contribution of line  35.5 28.5 36.45 55.5 64.78 46.95 54.67 

% contribution of tester  13.62 22.74 18.78 15.29 7.57 22.55 15.59 

% contribution of LxT  50.88 48.77 44.77 29.2 27.66 30.5 29.74 

Source of variation DF HI DA ASI DS DM GLS TLB 

Error 71 26.07 0.35 0.2 0.44 0.83 0.26 0.15 

Rep 1 51.07 0.03 0.17 0.11 0.84 1.00 0.44 

Line (GCA) 17 135.99** 15.44** 1.77** 23.47** 35.13** 1.66** 1.25** 

Tester (GCA) 3 195.9 0.50** 0.12 0.25 0.03 2.43** 1.28** 

LXT (SCA) 51 75.21** 1.60** 0.46 2.75 9.26** 0.53* 0.27* 

% contribution of line  34.32 75.98 55.74 73.86 55.84 45.01 54.58 

% contribution of tester  8.73 0.43 0.66 0.43 0.01 11.61 9.83 

% contribution of L x T  56.95 23.59 43.61 26 44.15 43.38 35.6 

Whereas, ASI= anthesis-silking interval, CLR= common leaf rust,CV= coefficient of variation, DA= days to anthesis, DM= days to 

maturity, DS= days to silking, EH= ear height, EPP = ear per plant, GCA=general combining ability, GLS= gray leaf spot, GY= grain yield, 

HI= harvesting index, KPR= kernels per row, KRPE= kernels row per ear, L=lines, LXT= line by tester, ns= non-significant difference at 

0.05 probability level, PH=plant height, Rep= replication, SCA=specific combining ability, T= tester, TLB= tarcicum leaf blight, TKW= 

thousand kernel weight, %= percentage contribution, **= significant difference at 0.01 probability level and the values with no asterisk are 

non- significant. 

 

The result of present study agree with (Ziggiju et al., 2017, 

Tekele, 2022) [22], who reported existence of sufficient 

genetic variation to make the selection among the tested 

genotypes which could be partitioned to different genetic 

components for grain yield and yield-related traits of 

different sets of maize genotypes. 

The mean squares due to testers GCA exhibited larger 

magnitude than those of lines for most of the traits except 

for thousand kernel weight and phonological traits and this 

further shows the existence of greater genetic variability 

among the testers than the lines. Studying maize inbred lines 

for grain yield and yield related traits using 8×8 diallel 

crosses Woldu et al. (2020) [21] reported the presence of 

genetic variability to make selection in breeding programs 

which agrees with present study.  

The proportion of GCA sum of squares was higher than that 

of SCA for most of the observed traits, presenting the more 

importance of additive gene action than non-additive one in 

governing the inheritance of respective traits (Table 2). The 

magnitude of parental contribution was 51.24% for ear per 

plant (EPP) and 49.12% for grain yield (GY) whereas the 

cross contribution was 48.77% (EPP) and 50.88% (GY), 

exhibiting relatively equal importance of additive and non-

additive gene action in governing the inheritance of these 

traits (Table 2). 

Conversely, cross combination had larger contribution for 

harvesting index (Table 2), illustrating the more importance 

of non-additive gene action for inheritance of harvesting 

index. The larger magnitude of parental contribution than 

that of the cross combinations for the remaining agronomic 

traits (Table 2), suggests the more importance of additive 

gene governance than non-additive one. The result 

supported Abenezer et al. (2020) [1], who reported difference 

in magnitude of additive and non-additive gene effect for 

different agronomic traits in their separate study of 

combining ability analysis of maize inbred lines in Ethiopia. 

 

3.1. General combining ability estimation 

The GCA effect varied from -1.15 (L1) to 2.25 (L8) for GY, 

-0.23 (L1) to 0.11 (L5, L8 and L18) for EPP, -1.38 (L4) to 

1.52 (L5) for KRPE, -6.29 (L1) to 6.10 (L11) for KPR, -

26.17 (L15) to 19.21 (L8) for TKW and -8.84 (L2) to 4.20 

(L11) for HI. The desirable positive and significant line 

GCA effect was assessed from five, six, five, four, seven, 

six inbred lines for grain yield (GY), ear per plant (EPP), 

kernel row per ear (KRPE), kernel per row (KPR), thousand 

kernel weight (TKW) and harvesting index (HI), 

respectively (Table 3). In the same way, the desirable 

positive and significant tester GCA effect was computed 

from two (GY), three (EPP), two (KRPE), two (KPR), one 

(TKW), and one (HI) tester as briefed in table 3.  
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The desirable positive and significant GCA effect was 

estimated from five lines and two testers for grain yield, six 

lines and three testers for ear per plant, five lines and two 

testers for kernel row per ear, four lines and two testers for 

kernel per row, seven lines and one tester for thousand 

kernel weight, six lines and one tester for harvesting index 

(Table 3). This further shows that the identified parents 

were good combiner for respective traits and the inheritance 

of these traits was governed by additive gene action. It also 

shows high possibility of utilization of these parents to make 

an effective selection, implying they are useful to develop 

high yielding variety in maize breeding program through 

reciprocal selection or in their cross combination as they 

may contribute desirable allele into new variety. The same 

finding was reported by (Karim et al. 2018; Abenezer et al. 

2020; Takele, 2022) [9, 1, 19]. 

A significant (p<0.01 or 0.05) GCA effect of lines and 

testers for GY, EPP, KRPE, KPR, TKW and HI (Table 3) 

was in accordance with Mamud et al. (2020) [11], who 

reported significant GCA effect for grain yield and 

positively yield enhancing traits in their study of combining 

ability analysis of maize inbred lines at Bako National 

Maize Research Center, Ethiopia. 

 

Table 3: General combining ability of lines and testers 
 

Lines GY EPP KRPE KPR TKW EH PH HI DA DS ASI 

L1 -1.15** -0.23** -0.37 -6.29** -14.8** -12.06** -5.97 -7.36** -0.44* -0.32 0.02 

L2 -0.63** -0.15** -0.39 -3.9** -2.17 -3.39 -5.96 -8.84** -1.19** -1.32** -0.1 

L3 0.77** 0.08 0.79** 3.21** 17.12** -1.09 1.62 1.53 0.43* 0.56* 0.15 

L4 -0.71** 0.02 -1.38** 0.73 -12.15** -1.64 -4.31 -3.06* -0.57** -0.32 -0.1 

L5 1.32** 0.11** 1.52** 3.32** 22.96** 4.98* 1.52 3.88* 0.81** 1.06** 0.27 

L6 1.24** 0.23** 1.14** -0.58 11.51** 7.28** 9.49** 3.52* 2.81** 3.31** 0.52** 

L7 -0.49** -0.10* -0.51 -0.49 -3.28 -6.30** -3.75 0.36 -1.32** -1.44** -0.1 

L8 2.25** 0.11** 0.72* 1.36 19.21** 11.74** 21.64** 5.27** 3.06** 3.43** 0.52** 

L9 -0.43** 0.04 0.05 -0.86 1.39 1.28 2.47 1.25 -0.19 0.18 0.40** 

L10 -0.12 0.08* 0.38 0.76 -23.75** 8.02** 8.92** 3.86* -0.82** -0.69** 0.15 

L11 0.93** 0.07 0.70* 6.10** 15.31** 0.45 -0.45 4.2** 0.43* 0.68** 0.27 

L12 0 -0.08* -0.11 0.19 5.94 12.69** 8.40** 0.99 -0.19 -0.19 0.02 

L13 0.21 0.09* -0.60* 2.09 15.10** 12.83** 20.77** 3.97* 1.31** 1.81** 0.52** 

L14 -0.84** -0.06 -0.56* 0.49 -18.56** -8.20** -12.33** -1.53 -1.94** -1.94** 0.02 

L15 -0.95** -0.04 -0.49 -3.67** -26.17** -23.84** -23.55** -5.47** -1.07** -2.19** -1.10** 

L16 -0.42* -0.17** 0.11 3.10** 13.33** 2.47 0.15 0.31 0.93** 1.06** 0.15 

L17 -0.81** -0.12** -0.73** -4.52** -13.29** -6.51** -12.84** -2.53 -1.57** -2.57** -0.98** 

L18 -0.16 0.11** -0.27 -1.06 -7.7 1.28 -5.83 -0.34 -0.44* -1.07** -0.60** 

SE(d) 0.06 0.04 0.27 1.08 4.02 2.32 3.03 1.52 0.2 0.22 0.15 

SE(gi-gj) 0.16 0.07 0.4 1.73 5.89 3.26 4.56 2.55 0.3 0.33 0.22 

T1 0.47** 0.06** 0.38** 1.90** 2.33 6.11** 8.13** 0.77 -0.06 -0.07 -0.05 

T2 0.64** 0.05** 0.2 -0.65 -3.09 5.07** 2.89* 1.24 0.11 0.04 -0.05 

T3 -0.48** -0.18** 0.31** -2.27** 4.13* -9.71** -6.47** -3.47** 0.08 0.1 0.06 

T4 -0.64** 0.07** -0.89** 1.02* -3.37* -1.47 -4.54** 1.47* -0.14 -0.07 0.03 

SE(d) 0.07 0.02 0.12 0.45 1.69 0.98 1.27 0.64 0.08 0.09 0.06 

SE(gi-gj) 0.11 0.03 0.19 0.82 2.78 1.54 2.15 1.2 0.14 0.16 0.11 

Whereas, ASI= anthesis-silking interval, DA= days to anthesis, DM= days to maturity, DS= days to silking, EH= ear height, EPP = ear per 

plant, GLS= gray leaf spot, GY= grain yield, HI= harvesting index, KPR= kernels per row, KRPE= kernels row per ear, L=lines, PH=plant 

height, SE(d)= standard error, SE(gi-gj)=standard error difference, T= tester, TLB= tarcicum leaf blight, TKW= thousand kernel weight, **= 

significant difference at 0.01 probability level, *= significant difference at 0.05 probability level and the values with no asterisk are non- 

significant 

 

The desirable negative and significant (p<0.01 or p<0.05) 

line GCA effect was displayed by five (ear height) and three 

(plant height) inbred lines and one (ear height) and two 

(plant height) testers (Table 3), unlike Mamud et al. (2020) 
[11], who reported non-significant plant statue in their study. 

Thus, this study identified good combiner parents for 

desirable plant statue which were important for shorter 

variety development. Among the parents that showed 

positive and significant GCA effect for EH and PH; L5, L6, 

L8 T1 and T2 revealed positive and significant GCA effects 

for grain yield and harvesting index (Table 3). Such parents 

are highly promising for areas where maize stover is greatly 

used as animal feed. However, care should be taken either to 

improve the height of these parents or not to introduce these 

parents into farming system where heavy rain fall and wind 

is abundant to the level it can cause lodging. In this study it 

was noticed that most of the parents with desirable GCA 

effect for EH and PH revealed GCA effect towards 

undesirable direction for grain yield and positively yield 

enhancing traits (Table 3), which in line with (Girma et al., 

2015; Tulu et al., 2018; Elmyhun et al., 2020) [4, 6]. 

For phonological traits; the desirable negative and 

significant line GCA effect was computed from nine (DA), 

seven (DS), three (ASI), and six (DM) inbred lines. The 

GCA effect varied from -1.94 (L14) to 3.06 (L8) for DA, -

2.19 (L15) to 3.43 (L8) for DS, -1.10 (L15) to 0.52 (L6, L8 

and L13) for ASI, -4.08 (L17) to 4.17 (L6) for DM (Table 

3). Mamud et al. (2020) [11] and Alphonse et al. (2021) have 

also reported a significant GCA effect of lines for days to 

anthesis, silking and maturity in their study of combining 

ability analysis of maize inbred lines as observed in this 

study. Unlike Mamud et al. (2020) [11], who reported 

significant GCA effect of testers for DA, DS and DM, none 

of the tester used in this study showed the desirable negative 

and significant GCA effect for phonological traits (Table 3). 
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Table 3: (Continued) 
 

Lines DM GLS TLB Line DM GLS TLB 

L1 -1.45** 0.68** 0.34* L11 0.3 -0.32 -0.35** 

L2 -0.2 0.49** 0.15 L12 0.17 -0.19 -0.22 

L3 0.42 -0.76** -0.16 L13 2.8** -0.26 -0.47** 

L4 -1.2** 0.12 0.28* L14 -1.2** 0.18 0.22 

L5 0.3 -0.57** -0.35** L15 -3.08** 0.68** 0.97** 

L6 4.17** -0.69** -0.1 L16 2.17** -0.01 -0.28* 

L7 -0.58 0.49** 0.72** L17 -4.08** -0.13 0.22 

L8 3.05** -0.51** -0.41** L18 -1.83** 0.24 -0.1 

L9 0.42 0.31 -0.28* SE(d) 0.3 0.17 0.13 

L10 -0.2 0.24 -0.16 SE(gi-gj) 0.45 0.26 0.19 

Testers DM GLS TLB Testers DM GLS TLB 

T1 0.02 -0.23** -0.2** T4 -0.01 0.33** 0.24** 

T2 -0.03 -0.19* -0.08 SE(d) 0.13 0.07 0.06 

T3 0.02 0.09 0.03 SE(gi-gj) 0.21 0.12 0.09 

 

Regarding foliar disease reaction, the desirable negative and 

significant GCA effect was estimated from four (GLS) and 

five (TLB) inbred lines, and two (GLS) and one (TLB) 

tester. Minimum GCA effect value of -0.76 (L3) and -0.47 

(L13), and the maximum GCA effect value of 0.68 (L1) and 

0.72 (L7) was estimated for GLS and TLB, respectively. 

Good combining parents for GLS and TLB were important 

to develop disease tolerant maize variety in maize breeding 

program by contributing a gene governing foliar disease 

tolerance. Late maturing lines such as L5, L6, L8, T1 and 

T2 were among parents with good combiner for grain yield, 

harvesting index and foliar diseases tolerance. It is 

distinguished that such late maturing lines are resistant to 

disease reaction due to the availability of stay green gene. 

Odinga et al. (2015) [12] testified that late maturing maize 

inbred lines are usually resistant to disease reaction.  

Presently, it is recognized that none of the parents were 

found to be a good general combiner for all characters. 

However, L5, L6, L8, T1 and T2 were good combiner for 

many traits relatively and this in turn showed high 

frequency of desirable alleles in these parents. In line with 

this, (Karim et al., 2018; Alphonse et al., 2021) [9] found no 

parents with a good general combiner for all the characters 

studied in their study of combining ability and heterosis 

study in maize hybrids at different environments in 

Bangladesh. GCA effects were not displayed for some 

parents in this study either due to non-significant GCA 

effect, indicating the same tendency of identified traits or 

due to significant GCA effect towards undesirable direction. 

With this, undesirable and significant GCA effect was 

depicted by 9 (GY), 7 (DA), 6 (EPP, TKW, EH and DS), 5 

(PH, GLS and TLB), 4 (KRPE, KPR, HI, ASI and DM) 

inbred lines, and 2 (GY, EH and PH) and 1 (KRPE, KPR, 

HI, TKW and PH) tester (Table 3). 

 

3.2. Specific combining ability estimation 

The desirable positive and significant specific combining 

ability (SCA) effects were identified for grain yield (GY), 

ear per plant (EPP), kernel row per ear (KRPE), kernel per 

row (KPR), thousand kernel weight (TKW) and harvesting 

index (HI) as shown in table 2. Specific combining ability 

(SCA) effect varied from -2.24 (L9xT1) to 2.31 (L3xT1) for 

grain yield, -0.33 (L5xT3) to 0.44 (L11xT3) for ear per 

plant, -2.15 (L10xT4) to 1.74 (L10xT2) for kernels row per 

ear, -4.89 (L3xT3) to 6.15 (L7xT3) for Kernels per row, -

26.28 (L8XT2) to 33.73 (L3XT2) for thousand kernel 

weight, 10.94 (L13xT1) to 9.39 (L12xT1) for harvesting 

index (Table 4).  

A cross combination displaying the desirable positive and 

significant SCA effect for grain yield and positively yield 

enhancing traits such as ear per plant, kernel row per ear, 

kernel per row, thousand kernel weight and harvesting index 

manifested the tendency to enhance these traits. 

Contrarywise, cross combination which showed negative 

and significant SCA effect for grain yield and positively 

yield enhancing traits towards undesirable direction 

contribute to decrease the performance of respective traits.  

 
Table 4: Specific combining ability of test crosses 

 

Code GY EPP KRPE KPR TKW EH PH HI DA DS ASI 

L1 x T1 -0.26 -0.03 0.09 -0.34 8.29 12.78** 11.62* -1.79 0.81* 1.07** 0.42 

L1x T2 -0.49 -0.13 0.34 -0.42 0.06 1.58 -2.64 -0.68 -0.36 -0.54 -0.08 

L1 x T3 0.23 0.11 -0.54 -1.75 -13.1 -13.09** -4.89 -0.55 -0.33 -0.6 -0.19 

L1 x T4 0.52 0.06 0.11 2.51 4.75 -1.27 -4.09 3.02 -0.11 0.07 -0.16 

L2x T1 0.8** 0.18** 0.2 0.55 -4.84 9.2* 1.27 4.55 0.56 1.07** 0.55* 

L2 x T2 -1.24** 0.1 0.08 -3.4 -8.98 -10.18* -6.09 -0.96 -1.11** -1.04** 0.05 

L2 XxT3 0.53 -0.17* 0.35 -2 1.57 -2.38 1.44 -0.48 -0.08 -0.6 -0.56* 

L2 x T4 -0.09 -0.11 -0.63 4.85* 12.25 3.36 3.39 -3.11 0.64 0.57 -0.03 

L3 x T1 2.31** 0.16* 1.15* -0.85 -0.14 6.6 15.37** 8.12** -0.07 0.19 0.3 

L3 x T2 0.01 0.06 0.45 3.98* 33.73** 1.15 11.16* 7.53** 0.26 0.58 0.3 

L3 x T3 -0.73* -0.2** -0.71 -4.89* -15.28* -11.73** -12.37* -8.7** -0.21 0.03 0.19 

L3 x T4 -1.6** -0.03 -0.89 1.76 -18.32* 3.98 -14.16** -6.95** 0.01 -0.81* -0.78** 

L4 x T1 -0.82** -0.17* 1.40** 0.83 14.23* 1.5 0.03 1 1.43** 1.57** -0.45 

L4 x T2 0.67* 0.12 -1.83** 0.41 -4.94 -0.9 -1.95 5.94* 1.26** 1.46** 0.55* 

L4 x T3 -0.58* -0.14* 0.34 -0.96 5.99 -2.13 1 -9.57** -1.71** -2.6** -0.56* 

L4 x T4 0.73* 0.2** 0.1 -0.28 -15.29* 1.53 0.92 2.63 -0.99** -0.43 0.47 
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L5 x T1 1.72** 0.13 0.44 0.78 -8.96 1.44 2.47 4.92* -0.44 -0.31 0.17 

L5 x T2 1.38** 0.14* 1.54** 2.64 -0.59 8.98* 12.37* 5.5* 0.39 0.58 0.17 

L5x T3 -1.32** -0.33** -1.06* -4.59* 4.87 -8.85* -8.13 -4.11 -0.08 -0.47 -0.44 

L5 x T4 -1.78** 0.05 -0.93 1.17 4.69 -1.56 -6.7 -6.30* 0.14 0.19 0.09 

L6 x T1 -0.5 -0.21** -0.9 -1.74 5.64 -7.98 -4.27 -3.6 -1.44** -2.06** -0.58* 

L6 x T2 -1.21** -0.07 -0.84 -1.24 -19.96** -3.75 -3.25 -9.44** -0.61 -0.67 -0.08 

L6 x T3 0.64* 0.24** 0.25 0.84 0.72 11.01** 9.79 7.82** 1.42** 1.78** 0.31 

L6 x T4 1.06** 0.04 1.49** 2.14 13.59 0.72 -2.27 5.23* 0.64 0.94* 0.34 

L7 xT1 0.07 -0.03 -0.96* -1.91 -4.74 8.24* 10.51* 3.11 0.18 -0.31 -0.45 

L7 x T2 -0.90** -0.01 0.77 0.64 9.94 4.89 3.6 -9.17** -0.49 -0.42 0.05 

L7 x T3 0.65* -0.01 1.43** 6.15** 5.04 1.19 -5.84 4.02 -0.46 -0.47 -0.06 

L7 x T4 0.18 0.05 -1.24* -4.88* -10.24 -14.31** -8.27 2.05 0.76* 1.19** 0.47 

L8 x T1 0.63* 0.05 -0.34 -3.26 -16.41* -5.8 -10.27 1.8 -1.69** -2.18** -0.58* 

L8 x T2 -0.28 0.04 -0.9 -0.13 -26.28** -8.83* -10.46 0.3 -0.86* -0.79* -0.08 

L8 xT3 -1.14** -0.23** 0.08 1.48 22.23** 12.57** 10.60* -5.45* 1.17** 1.15** 0.31 

L8 x T4 0.79** 0.14* 1.16* 1.9 20.47** 2.06 10.13 3.35 1.39** 1.82** 0.34 

L9 x T1 -2.24** -0.1 -0.43 -1.01 2.56 0.31 -2.88 -4.33 -0.44 0.07 0.55* 

L9 x T2 1.73** 0.23** -0.64 3.53 8.32 3.81 7.14 5.39* 0.39 0.46 0.05 

L9 x T3 -0.41 -0.14* -0.19 0.19 9.58 -5.36 -4.16 -4.88 0.42 -0.1 -0.56* 

 

Positive and negative SCA effect for grain yield and 

positively yield enhancing traits has been reported by Ali et 

al. (2019) [2]; Woldu et al. (2020) [21]; Alphonse et al. (2021) 

in their separate study of combining ability in maize. 

Maximum grain yield SCA effects was displayed by L3xT1 

(2.31), L11xT3 (2.27), L10xT2 (2.02), L12xT1 (1.90), 

L17xT1 (1.78), L9xT2 (1.73) and L5xT1 (1.72) crosses 

(Table 4), pointing to good correspondence of mean 

performance with good specific combining ability to 

improve yield. Seyoum et al. (2016) [15] and Karim et al. 

(2018) [9] reported similar results in maize where grain yield 

means was correspondent with SCA effect in their study. 

Most crosses with positive SCA effect involved either one 

or both parents with positive and significant GCA effects for 

grain yield and positively yield enhancing traits. Odinga et 

al. (2015) [12] have reported that the line with high GCA 

produces crosses with high SCA for particular traits. 

Unlikely, some crosses showed positive and significant 

SCA effect for GY regardless of parental GCA effects as in 

the case for L9xT4, L13xT3, L15xT3, L15xT4 and L17xT4 

crosses for instance and probably it is attributed to genetic 

variation caused by non-additive gene. L3xT1, L5xT2, 

L8xT4 and L10xT2 were better cross combination than the 

rest for EPP because of the involvement of both parents 

with desirable positive and significant GCA effect (Table 3 

and 4). Similar results were reported by several authors 

demonstrating several cross combinations that exhibits the 

increasing and decreasing SCA effects for GY and related 

traits in their separate study of combining ability in maize 

(Ali et al., 2019; Woldu et al., 2020) [2, 21].  

The minimum SCA effect of -19.12 and -20.42 were 

determined from L16xT1 and the maximum SCA effect of 

17.12 and 14.73 were computed from L17xT4 for PH and 

EH, respectively. The undesirable positive and significant 

SCA effect was estimated from L1xT1, L5xT2, L7xT1, 

L8xT3, L12xT3, L14xT1 and L17xT4 crosses for PH and 

EH in similar pattern.  

 

Table 4: (Continued…) 
 

Code GY EPP KRPE KPR TKW EH PH HI DA DS ASI 

L9 x T4 0.93** 0.01 1.26** -2.71 -20.46** 1.24 -0.09 3.82 -0.36 -0.43 -0.03 

L10 xT1 -1.08** 0.07 0.59 -0.4 17.03* 0.2 -8.06 -6.45* -0.82* -1.06** -0.2 

L10 x T2 2.02** 0.18** 1.74** -2.2 8.4 2.77 8.7 6.78** 0.01 0.33 0.3 

L10 xT3 -0.81** -0.30** -0.19 -0.87 -5.26 -3.14 0.89 -2.1 0.04 0.28 0.19 

L10 x T4 -0.13 0.04 -2.15** 3.47 -20.18** 0.17 -1.54 1.77 0.76* 0.44 -0.28 

L11 xT1 -1.16** -0.02 0.65 -0.39 -8.46 -1.92 10.32 -4.79 -0.07 -0.43 -0.33 

L11 xT2 -1.04** -0.23** -0.8 -1.22 -2.59 4.58 -7.77 -4.07 -0.24 -0.54 -0.33 

L11 x T3 2.27** 0.44** 0.65 2.62 19.24** 5.73 7.37 8.22** 0.79* 1.4** 0.56* 

L11 x T4 -0.07 -0.20** -0.5 -1.01 -8.18 -8.39* -9.93 0.64 -0.49 -0.43 0.09 

L12 x T1 1.90** 0.21** 1.08* 2.22 -16.46* -10.19* -11.09* 9.39** 0.56 0.44 -0.08 

L12 xT2 -0.39 -0.08 -0.47 0.53 -10.42 -2.64 -5.56 -5.41* 0.39 -0.17 -0.58* 

L12 x T3 -0.1 -0.05 -0.89 0.49 6.32 12.33** 11.79* 3.38 -0.08 0.28 0.31 

L12 x T4 -1.41** -0.08 0.28 -3.24 20.56** 0.5 4.87 -7.36** -0.86* -0.56 0.34 

L13 xT1 -1.84** -0.15* -1.48** -0.31 -11.63 -12.72** 1.33 -10.94** 0.56 0.44 -0.08 

L13 x T2 0.77** 0.08 0.88 -0.84 15.40* 1.93 -11.64* 2.42 1.39** 1.83** 0.42 

L13 x T3 1.62** 0.33** 0.54 0.76 -3.11 7.81 10.87* 7.81** -0.58 -0.72 -0.19 

L13x T4 -0.55 -0.26** 0.06 0.39 -0.66 2.98 -0.56 0.72 -1.36** -1.56** -0.16 

L14 x T1 -0.81** -0.09 -0.76 -0.72 21.90** 12.41** 12.93* -5.45* -0.69* -0.81* -0.08 

L14 x T2 0.09 0.02 -0.4 -1.7 -8.18 3.32 5.66 2.5 0.64 0.08 -0.58* 

L14 x T3 -0.74* -0.03 0.66 2.37 -15.90* -9.06* -10.47* -3.65 0.17 0.53 0.31 

L14 x T4 1.45** 0.09 0.49 0.05 2.17 -6.67 -8.12 6.59** -0.11 0.19 0.34 

L15 x T1 -1.05** -0.22** -0.25 1.07 -10.28 1.32 -8.58 -6.46* -0.57 -1.06** -0.45 

L15 x T2 -0.99** -0.12 -0.24 0.06 10.77 -0.85 -0.38 -4.96* -0.74* -1.17** -0.45 

L15 x T3 0.76** 0.14* 0.44 0.5 6.99 7.19 4.14 7.77** 0.29 0.78* 0.44 
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L15 x T4 1.28** 0.19** 0.05 -1.63 -7.47 -7.66 4.82 3.65 1.01** 1.44** 0.47 

L16 x T1 -0.99** -0.08 -0.7 -1.61 -17.36* -20.42** -19.12** -4.38 0.43 0.19 -0.2 

L16 x T2 1.48** 0.13 0.09 0.65 24.67** 0.72 1.47 5.33* 0.76* 1.08** 0.3 

L16 xT3 -0.93** 0.05 -0.21 -0.22 -3.73 12.83** 7.1 0.63 -0.21 -0.47 -0.31 

L16 x T4 0.44 -0.1 0.82 1.18 -3.58 6.87 10.54* -1.57 -0.99** -0.81* 0.22 

L17 x T1 1.78** 0.17* -0.08 2.52 11.2 -2.78 -1.01 7.56** 0.93** 1.82** 0.92** 

L17 x T2 -0.76** -0.23** 0.14 0.9 -4.31 -7.42 -0.85 -0.83 -1.24** -1.79** -0.58* 

L17 x T3 -0.09 0.1 -0.5 0.52 -5.03 -4.53 -15.26** -2.49 -0.21 0.15 0.31 

L17 xT4 -0.93** -0.04 0.43 -3.94* -1.85 14.73** 17.12** -4.24 0.51 -0.18 -0.66* 

L18 x T1 1.54** 0.12 0.31 4.56* 18.43* 7.81 -0.57 7.77** 0.81* 1.32** 0.55* 

L18 xT2 -0.85** -0.25** 0.09 -2.18 -25.04** 0.85 0.51 -6.17* 0.14 0.71 0.55* 

L18 x T3 0.11 0.18* -0.47 -0.65 -21.15** -10.38* -3.87 2.33 -0.33 -0.35 -0.06 

L18 x T4 -0.801** -0.05 0.06 -1.73 27.75** 1.72 3.94 -3.93 -0.61 -1.68** -1.03** 

SE(d) 0.28 0.07 0.47 1.87 7 4.02 5.25 2.46 0.34 0.38 0.26 

SE(gi-gj) 0.48 0.13 0.8 3.47 11.79 6.52 9.12 5.11 0.59 0.66 0.45 

 

In contrast, the desirable negative and significant SCA 

effect was revealed from L3xT3, L12xT1, L14xT3 and 

L16xT1 crosses for PH and EH in common. Though the 

significant mean of square observed among parents for EH 

and PH, most of the crosses revealed non-significant SCA 

effect for these traits. Such performance could be justified 

with the maximum value of parental contribution (70.26% 

and 69.50%) for PH and EH, respectively (Table 2), 

indicating predominance of additive gene action. The study 

was in accordance with Karim et al. (2018) [9], Woldu et al., 

2020 [21], Alphonse et al. (2021), who reported the 

increasing and decreasing SCA effects for plant statue; plant 

height and ear placement in their separate study of 

combining ability in maize. SCA effect ranged from -1.71 

(L4xT3) to 1.43(L4xT1) for days to anthesis, 2.60 (L4xT3) 

to 1.83 (L13xT2) for days to silking, -1.03 (L18xT4) to 0.92 

(L17xT1) for anthesis silking interval, -6.20 (L4xT3) to 4.16 

(L16xT2) for days to maturity. On the other hands, the 

desirable negative and significant SCA effect was computed 

from 13 (DA), 14 (DS), 11 (ASI) and 14 (DM) crosses 

(Table 4). Cross combination which was good specific 

combiner for phenological traits displayed the tendency to 

reduce duration of phonological traits; days to anthesis, days 

to silking, anthesis silking interval and days to maturity 

towards the desirable direction. Unlikely, the cross 

combination with positive and significant SCA effect for 

phenological traits contribute to develop late maturing 

hybrids which were undesirable in areas with the erratic 

rainfall. A similar reports of a cross combination with 

phenological traits towards the desired and undesirable 

direction in their separate study of combining ability in 

maize was conveyed (Kargbo et al., 2019; Woldu et al., 

2020; Alphonse et al., 2021) [8, 21, ].  

 
Table 4: (Continued) 

 

Code DM GLS TLB Code DM GLS TLB Code DM GLS TLB 

L1 x T1 -0.27 -0.21 -0.05 L7 x T2 -0.09 0.19 0.20 L13 x T3 -0.52 -0.09 0.03 

L1x T2 -0.22 -0.50 -0.42 L7 x T3 0.85 0.41 -0.16 L13x T4 -0.49 0.17 -0.43 

L1 x T3 0.73 0.47 -0.03 L7 x T4 0.38 -0.08 0.38 L14 x T1 -0.52 -0.71* 0.08 

L1 x T4 -0.24 0.24 0.51* L8 x T1 -1.77** 0.73* 0.20 L14 x T2 0.03 -0.25 -0.30 

L2x T1 1.48** -1.02** -0.61** L8 x T2 0.28 -0.06 -0.17 L14 x T3 0.48 0.22 -0.66** 

L2 x T2 -1.47** 0.94** 0.01 L8 xT3 0.23 -0.09 -0.03 L14 x T4 0.01 0.74* 0.88** 

L2 XxT3 -0.52 0.41 -0.10 L8 x T4 1.26* -0.58 0.01 L15 x T1 1.35* 0.04 0.33 

L2 x T4 0.51 -0.33 0.69** L9 x T1 -0.15 -0.08 0.33 L15 x T2 -3.09** 0.25 -0.30 

L3 x T1 -0.65 -0.02 0.20 L9 x T2 2.41** -0.38 -0.05 L15 x T3 1.35* 0.47 0.09 

L3 x T2 -0.09 0.19 0.08 L9 x T3 -0.15 -0.15 0.09 L15 x T4 0.38 -0.76* -0.12 

L3 x T3 -0.15 0.16 0.22 L9 x T4 -2.12** 0.61* -0.37 L16 x T1 -0.90 0.48 0.08 

L3 x T4 0.88 -0.33 -0.49* L10 xT1 -1.52** 0.73* 0.20 L16 x T2 4.16** 0.19 0.20 

L4 x T1 2.48** -0.40 0.01 L10 x T2 0.53 -0.81** 0.08 L16 xT3 -0.90 0.16 0.09 

L4 x T2 3.03** -0.44 -0.36 L10 xT3 0.48 -0.59 -0.03 L16 x T4 -2.37** -0.83** -0.37 

L4 x T3 -6.52** 0.03 0.03 L10 x T4 0.51 0.67* -0.24 L17 x T1 3.35** 0.10 -0.67** 

L4 x T4 1.01 0.80* 0.32 L11 xT1 -1.02 -0.21 -0.11 L17 x T2 -3.09** 0.06 -0.05 

L5 x T1 -0.02 0.04 0.14 L11 xT2 0.03 0.00 0.26 L17 x T3 -0.65 0.03 0.09 

L5 x T2 0.03 0.00 0.01 L11 x T3 1.98** -0.28 -0.10 L17 xT4 0.38 -0.20 0.63** 

L5x T3 -1.02 -0.28 0.15 L11 x T4 -0.99 0.49 -0.06 L18 x T1 4.10** -0.02 -0.11 

L5 x T4 1.01 0.24 -0.31 L12 x T1 1.10* 0.17 0.01 L18 xT2 -1.84** 0.69* 0.51* 

L6 x T1 -4.4** 0.67* -0.11 L12 xT2 -1.34* 0.38 0.39 L18 x T3 0.10 -0.09 0.15 

L6 x T2 -1.84** -0.13 0.01 L12 x T3 1.10* -0.65* 0.03 L18 x T4 -2.37** -0.58 -0.56* 

L6 x T3 3.1** -0.15 0.15 L12 x T4 -0.87 0.11 -0.43 SE(d) 0.52 0.30 0.23 

L6 x T4 3.13** -0.39 -0.06 L13 xT1 -1.52** 0.23 0.51* SE(gi-gj) 0.91 0.51 0.38 

L7 xT1 -1.15* -0.52 -0.42 L13 x T2 2.53** -0.31 -0.11 
    

 

In the same way, SCA effect varied from -1.01 (L2xT1) to 

0.94 (L2xT2) for GLS and ranged from -0.67 (L17xT1) to 

0.88 (L14xT4) for TLB. Significant SCA effect towards the 

desirable direction was obtained from 6 and 5 cross 

combinations for GLS and TLB, respectively (Table 4). The 

good specific combiner cross combination for gray leaf spot 

and tarcicum leaf blight were important to develop a hybrid 

maize variety which tolerate these foliar diseases. 

http://www.foodresearchjournal.com/


Journal of Current Research in Food Science  www.foodresearchjournal.com 

~ 64 ~ 

Cross combination presented in table 4 manifested the 

desirable and significant specific combining ability for 

respective traits. With this, desirable positive and significant 

SCA effects were computed from 24 (GY), 15 (EPP), 9 

(KRPE), 4 (KPE), 12 (TKW) and 17 (HI) crosses (Table 4) 

whereas the desirable negative and significant SCA effect 

was estimated from 11 and 7 crosses for ear height and plant 

height, respectively (Table 4). 

This study identified several crosses; for instance, 27 (grain 

yield), 16 (ear per plant and days to silking), 14 (harvesting 

index), 13 (thousand kernel weight, days to anthesis and 

days to maturity), 11 (plant height), 10 (ear height), 8 

(anthesis silking interval and gray leaf spot), 6 (tarcicum 

leaf blight), 5 (kernel row per ear) and 4 (kernel per row) 

which had significant SCA effect towards undesirable 

direction. For negatively yield enhancing traits; 

phenological traits, plant statues and foliar disease reaction, 

several crosses showed significant SCA effect towards 

undesirable direction and such crosses inversely affected 

grain yield and positively yield enhancing traits such as 

EPP, KRPE, KPR, TKW and HI (Table 4). Furthermore, 

none of the crosses attained significant SCA effect towards 

the desirable direction for all traits and yet, L5xT2 and 

L10xT2 revealed significant SCA effect for several traits. 

This study was in correspondence with Karim et al., 2018 
[9]; Alphonse et al., 2021, who found also no cross 

combination exhibiting any clear consistent significant SCA 

effect pattern for all traits in their study. 

 

4. Conclusions 

Present study was effective in discriminating tested 

materials; lines, testers and their cross combination. Based 

on analysis of variance, mean square due to GCA and SCA 

displayed a highly significant effect for grain yield and most 

of the yield-related traits suggesting the existence of a 

genetic variability among tested parents and F1 hybrids, 

which could be exploited. The proportional contribution of 

lines, testers, and L×T interaction sum squares to the total 

variation showed the importance of additive and non-

additive gene for the inheritance of respective traits. L3, L5, 

L6, L8, L11, and T1 and T2 revealed a positive and 

significant GCA effect for GY, which is desirable. Positive 

and highly significant GCA effects were depicted by L5, L6, 

L8, L10, L11, and L13 inbred lines and T1, T2, and T4 

testers for grain yield and most yield-enhancing traits such 

as EPP, KPR, KRPE and HI. The desirable negative and 

significant GCA effects were depicted by L1, L2, L4, L7, 

L10, L14, L15, L17 and L18 inbred lines for phonological 

traits, indicating their tendency to reduce phenological traits 

thereby to develop earlier variety. Desirable negative and 

significant plant statue was displayed by L1, L7, L14, L15, 

L17, and T3 for ear height and L14, L15, and L17, T3, and 

T4 for plant height, illustrating their importance to develop 

a shorter variety. 

The maximum and desirable specific combining ability 

effects were estimated from L3xT1, L11xT3, L10xT2 

L12xT1, L17xT1, L9xT2, and L5xT1 crosses for grain yield 

and most of yield enhancing traits. Therefore, they were 

selected based on their better SCA which could be used to 

develop high yielding hybrid maize variety.  
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