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ABSTRACT 
 

Identification of parental inbred lines that can be used for breeding superior hybrids is the most costly and time 

consuming phase in maize hybrid development. Line × tester mating design provides reliable information on the general 

and specific combining ability effects of parents and their hybrid combinations. Improvement of maize production and 

productivity can be realized by identifying elite parent materials which can be used in the formation of high yielding 

varieties. Therefore, the objective of this study was to determine the combining ability of 24 maize inbred lines for grain 

yield and other agronomic traits and identify parents in forming superior hybrid combinations for highland areas of the 

country. Twenty four maize inbred lines were crossed in line x tester mating design during the main season of 2013 at 

Ambo Agricultural Research Center. Analysis of variance showed that the two gene effects; additive and non-additive 

were most involved in the control of traits. However, the proportion of GCA sum of squares was higher than that of 

SCA for all traits. This indicated the higher contribution of additive gene effects to genetic variability of the traits than 

the non-additive genetic variance in the crosses for all traits except TLB and CLR. Mean squares due to GCA of lines, 

GCA of testers and SCA of line x tester were significant (P<0.01) for grain yield. Additive and non-additive gene actions 

are important in governing yield which is confirmed by the presence of highly significant GCA and SCA mean squares. 

The existance of negative significant (P<0.01) GCA effect for Anthesis date indicated the desirability of lines (L6, L8, 

L11, L12 and L14) for early maturity. Greater number of lines are best general combiners for grain yield among studied 

traits which showed significant (P<0.0 or p<0.05) estimates of GCA effect. These inbred lines are desirable parents for 

hybrid development as well as for inclusion in the breeding programs, as the lines contribute favorable alleles in the 

synthesis of new varieties. Crosses L1xT1, L3xT1, and L7xT2 revealed positive and significant SCA effects for grain 

yield indicating these crosses were good specific combinations for grain yield. 
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INTRODUCTION 

 

Maize (Zea mays L. 2n=20) is crucial cereal crop of 

the world, belonging to the tribe Maydeae of the grass 

family poaceae. It is a vital crop in view of its widespread 

usage as food and non-food items. Maize can be grown 

over a diverse geographical environment compared with 

other crops. Maize also occupies an important position in 

world economy and trades as a food, feed and industrial 

grain crop (Vasal, 2000). Apart from manufacturing of 

mixed feed, maize is a row material to produce corn starch, 

corn oil and corn syrups (Troyer, 2004; Selvi et al.,2013). 

Moreover, it is the first most-produced cereal followed by 

wheat and rice, but in terms of dietary intake, it is third after 

rice and wheat (FAOSTAT, 2018).  

The main aim of maize breeding is to develop new 

inbred lines and hybrids that will outperform the existing 

hybrids with respect to a number of characteristics. For 

attaining this purpose, particular attention is paid to grain 

yield as the most economically important trait in maize 

(Vasic et al., 2001). Yield is a complex quantitative trait 

which is affected by a number of its components 

(Zivanovic et al., 2007; Bovanski et al., 2009). Moreover, 

advances in maize genomics, breeding and production have 

important role on the lives of a large proportion of the 

world’s population (Xu and Crouch, 2008). 

 

 

Cite This Article as: Terefe W, A Teklewold and K Tesfaye, 2019. Combining ability of selected maize (Zea mays) inbred 

lines adapted to highland agro-ecologies of Ethiopia. Inter J Agri Biosci, 8(2): 99-105. www.ijagbio.com (©2019 IJAB. 

All rights reserved) 



Inter J Agri Biosci, 2019, 8(2): 99-105. 
 

 100 

Identification of parental inbred lines that can be used 
for breeding superior hybrids is the most costly and time 
consuming phase in maize hybrid development (Betran et 
al., 2003) however, to reduce cost and increase breeding 
efficiency researchers have been seeking ways and means 
to identify parental combination with increased yield 
before making extensive crosses. 

Combining ability of an inbred line refers to its ability 
to produce superior hybrids, in combination with other 
inbred lines. It is the vital factor determining future 
usefulness of the lines for hybrid development (Hallauer and 
Miranda, 1988). Generally, heterosis and combining ability 
is prerequisite for developing a good economically viable 
hybrid maize variety Krivanek et al., (2007). Using the 
concept of combining ability, genetic variance is partitioned 
into two components: variance due to GCA and variance due 
to SCA (Hallauer and Miranda, 1988; Sughroue and 
Hallauer, 1997). Line × tester mating design developed by 
Kempthorne (1957), provides reliable information on the 
general and specific combining ability effects of parents and 
their hybrid combinations. General combining ability (GCA) 
is to distinguish between the average performances of 
parents in cross combinations and specific combining ability 
(SCA) is the deviation of individual crosses from the average 
performance of the parents involved (Sprague and Tatum 
1942). General combining ability GCA is associated with 
additive genetic effects, while SCA is related to non-additive 
(dominance, epistatic and genotype x environment 
interaction) effects (Falconer, 1989). Combining ability 
effect is an indicator of the relative value of the population 
in terms of frequency of favourable genes and of its 
divergence, as compared to the other parents included in the 
analysis (Viana and Matta, 2003; Lee et al., 2005) reported 
that although both additive and non-additive genetic effects 
influence grain yield in inbred line crosses, 74% of the total 
genetic variance is attributed to the additive genetic 
component.  

The choice of the most effective breeding scheme and 
the rate of the genetic improvement are dependent upon the 
relative magnitude of various gene effects (Dhillon and 
Pollmer, 1978). The broad genetic diversity nature in maize 
makes it possible to grow over a wide range of 
environments including sub-Saharan African countries 
from lowlands to highland agro-ecologies (Byerlee and 
Eicher, 1997). Highland maize production in Ethiopia is 
estimated to cover 20% of the total land allotted to maize 
production out of which 30% of small-scale farmers 
depend on it for their livings. However, breeding efforts to 
develop high yielding improved maize varieties for 
highland areas (altitude = 1700-2400m) has been recently 
launched. Low yielder, local varieties susceptible to foliar 
diseases and are tall in plant and ear height that may result 
in to root and stem lodging and longer maturity date are the 
major constraints to the region. Improvement of maize 
production and productivity can be realized by identifying 
elite parent materials which can be used in the formation of 
high yielding varieties. Therefore, the objective of this 
study was to determine the combining ability of 24 maize 
inbred lines for grain yield and other agronomic traits and 
identify parents in forming superior hybrid combinations 
for highland areas of the country. 

 

MATERIALS AND METHODS 
 

Germplasm used 

Twenty four maize inbred lines were crossed in line x 
tester mating design during the main season of 2013 at 
Ambo Agricultural Research Center (AARC). The parental 
lines were crossed with two testers (CML 144 and CML 
159) at AARC breeding nursery. The resulted test crosses 
comprised of 48 F1 hybrids and two standard check 
varieties were used for this study. The pedigree information 
and genetic background of the inbred lines and the testers 
are indicated in Table 1. 

 

Table 1: List of lines used to generate the single cross hybrids using line x tester mating design 

Code Name Pedigree of the inbred lines 

L1 AMH750-1 TUXCML159 BC2F41-3-7-B-#-# 
L2 AMH750-2 TUXCML159 BC2F36-2-2-B-#-# 
L3 AMH750-3 TUXCML159 BC2F36-2-3-B-#-# 
L4 AMH750-4 TUXCML159 BC2F18-5-7-B-#-# 
L5 AMH750-5 SADVLACML176 BC2F6-8-3-B-#-# 
L6 AMH750-6 SADVLACML176 BC2F6-8-6-B-#-# 
L7 AMH750-7 SADVLACML176 BC2F6-8-11-B-#-# 
L8 AMH750-8 SADVLACML176 BC2F56-1-1-B-#-# 
L9 AMH750-9 SADVLACML176 BC2F51-1-3-B-#-# 
L10 AMH750-10 SADVLACML176 BC2F51-1-9-B-#-# 
L11 AMH750-11 SADVLACML176 BC2F16-4-5-B-#-# 
L12 AMH750-12 SADVLACML154 BC2F7-1-1-B-#-# 
L13 AMH750-13 SADVLA/CML154 BC2F54-4-1-B-# 
L14 AMH750-14 SADVLACML154 BC2F37-3-5-B-#-# 
L15 AMH750-15 P502 SRCML 384X176…..98-2-1-2 BC2F6-2-4-B-#-# 
L16 AMH750-16 P502 SRCML 384X176…..98-2-1-2 BC2F4-1-3-B-#-# 
L17 AMH750-17 P502 SRCML 384X176…..98-2-1-2 BC2F30-1-6-B-#-# 
L18 AMH750-18 P502 SRCML 384X176…..98-2-1-2 BC2F30-2-2-B-#-# 
L19 AMH750-19 P502 SRCML 384X176…..135-2-2-2 BC2F30-4-2-B-#-# 
L20 AMH750-20 P502 SRCML 384X176…..135-2-2-2 BC2F30-4-4-B-#-# 
L21 AMH750-21 P502 SRCML 384X176…..135-2-2-2 BC2F30-4-9-B-#-# 
L22 AMH750-22 P502 SRCML 384X176…..135-2-2-2 BC2F21-3-4-B-#-# 
L23 AMH750-23 P502 SRCML 384X176…..135-2-2-2 BC2F20-1-4-B-#-# 
L24 AMH750-24 P502 SRCML 384X176…..135-2-2-2 BC2F2-1-1-B-#-# 
T1 AMH750-25 CML144 
T2 AMH750-26 CML159 

L=lines and T=tester. 
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Experimental design and field management 

The experimental design used was alpha lattice 12x4 

with two replications (Patterson and Williams 1976) at 

three locations during 2014 main season namely; Ambo, 

Holeta and Kulumsa Agricultural Research Centers under 

rain fed condition. Each entry was sown in one row having 

0.75 x 0.25m crop geometry with plot size of 5.25m 

length.Two seeds were planted per hill to ensure uniform 

and enough stand and then thinning was performed at the 

three to five leaf stages to attain a final plant density of 

53,000 plants per hectare.As recommended by Ambo 

agricultural research center ( AARC),100 kg DAP ha-1 and 

75 kg Urea ha-1 applied at planting and additional 75 kg N 

per hectare side dressed at 45 days after planting. Urea and 

dominium phosphate (DAP) used as sources of N and 

P2O5, respectively. Other crop management practices such 

as land preparation three times before sowing, weeding 

once per month and slashing in 15 days interval was 

applied following research recommendations for the sites. 

Data for all parameters were recorded on a per plot 

basis at each testing locations. Grain yield (GY) (t ha-1) 

was computed from unshelled cobs by taking 0.8 shelling 

percent and adjusting it to 12.5% moisture. Time to 

anthesisdate (AD) was recorded as number of days from 

planting to 50% pollen shade. Plant height (PH) (cm) was 

taken from soil surface to the point where tassel branching 

begin emerging. Ear height (EH) was measured from the 

node bearing the upper most ear to the point where tassel 

branch began. Turcicum leaf blight (TLB) and common 

leaf rust (CLR) data were assessed as visual scoring of the 

disease symptoms in scale of 1 (no infestation) to 5 

(severely infested) 

 

Statistical analysis 

Analysis of variance was conducted for all the traits 

measured using SAS statistical package version 9.1.3 

(SAS, 2004). Line x tester analyses of variance was 

performed to estimate general combining ability (GCA) 

and specific combining ability (SCA). During the data 

analysis, entries were used as fixed factor while location, 

replication and incomplete blocks within replication were 

considered as random factors. Entry means adjusted for 

block effects that generated from individual location 

analysis according to lattice design (Cochran and Cox, 

1957) were used to perform the combined analysis. Traits 

that showed significant differences among crosses, further 

analysis was done according to the ‘line x tester’ analysis 

to partition the mean square due to crosses into lines, tester 

and line by tester effects (Singh and Chaudary, 2005) for 

individual location and combined across locations.The 

mean squares of crosses and location were tested against 

the mean squares of their corresponding interaction with 

location as error term while their interaction with location 

were tested against their corresponding pooled error. 

 

RESULTS AND DISCUSSION 

 

Combining ability across locations 

Combined analysis of variance over three locations 

made following the Line x Tester mating design is showed 

in Table 2. Mean squares due to crosses were partitioned in 

to line, tester and line x tester. Analysis of variance showed 

that the two gene effects; additive and non-additive were 

most involved in the control of traits. However, the 

proportion of GCA sum of squares was higher than that of 

SCA for all traits. This indicated the higher contribution of 

additive gene effects to genetic variability of the traits than 

the non-additive genetic variance in the crosses for all traits 

except TLB and CLR. The mean squares due to GCA of 

line, GCA of tester and SCA of line x tester were 

significant (P<0.01) for grain yield (GY), ear aspect (EA) 

and plant height (PH). The interaction between crosses and 

location was significant for grain yield (P<0.01) and ear 

aspect (P<0.05) whereas non-significant for the rest of the 

traits studied. Testing site effect was significant for all traits 

at (P<0.01) indicating the variation in performance of 

hybrids along the three testing environments. Mean squares 

due to GCA of both lines and testers were significant 

(P<0.01 or P<0.05) for all the traits except ASI in both lines 

and testers, CLR for testers and TLB for lines. The 

interaction between Line x location was highly significant 

for traits (AD, EH, GY, TLB, EA and PA) where as the 

interaction between Tester x location was highly 

significant only for few traits (GY, EA and EPP). The 

interaction due to mean squares for line x tester x location 

(SCA x L) was significant (P<0.01, P<0.05) for GY and 

EA respectively. 

Mean squares due to GCA of lines, GCA of testers and 

SCA of line x tester were highly significant (P<0.01) for 

grain yield (GY). Additive and non-additive gene actions 

are important in governing grain yield which is confirmed 

by the presence of highly significant GCA and SCA mean 

squares (Table 2). Similarly, Dagne et al., (2007), Legesse 

et al., (2009) and Demissew et al. (2011) reported the 

importance of both additive and non-additive gene action 

in governing grain yield in maize. On the contrary, Asefa 

et al., (2008) found non-significant GCA effects for grain 

yield in a line x tester study of transition highland inbred 

lines while Pswarayi and Vivek (2008) reported significant 

GCA and non-significant SCA mean squares for grain yield 

in diallel analysis among CIMMYT's early maturing maize 

germplasm. Tamirat et al., (2014) reported that the 

significant of GCA mean squares for grain yield and non- 

significant SCA for all traits studied. 

Mean squares due to GCA of lines and tester and 

SCA of line x tester of PH showed highly significant 

differences (P<0.01) indicating the importance of both 

additive and non-additive gene effects for the trait. The 

highly significant (P<0.01) GCA observed in PH of the 

present study is in accordance with the findings of Dagne 

et al., (2007), Amiruzzaman et al., (2010), Girma (2015) 

et al., and, Amare et al., (2016). Mean squares due to 

GCA of lines and testers were showed significant 

difference for EH (P<0.01 and P<0.05) respectively 

however, SCA of line x tester did not showed significant 

difference among the genotypes for the trait. This implies 

that additive gene effect is more important in controlling 

the trait (EH). Similar results were found by Girma et al., 

(2015) who obtained significant difference (P<0.01, 

P<0.05) mean squares due to lines GCA and GCA of 

testers respectively for EH however, mean squares due to 

SCA of line x tester showed non-significant for the trait.  
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Table 2: Combined Analysis of variance and proportional contribution of GCA and SCA for tenagronomic traits in 48 highland hybrids 
evaluated at AARC, HARC, KARC 

Source of variation DF AD ASI EH PH GY TLB CLR EA PA EPP 

Replication 1 60.5** 4.50 1.68** 300.13 7.10* 3.56** 0.02 0.00 0.15 0.09 
Location 2 0.076** 48.30** 18240.38** 43508.09** 162.97** 56.66** 11.04** 0.16** 3.76** 0.86** 
Line (GCA) 23 45.99** 3.95 517.53** 724.05** 8.80** 0.82 0.17 0.65** 0.72** 0.17** 
Tester (GCA) 1 227.56** 0.35 3472.22* 4983.35** 83.55** 2.92* 0.06 1.76** 0.20** 11.57** 
Location x Line 46 11.70** 3.43 165.02** 194.68 3.29** 1.02** 0.22 0.24** 0.27** 0.09 
Location x Tester 2 0.85 6.82 491.40 147.36 8.11** 0.74 0.23 0.49** 1.41 0.35** 
Line x Tester (SCA) 23 4.15 1.88 126.35 251.06** 4.45** 0.05 0.07 0.36** 0.18 0.05 
Line x Tester x 
Location 46 9.00 3.50 86.37 202.69 2.59** 0.10 0.12 0.15* 0.17 0.05 
Pooled error 143 6.52 3.72 114.14 165.46 1.57 0.55 0.19 0.10 0.13 0.07 
% GCA (Line)  16.56 63.91 12.57 12.15 9.09 21.64 56.67 23.47 65.45 1.44 
% GCA (Tester)  81.94 5.66 84.36 83.63 86.31 77.04 20 63.54 18.18 98.13 
% SCA  1.49 30.42 3.07 4.21 4.60 1.32 23.33 12.99 16.36 0.42 

*=significant at 0.05 probability level **=significant at 0.01 probability level DA=50% Tasseling days, ASI=anthesis silking interval, 

EH=Ear height, PH=Plant height, GY=Grain yield tones per hectare, TLB=Turcicum leaf blight, CLR= common leaf rust, EA=Ear 
aspect, PA=plant aspect, EPP= ear per plant. 
 
Table 3: General combining ability effects of 24 maize in bred lines tested at three locations 

Lines AD ASI EH PH EPP GY TLB CLR PA EA 

1 0.58 0.89 6.16 5.85 0.21** 0.99** 0.49** 0.06 -0.24** 0.12** 
2 -1.00 -1.03 -1.26 -0.32 0.03 -0.05 0.07 0.06 0.05 -0.13** 
3 1.25 -0.28 2.83 -0.65 0.01 -0.43** 0.28** 0.04 0.05 -0.05 
4 0.33 -0.28 5.83 -1.32 0.04 0.06 0.40** 0.12** 0.01 -0.09* 
5 0.42 -0.03 1.41 -4.49 -0.12 0.27 -0.14** -0.11** -0.04 -0.21** 
6 -3.25** -0.53 -4.17 -8.57* 0.00 0.71** -0.01 -0.05 -0.29** 0.08 
7 -1.83 -0.11 1.74 6.85 0.11 0.85** 0.53** -0.07* 0.17* -0.05 
8 -2.33* -0.44 -5.34 -3.15 0.08 0.35* -0.22** 0.18** 0.01 0.20** 
9 0.17 0.22 2.33 11.26** -0.08 -1.23** -0.22** 0.06 0.05 0.16** 
10 1.92 -0.11 -1.42 4.26 -0.11 -0.83** -0.10 0.14** 0.46** 0.16** 
11 -4.00** 0.72 -2.51 -1.07 -0.16* -0.73** -0.22** 0.16** 0.05 -0.30** 
12 -2.08* -0.03 4.49 -0.90 -0.18* -0.31 0.11* 0.06 -0.04 -0.51** 
13 1.08 -0.03 0.41 -0.74 -0.08 -0.52** -0.10 0.10 -0.08 0.20** 
14 -2.58* -0.03 -7.59 -8.40* -0.05 -1.47** -0.31** 0.06 0.34** 0.37** 
15 -1.83 -1.44** -3.67* -3.74 0.06 -0.53** -0.14 -0.19** 0.21** 0.24** 
16 -0.67 -0.36 -14.42 -19.15** -0.09 -1.23** -0.35** -0.15** 0.59** 0.29** 
17 3.17** 0.31 9.66** 17.68** 0.11 1.97** -0.26** -0.09 -0.54** -0.30** 
18 0.83 0.56 -2.42 -0.57 0.16* 1.30** -0.18** -0.19** -0.20** -0.05 
19 1.50 0.14 -0.42 -6.82 0.03 -0.40* -0.26** -0.09 -0.12 0.08 
20 0.33 1.14* -5.17 -6.82 -0.02 0.42* -0.06 0.10 -0.12 -0.09* 
21 1.58 -0.03 -4.84 -1.90 0.02 -0.14 0.32** 0.06 -0.04 0.20** 
22 1.92 0.72 2.91 7.01 -0.08 -0.29 -0.01 -0.23** 0.13 0.24** 
23 2.75** 0.14 19.33** 11.01** 0.28** 0.18 0.32** 0.00 -0.12 -0.21** 
24 1.75 -0.11 -3.84 4.68 -0.17* 1.07** 0.07 -0.03 -0.29** -0.38** 
SE(Lines) 0.97 0.52 3.63 3.94 0.08 0.51 0.29 0.13 0.15 0.14 
T1 0.89 0.03 3.47** 4.16** 0.20** 0.54** 0.10 0.02 -0.03 -0.08 
T2 -0.89 0.03 -3.47** -4.16** -0.20** -0.54** -0.10 -0.02 0.03 0.08 
SE(Tester) 0.68 0.15 1.31 0.72 0.03 0.17 0.05 0.03 0.07 0.04 

*=significant at 0.05 probability level **=significant at 0.01 probability level AD=50% Tasseling days, ASI=anthesis silking interval, 
EH=Ear height, PH=Plant height, EPP= ear per plant, GY=Grain yield tones per hectare, TLB=Turcicum leaf blight, CLR= common 
leaf rust, PA=plant aspect, EA=Ear aspect 

 
For number of days to anthesis mean squares due to line 

GCA and tester GCA were highly significant(P<0.01) 
however, SCA of line x tester showed non-significant for this 
trait. In line with this finding, Gudeta et al., (2007) reported 
significant GCA effects due to testers at Ambo. The greater 
effect of GCA mean of squares over SCA mean squares for 
this traits indicates the comparative importance of additive 
gene action to non-additive gene action for AD. Similar to 
this study, Ahmed et al., (2003), Legesse et al., (2009) and 
Amare et al., (2016) reported the predominance role of 
additive gene action in inheritance of days to anthesis. 

Mean squares due to line GCA and tester GCA and SCA 
were highly significant (p<0.01) for both plant and ear aspect 
while, SCA mean square was not significant for plant aspect. 
In the current study importance of additive gene effect and 

non-additive gene effect in controlling the inheritance of EA 
was observed whereas only additive gene action was 
revealed in PA. Both line and tester GCA mean squares were 
greater than the values of their interaction mean squares with 
environment for most of the studied traits showing that the 
main effect was important than their interaction effects 
(Dagne, 2008). Lines and testers were significantly different 
from the crosses in their characteristics as it was reported by 
El-Gazzar and Khalil (2012). This suggests that effective 
selection or systematic hybridization could be employed in 
improving these traits as it was suggested by Dagne (2008). 
These inbred lines are desirable parents for hybrid 
development as well as for inclusion in the breeding 
programs, as the lines may contribute favorable alleles in the 
synthesis of new varieties.
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Table 4: Specific Combining Ability effects of 48 crosses tested at three locations 

Entry Crosses AD ASI EH PH EPP GY TLB CLR PA EA 

1 L1xT1 -0.39 0.04 4.86 4.09 0.04 1.19** -0.02 -0.16 -0.10 -0.09 

2 L1XT2 0.39 -0.04 -4.86 -4.09 -0.04 -1.19** 0.02 0.16 0.10 0.09 

3 L2XT1 -0.47 0.29 3.11 6.76 -0.02 0.05 0.07 0.05 -0.06 -0.17 

4 L2XT2 0.47 -0.29 -3.11 -6.76 0.02 -0.05 -0.07 -0.05 0.06 0.17 

5 L3XT1 -0.22 -0.13 7.53** 5.92 -0.09 1.52** 0.02 0.03 -0.31** -0.42** 

6 L3XT2 0.22 0.13 -7.53** -5.92 0.09 -1.52** -0.02 -0.03 0.31** 0.42** 

7 L4XT1 -0.97 0.20 -1.64 3.26 0.02 0.52 0.07 0.07 -0.10 -0.30** 

8 L4XT2 0.97 -0.20 1.64 -3.26 -0.02 -0.52 -0.07 -0.07 0.10 0.30** 

9 L5XT1 -0.22 0.12 -2.56 -5.08 -0.03 0.24 -0.06 -0.16 0.11 0.24* 

10 L5XT2 0.22 -0.12 2.56 5.08 0.03 -0.24 0.06 0.16 -0.11 -0.24* 

11 L6XT1 0.28 -0.72 0.86 0.67 -0.04 -0.84 0.07 0.07 0.11 0.20 

12 L6XT2 -0.28 0.72 -0.86 -0.67 0.04 0.84 -0.07 -0.07 -0.11 -0.20 

13 L7XT1 0.69 -0.97 -2.72 -2.91 -0.04 -0.99* -0.06 0.05 -0.02 0.08 

14 L7XT2 -0.69 0.97 2.72 2.91 0.04 0.99* 0.06 -0.05 0.02 -0.08 

15 L8XT1 0.53 0.20 -3.31 -4.24 -0.01 -0.81 -0.06 0.01 0.07 0.08 

16 L8XT2 -0.53 -0.20 3.31 4.24 0.01 0.81 0.06 -0.01 -0.07 -0.08 

17 L9XT1 0.19 -0.30 -2.64 -1.99 -0.03 -0.16 -0.06 0.09 0.03 -0.05 

18 L9XT2 -0.19 0.30 2.64 1.99 0.03 0.16 0.06 -0.09 -0.03 0.05 

19 L10XT1 0.78 -0.30 -5.56 -7.99* -0.15** -0.29 -0.02 -0.12 -0.06 0.12 

20 L10XT2 -0.78 0.30 5.56 7.99* 0.15** 0.29 0.02 0.12 0.06 -0.12 

21 L11XT1 -0.81 0.04 -3.47 -3.99 -0.04 0.05 -0.14 -0.02 -0.06 0.08 

22 L11XT2 0.81 -0.04 3.47 3.99 0.04 -0.05 0.14 0.02 0.06 -0.08 

23 L12XT1 -0.06 0.45 1.19 8.67 0.02 -0.63 0.11 -0.04 0.11 0.12 

24 L12XT2 0.06 -0.45 -1.19 -8.67 -0.02 0.63 -0.11 0.04 -0.11 -0.12 

25 L13XT1 0.11 0.12 -1.06 -2.16 -0.10 -0.02 0.07 0.05 0.07 -0.01 

26 L13XT2 -0.11 -0.12 1.06 2.16 0.10 0.02 -0.07 -0.05 -0.07 0.01 

27 L14XT1 -0.39 0.12 1.61 -0.16 0.04 0.01 -0.06 0.01 -0.18 -0.17 

28 L14XT2 0.39 -0.12 -1.61 0.16 -0.04 -0.01 0.06 -0.01 0.18 0.17 

29 L15XT1 0.53 -0.30 0.86 0.17 0.16** 0.69 -0.06 -0.04 -0.14 -0.13 

30 L15XT2 -0.53 0.30 -0.86 -0.17 -0.16** -0.69 0.06 0.04 0.14 0.13 

31 L16XT1 -0.47 0.95 4.44 3.42 0.00 -0.16 0.07 0.01 -0.02 -0.09 

32 L16XT2 0.47 -0.95 -4.44 -3.42 0.00 0.16 -0.07 -0.01 0.02 0.09 

33 L17XT1 -0.47 -0.22 -3.97 -6.24 0.02 0.53 -0.02 0.03 0.11 0.08 

34 L17XT2 0.47 0.22 3.97 6.24 -0.02 -0.53 0.02 -0.03 -0.11 -0.08 

35 L18XT1 0.86 0.37 -0.39 1.34 0.05 0.17 0.07 0.05 -0.06 -0.17 

36 L18XT2 -0.86 -0.37 0.39 -1.34 -0.05 -0.17 -0.07 -0.05 0.06 0.17 

37 L19XT1 0.69 0.12 -0.06 -1.41 0.12* 0.06 -0.02 -0.02 -0.06 0.12 

38 L19XT2 -0.69 -0.12 0.06 1.41 -0.12* -0.06 0.02 0.02 0.06 -0.12 

39 L20XT1 -1.31 -0.38 3.19 6.26 0.01 -0.54 0.02 -0.04 0.11 0.29** 

40 L20XT2 1.31 0.38 -3.19 -6.26 -0.01 0.54 -0.02 0.04 -0.11 -0.29** 

41 L21XT1 0.11 -0.05 -2.14 -5.49 0.04 -0.04 0.07 -0.08 0.03 -0.01 

42 L21XT2 -0.11 0.05 2.14 5.49 -0.04 0.04 -0.07 0.08 -0.03 0.01 

43 L22XT1 0.44 0.04 3.44 4.09 -0.06 -0.70 0.07 -0.04 0.11 0.12 

44 L22XT2 -0.44 -0.04 -3.44 -4.09 0.06 0.70 -0.07 0.04 -0.11 -0.12 

45 L23XT1 0.61 0.45 0.69 0.92 0.06 0.19 -0.10 0.11 0.28** 0.16 

46 L23XT2 -0.61 -0.45 -0.69 -0.92 -0.06 -0.19 0.10 -0.11 -0.28** -0.16 

47 L24XT1 -0.06 -0.13 -2.31 -3.91 0.03 -0.04 -0.02 0.09 0.03 -0.09 

48 L24XT2 0.06 0.13 2.31 3.91 -0.03 0.04 0.02 -0.09 -0.03 0.09 

 SE 0.85 0.53 2.63 4.02 0.06 0.46 0.09 0.10 0.12 0.11 

*=significant at 0.05 probability level **=significant at 0.01 probability level AD=50% Tasseling days, ASI=anthesis silking interval, 

EH=Ear height, PH=Plant height, EPP= ear per plant, GY=Grain yield tones per hectare, TLB=Turcicum leaf blight, CLR= common 

leaf rust, PA=plant aspect, EA=Ear aspect. 

 

The main effect of lines and testers contributed most to 

the total genetic variance in all the studied traits. Contribution 

of the lines for the total genetic variability observed among 

the genotypes was 9.09% for grain yieldwhereas, that of the 

tester was 86.31%. The line x tester interaction contributed 

only 4.60% for grain yield (Table 2). Similarly, previous 

studies also reported the importance of additive genetic 

variance in controlling different traits (El-Gazzar and Khalil, 

2012; Divan et al., 2013). 

 

General combining ability effects 

The presence of high and negative significant 

(P<0.01) GCA effect for AD indicated the desirability of 

these lines (L6, L8, L11, L12 and L14) for early maturity. 

These lines had a tendency to enhance lateness. The lines 

used in the current study showed inconsistent 

performance for GCA effects of anthesis date across 

environments. However, some lines showed acceptable 

GCA effects in most of the test environments, indicating 

the possibility of selection for earliness. Similar results 

were reported by El-Gazzar and Khalil (2012) on yellow 

maize inbred lines. Testers used in the current study are 

late and medium maturing. According to Pswarayi and 

Vivek (2008) report, late maturing testers would resulted 

in late testcrosses. Crosses with low anthesis date and 

anthesis-silking intervals, that could potentially escape 
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short duration of rain season are good source materials for 

the breeding programs.  

Anthesis-silking interval is a very important secondary 

trait in maize breeding for drought tolerance (Pswarayi and 

Vivek, 2008). Inbred lines with shorter anthesis-silking 

interval identified in the present study are highly desirable 

for future breeding work in order to fit with climatic 

change. In conformity, Duraeset al., (2002) reported that 

lines with negative GCA effects for anthesis-silking 

interval depicted good yield showing they were more 

tolerant to drought stress. 

Inbred lines that were significantly different in GCA 

effect for PH contributed to taller plant stature. Similarly, 

L9, L17 and L23 had positive and highly significant GCA 

effect for PH. These show the tendency to increase plant 

height in their crosses. Significant and negative GCA 

effects were exhibited by inbred lines LL6, L14 and L16 

for plant height, indicating these lines showed desirable 

plant stature in their crosses (Table 3). Reasonably shorter 

stature maize varieties are desirable for lodging tolerance 

(Dagne, 2008; Gudeta, 2007). In addition, shorter plants are 

preferable for mechanized agriculture over the taller ones 

because of their suitability for machine harvesting. 

Most of the studied inbred lines were significant and 

negative GCA effect for PA are in the desirable direction 

for high contribution of good plant conditions such as, 

uniform, free of diseases and ear placement. Similarly, 

significant negative GCA effects were observed for most 

of the lines showed their tendency towards increased EA 

(yield, healthiness, flintiness, row arrangements etc) in 

their crosses. Parental lines with positive and significant 

GCA effects are in the direction of undesirable which 

contributed to open husks as suggested by Girma et al., 

(2015). 

The GCA estimates of parental lines ranged from 0.05 

to 1.97 for grain yield. Greater number of lines are best 

general combiners for grain yield among studied traits 

which showed significant (P<0.0 or p<0.05) estimates of 

GCA effect (Table 3). These inbred lines are desirable 

parents for hybrid development as well as for inclusion in 

the breeding programs, as the lines may contribute 

favorable alleles in the synthesis of new varieties. Both the 

testers had significant GCA effect for GY but in the 

opposite direction: T1 with 0.54 and T2 with -0.54t ha-1. 

The current finding is in accordance with the works of 

(Hadji 2004, Dagne et al., 2007,Gudeta 2007, Legesse et 

al., 2009), and Amiruzzaman et al.,2010) who reported 

significant positive and negative GCA effects for grain 

yield. Regarding the EPP inbred lines L1, L18 and L23 had 

significant and positive GCA effects this indicates that this 

characteristics is vital since it has high contribution for 

grain yield.  

 

Specific combining Ability (SCA) effects 

Estimates of SCA effects of 48 crosses are presented 

in Table 4. Single cross of L3xT2 and L10xT1 were found 

negative and significant effect for ear height and plant 

heights respectively, which indicated this crosses are 

identified as best specific combiners to reduce ear and plant 

heights that is important for the development of lodging 

resistance hybrids (Dagne et al.,2007). Four crosses were 

showed positive and highly significant SCA for ears per 

plant which is one of the trait that contributes well to the 

yield. Crosses L1xT1, L3xT1 and L7xT2 revealed positive 

and significant SCA effects for grain yield indicating that 

these crosses were good specific combinations for grain 

yield. On the other hand, crosses L1xT1, L3xT2, and 

L7xT1 expressed negative and significant SCA effects for 

grain yield which is undesirable as these crosses showed a 

tendency to reduce grain yield. The finding of this study is 

in accordance with finding of Girma et al., (2015). 

However, Pswarayi and Vivek (2008), (Jumbo and Carena 

2008) reported non-significant positive and negative SCA 

effects for grain yield which is inconsistent with the present 

study. Positive and highly significant SCA effects were 

indicated in four crosses for the trait plant aspect and six 

crosses were observed for ear aspect. Indicating these traits 

are governed by non-additive gene effect. 

 

Conclusion 

Analysis of variance showed that the two gene effects; 

additive and non-additive were most involved in the control 

of traits. However, the proportion of GCA sum of squares 

was higher than that of SCA for all traits. This indicated the 

higher contribution of additive gene effects to genetic 

variability of the traits than the non-additive genetic 

variance in the crosses for all traits except TLB and CLR. 

Mean squares due to GCA of lines and SCA of line by tester 

interactions were also significant (P<0.01) or (P<0.05) for 

most studied traits. Mean squares due to GCA of testers 

were significant (P<0.01) or (P<0.05) for all traits except 

ASI and CLR. It showed non-significant differences for the 

rest of the traits. Mean squares due to GCA of lines, GCA 

of testers and SCA of line x tester were highly significant 

(P<0.01) for grain yield (GY). Additive and non-additive 

gene actions are important in governing grain yield which 

is confirmed by the presence of highly significant GCA and 

SCA mean squares. The majority of inbred lines studied are 

best general combiners for grain yield and a few crosses 

were identified as specific combiners for grain yield. Inbred 

lines with a high GCA effect for grain yield are desirable 

for hybrids and open pollinated varieties development as 

well as for inclusion in breeding program. 
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