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Generation of information on heterosis and combining abilities of newly developed maize inbred lines is
necessary for a successful hybrid and synthetic maize varieties development. Accordingly, this study
was conducted to estimate the combining ability of QPM inbred lines for grain yield and yield related
traits and to determine the magnitudes of standard heterosis for grain yield and yield related traits in
line x tester QPM hybrids. Fifty test crosses together with two standard checks were evaluated using
alpha lattice design with three replications at three mid-altitude sub humid trial sites (Bako, Hawassa
and Jimma) in Ethiopia during 2016 main cropping season. Combined analysis of variance showed
highly significant differences among the three locations for all the studied traits indicating the presence
of considerable variation among locations for genotype performance. The interaction between sites and
genotypes were highly significant and significant (P<0.05) for grain yield and ear height, indicating that
the performances of the genotypes and crosses were not consistent for these traits. The significance of
both general combining ability (GCA) and specific combining ability (SCA) mean square for some traits
indicates the role of additive and non-additive gene action in the inheritance of the traits. However, for
all the traits, the contribution of GCA variance was greater than the contribution of SCA variance,
revealing the predominance of additive gene action in the inheritance of all the traits studied. L1 and L3
had significant positive GCA effects and are considered as good combiners for grain yield. In addition,
L1 and L9 were good combiners for earliness. In this study, none of the crosses showed positive and
significant standard heterosis for grain yield.

Key words: General combining ability, grain yield, specific combining ability, standard heterosis.

INTRODUCTION

Maize is one of the most important field crops cultivated greatest share of production and consumption together
in Ethiopia to ensure food security. Maize contributes the with other major cereal crops, such as tef [Eragrostis tef

*Corresponding author. E-mail: duferatulu@gmail.com.

Author(s) agree that this arficle remains permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

48 Afr. J. Plant Sci.

Table 1. Description of the study areas.

Temperature (°C)

Sites Altitude (masl) Latitude N Longitude E - Rainfall (mm) Soil type
Min Max
Bako 1650 9° 06' 37° 09’ 13.3 28.0 1239.4 Nitosol
Hawassa 1689 7° 04' 38° 31 12.6 27.3 1002.0 Vitric andosol
Jimma 1750 7°46' 36°00' 11.2 25.9 1536.0 Nitosol
(Zucc.) Trotter], wheat (Tritcum aestivum L.) and vigor, size, growth rate, yield or some other

sorghum [Sorghum bicolor (L.) Moench]. Among the
cereal crops, maize ranks second in area coverage and
first in total annual production and productivity in Ethiopia
(CSA, 2016).

Despite its widespread and increased consumption as
a source of carbohydrates/energy, maize, like all cereal
crops, is known to be poor in its kernel protein quality.
The maize protein is limited in two essential amino acids-
lysine (CgHisN,O,) and  tryptophan  (Cy1H1oN50))
(Bressani, 1991). Protein malnutrition is therefore a
serious problem, especially among children, where maize
and other cereal crops are the predominant staple foods.
Quality protein maize (QPM) is a type of maize variety
with improved quality protein content developed after the
discovery of maize mutant in the mid 1960’s containing
the opaque-2 gene which enhances levels of lysine and
tryptophan in the endosperm protein (Mertz et al., 1964).
Consumption of QPM instead of the conventional maize
(CM) that has low protein quality can substantially
improve the protein status and greatly reduce the
malnutrition problem of impoverished people that are
dependent on maize as their staple food (Leta et al.,
2003). Cognizant of the potential benefits of QPM
varieties, the National Maize Research Program of
Ethiopia initiated a systematic QPM research in
collaboration with CIMMYT in the early 1990s, which led
to the identification and release of the first QPM hybrid,
BHQP542 in 2002 (Legesse et al., 2012), Melkassa 6Q in
2008 (Gezahegn et al., 2012) and the subsequent
release of other several QPM varieties (Adefris et al.,
2015).

Information on combining ability of parental maize
inbred lines, that is, general combining ability (GCA) and
specific combining ability (SCA), which determine their
performances in hybrid combination, is an important input
for designing breeding strategy aimed at exploiting the
genetic potential of maize for achieving higher
productivity (Chawla and Gupta, 1984). Combining ability
studies can help understand the type of gene action
involved in controlling quantitative characters, thereby
assisting breeders in selecting suitable parent materials
(Hallauer and Miranda, 1988).

Heterosis is also important in maize breeding and is
dependent on level of dominance and differences in gene
frequency. The manifestation of heterosis depends on
genetic divergence of the two parental varieties (Hallauer
and Miranda, 1988). It is manifested as an increase in

characteristics. But in some cases, the hybrid may be
inferior to the weaker parent, which is also considered as
heterosis. That means heterosis can be positive or
negative. The interpretation of heterosis depends on the
nature of trait under study and the way it is measured.
Generally, heterosis is an important trait used by
breeders to evaluate the performance of offspring in
relation to their parents. It estimates the enhanced
performance of hybrids as compared to their parents.
Often, the superiority of F; is estimated over the average
of the two parents, or the mid parent.

Breeding efforts are underway to convert elite mid-
altitude CM inbred lines to QPM through back crossing in
recent years in Ethiopia by the breeding program of Bako
National Maize Research Center (BNMRC) of the
Ethiopian Institute of Agricultural Research (EIAR). This
effort has led to the development of many QPM inbred
lines, including inbred lines used in this study. Thus, this
study was conducted to estimate the combining ability of
QPM inbred lines for grain yield and yield related traits
and magnitudes of standard heterosis for grain yield and
yield related traits in line x tester QPM hybrids.

MATERIALS AND METHODS
Description of experimental sites

The study was conducted at three locations in the mid-altitude sub-
humid agro ecologies of Ethiopia, namely, Bako, Hawassa and
Jimma Agricultural Research Centers in the main cropping season
of 2016 (Table 1).

Experimental materials

A total of 52 entries composed of 50 test crosses, formed by
crossing 25 QPM inbred lines with two single cross testers (referred
to as tester A and tester B), and two standard checks (BHQPY545,
yellow QPM and BH546, white CM) were studied. The QPM inbred
lines were previously developed by BNMRC through backcross
breeding technique using elite CM inbred lines as recurrent parents
and elite QPM lines as donor parents. The list and the pedigrees of
the inbred lines used in the line by tester crosses and that of the
testers are given in Table 2. A standard QPM conversion procedure
developed by CIMMYT was used to develop the QPM inbred lines,
which involved kernel light table screening for endosperm
modification, laboratory analysis for tryptophan and lysine contents,
as well as field evaluation for agronomic traits. The testers used in
this study were identified by CIMMYT Zimbabwe and introduced to
Ethiopia by BNMRC breeding program in 2014 main season.



Table 2. List of QPM inbred lines selected and used for cross formation and testers.
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S/N Lines code

Pedigree

Origin (source)

1 L1 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-12-1-2-1-1-1 BNMRC
2 L2 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-20-1-1-1-1-1 >>
3 L3 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-12-1-2-2-1-1 >>
4 L4 (CML-144 X SC-22(F2) X SC-22(F2) X SC-22)-B-44-2-1-2-1-1 >>
5 L5 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-12-1-1-2-1-1 >>
6 L6 (CML-144 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-25-1-1-1-1-2 >>
7 L7 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-40-1-1-1-1-1 >>
8 L8 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-15-1-2-2-1-1 >>
9 L9 (CML-144 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-32-1-1-2-1-3 >>
10 L10 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-12-1-3-3-1-1 >>
11 L11 (CML-144 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-25-1-1-1-1-1 >>
12 L12 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-12-1-3-2-1-1 >>
13 L13 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-12-1-3-1-2-1 >>
14 L14 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-20-1-1-3-1-1 >>
15 L15 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-15-1-1-1-1-1 >>
16 L16 BK02-Z-311-28(F2)-B-1 X CML-144(F2)-15-2-3-1-1 >>
17 L17 BK02-Z-311-28(F2)-B-1 X CML-144(F2)-15-1-1-1-1 >>
18 L18 BK02-Z-311-28(F2)-B-1 X CML-144(F2)-48-1-1-1-1 >>
19 L19 BK02-Z-311-28(F2)-B-1 X CML-144(F2)-15-2-1-2-1 >>
20 L20 BK02-Z-311-28(F2)-B-1 X CML-144(F2)-15-2-3-2-1 >>
21 L21 (CML-144 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-32-1-1-2-1-1 >>
22 L22 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-15-1-2-1-1-1 >>
23 L23 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-15-1-1-2-1-1 BNMRC
24 L24 (CML-142 X 144-7-b(F2) x 144-7-b(F2) x 144-7-b)-B-15-1-2-3-1-1 >>
25 L25 (CML-144 X SC-22(F2) x SC-22(F2) X SC-22)-B-44-2-1-1-1-1 >>
26 T1 CML144/CZLQ5 CIMMYT
27 T2 CZLQ2/CML511 >>
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*BNMRC = Bako National Maize Research Center.

Experimental design and field managements

The experimental design was (0, 1) alpha lattice design (Patterson
and Williams, 1976) with 4 plots per an incomplete block and 13
incomplete blocks with three replicates. Each entry was planted in a
two row 5.1 m long plot with spacing of 0.75 m between rows and
0.30 m between plants within a row. The experimental materials
were hand planted with two seeds per hill, which were later thinned
to one plant to get the recommended planting density for the testing
sites, 44,444 plants per hectare. Planting was conducted on the
onset of the main rainy season after an adequate soil moisture level
was reached to ensure good germination and seedling
development. Other agronomic practices were carried out as per
the recommendation for the test areas.

Data collection

Data on grain yield and other important agronomic traits were
collected on a plot and sampled plants/ears bases. Data collected
on a plot basis include days to 50% anthesis, days to 50% silking,
number of ears per plant, actual moisture content, field weight
(kg/plot), plant aspects, ear rot and bad husk cover; while data
recorded on sampled plants basis were ear height (cm) and plant
height (cm). Yield in t/ha was calculated using CIMMYT fieldbook
software (Banziger and Vivek, 2007).

Data analysis
Analysis of variance

Data were subjected to analyses of variance (ANOVA) using the
PROC MIXED procedure in SAS® computer program (SAS Institute,
2004). Entries were used as fixed factor while replications and
incomplete blocks within replication were considered as random
factors. Least significant difference (LSD) was used for mean
separation. For traits that displayed significant differences among
crosses, line by tester analysis was performed to further partition
the variances due to crosses into lines, tester and line by tester
effects (Dabholkar, 1999; Singh and Chaudhary, 1985) using SAS
program (SAS institute, 2004).

Line by tester analysis

Line by tester analyses was performed for traits that showed
significant differences among genotypes as suggested by
Dabholkar (1999) and Singh and Chaudhary (1985) to partition the
mean square due to crosses into lines (denoting GCA due to lines
or males, GCAm), tester (denoting GCA due to testers or females,
GCAf) and line x tester interactions (denoting SCA of lines by
testers crosses, SCAmf). The following mathematical model was
used for the combining ability analysis:
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Table 3. Combined analysis of variance for the tested traits in a line by tester mating between 25 QPM maize inbred lines and two
testers evaluated at three locations in Ethiopia in 2016.

Source of var. DF GY DA DS PH EH PA ER HC EPP
Site 2 166.64**  290.9** 716.84** 180918.78** 48294.64** 14.61** 277.34* 14.42* 559**
Rep(Site) 4 47.91** 17.69**  34.55** 3582.19** 3111.41** 0.14 0.73* 0.14 0.22**
Block(Rep) 36 1.89 3.13* 3.89* 317.49 222.8 0.15 1.24* 0.79 0.04
Genotypes (G) 51 7.69** 9.77* 13.45** 588.74** 384.69** 0.17* 1.24% 4.32**  0.20**
Crosses (Cr) 49 8.22** 10.26** 14.65** 657.47** 395.41** 0.18* 1.03 4.68** 0.13**
GCA(lines) 24 8.49** 8.84** 14.51** 1078.65** 661.91** 0.19 1.20 7.83*  0.22*
GCA(testers) 1 0.26 157.24** 179.24**  3099.47** 696.89* 0.002 0.22 0.91 0.07
SCA (L*T) 24 8.29** 5.56** 7.93** 134.53 116.35 0.18 0.88 1.67* 0.04
Site*Genotypes 102 5.39** 1.96 2.87 303.41 242.69* 0.14 0.90 1.07 0.04
Site*Crosses 98 6.16** 2.39 3.22* 337.27* 282.07** 0.15 0.76 1.24**  0.04**
Site*GCA(lines) 48 7.46** 2.78* 3.34 427 .48** 316.74* 0.17 0.88 1.64* 0.04
Site*GCA(testers) 2 9.04** 7.20* 8.10* 281.25 668.90* 0.03 1.49 1.85 0.06
Site* SCA(L*T) 48 4.73** 1.81 291 249.39 231.28 0.12 0.62 0.81 0.05*
Pooled error G. 270 3.14 1.70 2.23 242.32 171.76 0.12 0.75 0.98 0.05
pooled error Cr. 294 2.80 1.92 2.45 252.75 176.97 0.13 0.82 0.98 0.03
CV (%) 22.25 1.59 1.79 6.18 9.35 13.27 30.30 31.67 17.56
Cont. of GCA 50.62 73.48 73.48 89.98 85.59 51.25 58.53 80.64 84.66
Cont. of SCA 49.38 26.52 26.52 10.02 14.41 48.75 41.47 19.36 15.34

*=0.05 and **= 0.01 significant probability level respectively.GY=grain yield, DA = days to anthesis, DS = days to silking, EH = ear height, PH =
plant height, PA=plant aspect, ER=ear rot, HC=husk cover, EPP = number of ears per plant, GCA = general combining ability; SCA = specific
combining ability; DF = degrees of freedom, Cont. of GCA = contribution of general combining ability of lines and testers, Cont. of SCA =

contribution of specific combining ability of line by tester.

Yik = 4+0 +0; +0; +5; +€

Where, Y= the value of a character measured on cross of line i by
tester j in k™ replication; p = population mean; r= effect of k"
replication; gi = general combining ability (GCA) effects of i" line; o]
= general combining ability (GCA) effect of the " tester; S =
specific combining ability (SCA) of i line and | testers such that Si
equals Sj; ejx = experimental error for ijk" observation.

GCA and SCA of lines were computed for characters that
showed significant differences among crosses following line by
tester (LXT) analysis as suggested by Singh and Chaudhary (1985).
The proportional contributions of lines (GCA.), testers (GCAy), and
their interaction (SCALr) with the sum square of crosses were
calculated as the ratio between sum of squares of each component
and the cross sum of squares as given by Singh and Chaudary
(1985) as follows:

Ss()

SS(Crosses) %100

Contribution of lines (L) =

SS(t)

SS(Crosses) x 100

Contribution of testers (T) =

SS(Ixt)

—— % 100
SS(Crosses)

Contribution of line by tester (Lx T) =

The significance of GCA and SCA effects were tested by dividing
the corresponding SCA and GCA values by their respective
standard error, to obtain the calculated t values, and comparing the
calculated t value with tabular t-value at the error degree of
freedom.

Standard heterosis (SH) in percent was calculated for those traits
that showed statistically significant differences among genotypes as

suggested by Falconer and Mackay (1996). These were computed
as percentage increase or decrease of the cross performances over
best standard check as follows:

F1-SV
SH(%) =

* 100

Where, F1 = mean value of a cross; SV = mean value of standard
check variety.

Test of significance for heterosis was done using the t-test. The
standard errors of the difference for heterosis were calculated as
follows:

SE(d) for SH = +,/2MSE/r

Where, SE (d) is standard error of the difference, MSe is error
mean square and r is number of replications and calculated t value
was compared against the tabulated t-value at degree of freedom
for error.

t (standard check) = F1- SV/SE(d)

RESULTS AND DISCUSSION

Analysis of variance

Combined analysis of variance showed highly significant
differences among the three locations for all the studied
traits (Table 3). The result also showed highly significant
(P<0.01) mean squares due to genotypes for all
characters studied.
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Table 4. Mean grain yield and agronomic traits of top-yielding QPM hybrids and standard checks evaluated across three
locations of mid-altitude agro-ecologies in Ethiopia.

Crosses Grain yield (t/ha) DA DS PH EH PA ER HC EPP

Bako Hawassa Jimma Across (days) (days) (cm) (cm) (@5 (%) (%) (#)
L1xT1 12.09 11.22 9.29 10.25 83.22 85.11 263.33 143.33 244 191 351 1.36
L23xT1 9.95 11.52 9.86 9.81 82.33 83.89 254.78 140.33 2.78 291 382 1.31
L3xT1 12.69 9.83 8.32 9.80 84.00 86.00 260.11 145.33 256 223 3.62 1.30
L9xT2 11.62 9.68 9.44 9.75 82.56 85.00 242.11 13156 2.72 233 118 1.23
L22xT2 9.78 8.18 10.16 9.57 79.44 80.78 25856 146,56 250 161 358 1.06
L20xT2 9.26 6.91 10.98 9.14 80.00 81.11 243.22 13133 239 1.98 140 151
L15xT1 11.15 10.36 6.91 9.09 82.11 84.44 27222 152.00 2.67 248 356 1.29
L13xT2 9.92 7.75 9.26 9.03 80.22 81.89 256.33 144.00 256 224 133 1.39
L3xT2 10.70 8.06 7.55 8.80 81.22 8278 252.11 142.44 256 3.27 3.00 1.28
L11xT1 10.52 8.58 7.76 8.79 82.00 83.78 261.11 15222 256 297 249 121
BHQPY545 10.21 8.57 8.72 9.33 80.33 81.67 24056 127.11 250 324 1.04 2.05
BH546 10.50 8.27 7.44 8.49 80.00 81.89 25356 13222 289 243 172 1.22
Mean 8.55 8.31 7.95 7.97 81.82 83.44 25194 140.19 264 228 243 1.28
LSD 1.64 2.35 3.38 1.64 1.21 1.38 14.45 1216 032 1.04 115 0.21
Max 12.69 11.52 11.70 10.25 84.00 86.11 272.22 153.22 3.06 3.27 4.10 2.05
Min 5.27 5.53 6.28 5.97 79.44 80.78 23156 12433 233 151 091 1.06

DA = Days to anthesis, DS = days to silking, EH = ear height, PH = plant height, PA=plant aspect, ER=ear rot, HC=husk cover, EPP =
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number of ears per plant, LSD = least significant difference.

The interaction between sites and genotypes (S x G),
were highly significant and significant (P< 0.05) for grain
yield, days maturity and ear height, indicating that the
performances of the genotypes and crosses were not
consistent for these traits. However non significant
interaction effects of S x G were observed for most of the
traits, indicating that the genotypes were performed
uniformly across sites for those traits. Generally, the traits
which showed significant S x G interaction had a
differential genotypic response to variable environmental
conditions and this resulted in change in the ranks of
genotypes and limited the identification of superior
genotypes for all sites. This revealed the site specificity of
the genotypes tested (Bayisa et al., 2008).

Mean performance of genotypes

The mean performances of the genotypes (the 50 hybrid
progenies and two checks) across site are given in Table
4. The mean grain yields (GY) of the genotypes across
sites ranged from 5.97 to 10.25 t/ha with overall mean of
7.97 t/ha. The L1 x T1, which was the highest yielding
cross (10.25 t/ha) out yielded the high yielding check,
BHQPY545 (9.33 t/ha) by 9.86% and the other check
BH546 (8.49) by 20.73%. The presence of crosses
having mean values better than the standard checks
indicate the possibility of obtaining good hybrid (s) for
future use in breeding program or for commercial use.
Days to anthesis and silking ranged from 79.44 to
84.00 and 80.78 to 86.11 days, with overall means of

81.82, and 83.44 days, respectively. The shortest
numbers of days were recorded for crosses L22 x T2
(79.44) days to anthesis and L22 x T2 (80.78) days to
silking (Table 3). Most of the crosses showed longest
number of days to anthesis and silking. This shows that
those crosses could be grouped as late maturing types.
Late maturing crosses are important in the breeding
programs for development of high yielding hybrids in
areas that receive sufficient rain fall (Girma et al., 2015).
Further evaluation and recommendation of this group of
materials should be based on agro-ecological suitability.
Plant and ear height ranged from 231.56 to 272.22 and
124.33 to 153.22 cm with mean values of 251.94 and
140.19 cm, respectively. The lowest mean values for both
plant and ear heights were observed for the cross L19 x
T2, while the highest mean values were measured from
the crosses L15 x T1 for plant height and L6 x T1 for ear
height. Two crosses were significantly taller than the
check BH546. Of these crosses, L15 x T1 gave higher
grain yield than the best check BH546 (253.56 cm). In
line with this finding, Girma et al. (2015) reported higher
GY from taller plants and the authors also suggested that
this could be attributed to high photosynthetic products
accumulation during long period for grain filling.

Number of ears per plant ranged from 1.06 (L22 xT2) to
2.05 (BHQPY545), with an overall mean of 1.28. Among
the top yielding crosses, only L20 x T2 had the number of
ears per plant greater than 1.5. The mean performances
of hybrids for plant aspect (PA) ranged from 2.33 to 3.06,
with an overall mean of 2.64. The high yielding cross L1 x
T1 was scored 2.44, While the worst (unattractive) PA
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scored 3.06 was observed from L6 x T2.

The mean percentages of ear rot (ER) damage among
the hybrids ranged from 1.51 to 3.27%. In general, all the
crosses and both standard checks showed small
percentage score for ER, which means they could be
taken as resistant to this disease under natural
infestation. Regarding bad husk cover (HC), the
percentage mean value range from 0.91 to 4.1%, with
overall mean of 1.15%. Nearly all the crosses evaluated
in these trials were free of bad husk cover problem.

Combining ability

In the combined analysis of variance, mean squares due
to lines (GCAm) were highly significant for all the studied
traits, except plant aspect and ear rot, while mean
squares due to testers (GCAf) were highly significant for
days to anthesis, days to silking, plant height and ear
height. Furthermore, mean squares due to lines by tester
interaction (SCAmf) of crosses were significant for grain
yield, days to anthesis, days to silking and bad husk
cover. The significance of both GCA and SCA mean
squares for some traits indicates the role of additive and
non-additive gene action in the inheritance of these traits
(Table 3). Therefore, recurrent selection which exploits
both additve and non-additive gene effects
simultaneously could be useful in genetic improvement of
the traits studied. However, for all of the traits, the
contribution of GCA variance was greater than the
contribution of SCA variance, revealing the
predominance of additive gene action in the inheritance
of all traits. This showed that parents with good GCA and
per se performance could be used to predict the
performance of their crosses. Therefore, these parents
can be crossed to develop high-yielding QPM hybrids
that can potentially be used in further breeding work
(inbred line development) and/or directly released for
commercial use. Similar results were reported by other
authors in their study on combining ability for yield and
yield related traits in maize (Bayisa et al., 2008; Chandel
and Mankotia, 2014; Seyoum et al., 2016).

Highly significant and significant variations were
observed due to interaction between sites and GCA of
lines and testers for grain yield, days to anthesis and ear
height, indicating that the GCA of inbred lines and testers
were affected by the environmental conditions under
which the hybrids were grown. SCA x site interaction
mean square was only highly significant for the grain
yield and significant (P< 0.05) for ears per plant.

General combining ability effects

Estimates of GCA effects due to lines and testers various
traits combined over site are presented in Table 5. Out of
the 25 inbred lines studied in line x tester cross, only two
exhibited positive and significant GCA effects for

grain yield, while one inbred line displayed negative and
significant GCA effects for the same trait (Table 5). L1
and L3 had significant positive GCA effects and are
considered as desirable good combiner; while only L18
had significant negative GCA effects and considered as
undesirable/poor combiner. However, high positive, non-
significant and desirable GCA effects were also revealed
by L9 and L13. The significant positive GCA effect of
lines indicates the potential advantage of the parents for
developing high-yielding hybrids. Similar results were
reported by various researchers (Kanagarasu et al.,
2010; Beyene et al., 2011; Girma et al., 2015; Ram et al.,
2015). For days to anthesis, L1 and L9, and days to
silkking, L1, L9 and L21 showed positive and significant
GCA effects, while negative and significant GCA effects
were observed for L22 for days to anthesis and for L20
and L22 for days to silking. Lines with negative GCA
effects for days to anthesis and days to silking are
desirable lines, as these lines tend to flower earlier than
other lines. Even though there is adequate rainfall in mid
altitude agro-ecologies of Ethiopia, effort should be made
to develop early maturing varieties to fit fluctuating
weather condition. Thus, there is possibility of making
effective selection for these traits, which could lead to
considerable genetic improvement for earliness.
Desirability of negative GCA for days to anthesis and
silking was suggested by various authors’ (Igbal et al.,
2007; Shushay et al., 2013; Umar et al.,, 2014). In
addition, T1 had positive and highly significant GCA
effects on both days to anthesis and silking, while T2
revealed negative and highly significant GCA effects for
both days to anthesis and silking, indicating T2 is a
desirable tester for making earliness when crossed with
other lines.

The GCA estimates of lines ranged from -2.88 to 1.73
for maturity date (DM). Only L20 showed negative and
significant GCA effects for this trait. Inbred lines that
showed negative GCA effects for DM could be
considered as good general combiners for developing
early maturing hybrids to escape late coming disease and
pest infestation as well as terminal moisture stress. In line
with the current study, other authors reported both
positive and negative GCA effects of inbred lines for DM
(Habtamu, 2015; Ram et al., 2015). In addition, Girma et
al. (2015) reported significant negative and positive GCA
effects for DM and suggested that lines with highly
significant GCA effects in the negative direction could be
used in breeding programs for the introgression of gene
for early maturation.

For PH and EH, L16, L17, L18, L19 and L20 showed
negative GCA effects. For EH, positive significant GCA
estimates was observed for L6, while L15, showed
positive and significant GCA for PH. Negative GCA
effects for EH and PH indicates shorter plant height and
lower placement of ear, which is very important for
development of genotypes resistant to lodging.
Therefore, inbred lines with significant negative GCA
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Table 5. Estimates of general combining ability (GCA) effects for grain yield and other agronomic traits of 25 maize
inbred lines crossed using line x tester mating design and evaluated across site in 2016 main cropping season.

. Characters

Lines

GY DA DS PH EH HC EPP
L1 1.42* 1.22* 1.43* 8.09 -1.45 0.11 0.09
L2 -0.56 -0.89 -1.01 -4.25 -0.61 0.87* -0.11
L3 1.37* 0.72 0.88 3.98 3.28 0.84* 0.03
L4 0.24 0.5 0.54 -1.25 -3.50 0.33 -0.05
L5 0.11 0.5 0.21 0.09 -5.39 0.79 0.03
L6 -0.7 0.22 0.82 4.53 11.11* -0.75 -0.17*
L7 -0.39 0.89 1.10 -1.69 -0.78 -0.51 0.01
L8 -0.51 -0.78 -0.62 4.75 1.39 0.49 -0.06
L9 0.77 1.28* 1.6* -7.3 -4.72 -1.43** -0.08
L10 -0.22 0.11 -0.12 0.09 -2.06 -0.25 0.00
L11 0.2 -0.17 -0.01 4.48 7.33 0.10 -0.01
L12 0.23 -0.11 -0.07 1.36 0.61 -0.34 -0.02
L13 0.71 -0.89 -0.9 4.36 2.66 -0.52 0.09
L14 -0.35 -0.06 -0.01 -5.52 3.00 0.52 -0.03
L15 0.54 -0.17 0.38 15.53* 8.55 1.25** -0.03
L16 -0.17 -0.33 -0.84 -9.25 -5.89 -1.17* 0.32**
L17 -0.65 -0.17 -0.73 -11.69 -10.72* -0.09 0.17*
L18 -1.38* 0.61 0.82 -6.19 -4.89 -0.37 -0.02
L19 -0.63 -0.11 -0.96 -16.25* -13.45* -0.18 0.12
L20 0.02 -0.94 -1.51* -11.8 -6.56 -0.96* 0.14*
L21 -0.73 1.00 1.38* -2.25 1.5 -1.45** -0.04
L22 0.43 -1.28* -1.29* 10.25 9.16 0.37 -0.15*
L23 0.68 -0.28 0.04 3.25 2.33 1.49** -0.02
L24 0.25 -0.5 -0.46 9.31 5.44 0.50 -0.15*
L25 -0.7 -0.39 -0.68 7.36 3.66 0.36 -0.06
SE(%) 0.68 0.57 0.64 6.49 5.43 0.40 0.07
SE(gi-gj) 0.97 0.80 0.90 9.18 7.68 0.57 0.10
Testers GCA
T1 0.02 0.59** 0.63** 2.62 1.24 -0.04 0.01
T2 -0.02 -0.59** -0.63** -2.62 -1.24 0.04 -0.01
SE(1) 0.19 0.16 0.18 1.84 1.54 0.11 0.02
SE(gi-gj) 0.27 0.23 0.26 2.60 2.17 0.16 0.03

*=0.05 and **= 0.01 significant probability level respectively. GY=grain yield, DA = days to anthesis, DS = days to silking,
EH = ear height, PH = plant height, HC=husk cover, EPP = number of ears per plant, SE = standard error of general
combining ability effects of lines and testers, SE (gi-gj)=standard error of the difference of general combining ability

effects of lines and testers.

effects are good combiners for hybrid development.
Similar results were reported by several authors
(Bhatnagar et al., 2004; Aminu and Izge, 2013; Alamerew
and Warsi, 2015; Seyoum et al., 2016). About half of the
inbred lines revealed positive GCA effects for ear aspect.
However, none of the parents showed significant GCA
effects for this trait and found to be a good general
combiner for quality ear. On the other hand, only L22
revealed significant negative GCA effect for EA.
Therefore, L22 is a poorest general combiner for this trait
relatively.

In case of bad husk cover (HC), L2, L3, L15, and L23
showed positive and significant GCA effects, while
negative and significant GCA effects were observed for
L9, L16, L20 and L21. A significant negative GCA effect
for HC indicates having closed (firm) husk cover and
considered as a good combiner in the desired direction
(Girma et al.,, 2015). Regarding ears per plant (EPP),
L16, L17, and L20 revealed significant positive GCA
effects for EPP, whereas L6, L22 and L24 showed
significant negative GCA effects for the same trait. The
positive and significant GCA effect for number of ears per
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plant indicates prolificacy, which is a desirable trait in
increasing maize productivity to some extent (Aminu and
Izge, 2013; Alamerew and Warsi, 2015).

Specific combining ability effects

Specific combining ability effects computed for grain yield
and other agronomic traits are presented in Table 6.
Crosses evaluated in the current study showed limited
variation in SCA effects for the traits studied.

For GY, crosses L9 x T2, L16 x T2, L20 x T2, L22 x T2
and L23 x T1 revealed highest positive but non-significant
SCA effects with SCA values of 1.08, 0.95, 1.21, 1.24,
and 1.18, respectively. This indicates that inbred lines
involved in these crosses are genetically divergent, and
hence could be regarded to be from different heterotic
groups. L9 x T1, L16 x T1, L20 x T1, L22 x T1 and L23 x
T2 showed lowest negative but non-significant SCA
effects for this trait, indicating that these crosses were
poor specific combiners for grain yield. All crosses that
showed the highest positive SCA effects, except L23 x
T1, resulted from poor inbred lines by poor tester for
grain yield. This showed that, the crosses performed
better than what would be expected from the GCA effects
of their respective parents. Therefore, these crosses
could be selected for their specific combining ability for
higher grain yield. Non significant SCA effect for grain
yield was previously reported by Seyoum et al. (2016). In
contrast to this finding, Bullo and Dagne (2016) reported
highly significant positive and negative SCA effects for
GY and they suggested that, when high yielding specific
combinations are desired, especially in hybrid maize
development, SCA effects could help in the selection of
parental material for maximum exploitation of heterosis.

For days to anthesis and silking, only a few crosses

showed significant SCA effects in both directions. L5 x T2
showed significant and positive SCA estimate, while L5 x
T1 showed significant SCA estimate for DA for both traits.
The hybrids with low SCA for days to anthesis and days
to silking are desirable as they have earlier anthesis and
silking days than what is expected based on GCA of their
parents. This finding is in agreement with Kanagarasu et
al. (2010), Dagne et al. (2011), Aminu and lzge (2013)
and Aminu et al. (2014).
None of the inbred lines had significant SCA effect in
both directions for bad husk cover. The result
demonstrated that most of the crosses evaluated in the
current study did not significantly deviate from what
would have been predicted based on their parental
performance for almost all the traits. This is expected
since the proportions of GCA effects were higher than
that of SCA.

Standard heterosis

The estimates of standard heterosis over the standard
checks were computed for grain yield and yield related

traits and presented in Table 6. None of the crosses
showed positive and significant heterosis over both
standard checks for grain yield. Standard heterosis (SH)
for this trait ranged from -29.62 (L18 x T1) to 20.71% (L1
x T1) over BH546, and -35.97 (L18 xT1) to 9.81% (L1 x
T1) over BHQPY545. L3 x T1 (15.46 and 5.04%) and L23
X T1 (15.61 and 5.18%) also exhibited positive standard
heterosis over both checks. Positive heterosis for this trait
indicates increased yield advantage over the existing
standard check. Maize hybrids that perform better than
the checks could be used for release as hybrid variety
after verification.

Standard heterosis for DA ranged from -0.69 to 5.00%
over BH546 and -1.11 to 4.56% over BHQPY545. For
DS, the value of SH ranged from -1.36 to 5.16% over
BH546 and -1.09 to 5.44% over BHQPY545. None of the
crosses displayed negative and significant SH for DA and
DS over both checks. On the other hand, 14 crosses
showed positive and significant heterosis for DA and DS
over both checks indicating, those crosses were late
maturing as compared to the checks. Heterosis in the
negative direction for these traits indicates earliness of
the crosses over the standard checks. In contrast to the
current finding, Amiruzzaman et al. (2013) and Bello and
Olawuyi (2015) reported negative and significant SH for
DA and DS in most of the crosses. Standard heterosis for
bad husk cover (HC) ranged from -47.32 to 138.22% and
-12.82 to 294.23% for BH546 and BHQPY545,
respectively. The negative heterosis in this trait indicates
desirable crosses with closed ear up to the tip of the cob,
while crosses with positive heterosis for this trait showed
bad husk cover and may be susceptible to ear rot
disease and are predisposed to other damages.

Conclusion

Combined analysis of variance indicated the presence of
considerable variation among locations for genotypes
performances. Furthermore, mean squares due to GCA
of lines and SCA of crosses were significant for grain
yield, days to anthesis, days to silking and bad husk
cover. The significance of both GCA and SCA mean
squares for these traits, indicate the role of additive and
non-additive gene action in the inheritance of these traits.
L1, L3, L9 and L13 were identified as good combiner for
grain yield and L22 and T2 were identified as good
combiner for reducing days to anthesis and silking. The
inbred lines having significant negative GCA for days to
anthesis and silking identified in this study could be used
as parents for breeding quality protein maize for earliness
in the mid-altitude sub- humid agro-ecology of Ethiopia.
Likewise, L9 x T2, L16 x T2, L20 x T2, L22 x T2 and L23
x T1 revealed highest positive SCA effects.

This indicates that inbred lines involved in these
hybrids are genetically divergent, and hence could be
regarded to be from different heterotic groups. though,
none of the crosses showed positive and significant
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Table 6. Estimates of specific combining ability (SCA) effects and standard heterosis (SH) for grain yield and other agronomic traits of 25 maize inbred lines crossed in line x tester mating
design and evaluated across sites in 2016 main cropping season.

Grain yield (t/hec)

Days to anthesis (days)

Days to silking (days)

Bad husk cover (%)

Hybrids SH SH SH SH
SCA BH546 BHQPY545 SCA BH546 BHQPY545 SCA BH546 BHQPY545 SCA BH546 BHQPY545

L1xT1 0.87 20.71 9.81 -0.48 4.03** 3.6%* -0.46 3.93* 4.22% 0.97 103.94* 237.5%*
L1xT2 -0.87 -0.43 -9.42 0.48 3.75%* 3.32* 0.46 3.53* 3.81* -0.97 -4.58 57.9
L2xT1 -0.11 -14.22 -21.96 0.41 2.50 2.07 -0.02 1.49 1.77 0.39 114.14* 254.38**
L2xT2 0.11 -12.12 -20.05 -0.41 0.00 -0.41 0.02 0.00 0.27 -0.39 73.79 187.61*
L3xT1 0.48 15.46 5.04 0.80 5.00** 4.56%* 0.98 5.02** 5.31* 0.35 110.2* 247.87*
L3xT2 -0.48 3.65 -5.70 -0.80 1.53 1.11 -0.98 1.09 1.36 -0.35 74.12 188.14*
L4xT1 -0.24 -6.32 -14.78 0.35 4.17* 3.73* 0.2 3.66* 3.95% -0.17 50.81 149.58
L4xT2 0.24 -1.33 -10.24 -0.35 1.81 1.38 -0.2 1.63 1.90 0.17 74.56 188.88*
L5xT1 0.59 1.96 -7.24 -1.76* 1.53 1.11 -1.91* 0.68 0.95 0.39 109.56* 246.8**
L5xT2 -0.59 -12.57 -20.46 1.76* 4.44* 4.01** 1.91* 3.80* 4.08** -0.39 68.56 178.95*
L6xT1 0.88 -4.21 -12.86 -0.37 2.92* 2.49 -0.41 3.26* 3.54* -0.21 -14.59 41.35
L6xT2 -0.88 -25.41 -32.14* 0.37 2.36 1.94 0.41 2.71 2.99* 0.21 14.27 89.11
L7xT1 0.08 -9.99 -18.11 0.63 5.00** 4.56%* 0.65 4.88** 5.17** -0.60 -23.3 26.92
L7xT2 -0.08 -12.38 -20.29 -0.63 1.94 1.52 -0.65 1.76 2.04 0.60 50.68 149.36
L8xT1 0.37 -7.98 -16.29 -0.15 1.94 1.52 -0.08 1.90 2.18 0.20 80.89 199.36*
L8xT2 -0.37 -17.25 -24.72 0.15 0.83 0.42 0.08 0.54 0.82 -0.20 62.62 169.13*
LI9xT1 -1.08 -10.07 -18.18 0.02 4.72*% 4.29** -0.52 4.07* 4.35** -0.10 -47.32 -12.82
LI9xT2 1.08 14.89 4,52 -0.02 3.19* 2.77* 0.52 3.8* 4.08** 0.10 -31.63 13.14
L10xT1 -0.04 -9.46 -17.63 0.41 3.75** 3.32* 0.54 3.26* 3.54* 0.19 37.57 127.67
L10xT2 0.04 -8.98 -17.19 -0.41 1.25 0.83 -0.54 0.41 0.68 -0.19 20.08 98.72
L11xT1 0.64 3.56 -5.79 -0.31 2.50 2.07 -0.35 2.31 2.59 -0.04 44.93 139.85
L11xT2 -0.64 -11.98 -19.92 0.31 1.81 1.38 0.35 1.63 1.90 0.04 53.65 154.27*
L12xT1 -0.18 -5.81 -14.31 -0.04 2.92* 2.49 0.15 2.85 3.13* -0.65 -16.14 38.78
L12xT2 0.18 -2.07 -10.91 0.04 1.53 1.11 -0.15 0.95 1.22 0.65 63.52 170.62*
L13xT1 -0.42 -2.84 -11.61 0.19 2.22 1.8 0.09 1.76 2.04 0.66 49.00 146.58
L13xT2 0.42 6.4 -3.2 -0.19 0.28 -0.14 -0.09 0.00 0.27 -0.66 -22.85 27.67
L14xT1 0.41 -5.63 -14.15 0.13 3.19* 2.77* 0.42 3.26* 3.54* 0.06 75.02 189.63*
L14xT2 -0.41 -15.8 -23.4 -0.13 1.39 0.97 -0.42 0.68 0.95 -0.06 72.05 184.72*
L15xT1 0.59 7.07 -2.6 -0.2 2.64* 2.21 -0.08 3.12* 3.40* -0.12 106.65* 241.99**
L15xT2 -0.59 -7.5 -15.85 0.2 1.67 1.24 0.08 1.76 2.04 0.12 124.98** 272.33**
L16xT1 -0.95 -19.5 -26.77 -0.26 2.36 1.94 0.04 1.76 2.04 0.05 -23.89 25.96
L16xT2 0.95 2.21 -7.01 0.26 1.53 1.11 -0.04 0.14 0.41 -0.05 -25.37 23.50
L17xT1 -0.63 -21.43 -28.52 0.46 3.47** 3.04* 0.7 2.71 2.99* -0.36 15.11 90.49
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Table 6. Contd.

L17xT2 0.63 -7.17 -15.55
L18xT1 -0.60 -29.62 -35.97*
L18xT2 0.60 -16.02 -23.60
L19xT1 -0.16 -15.68 -23.29
L19xT2 0.16 -12.45 -20.35
L20xT1 -1.21 -20.29 -27.48
L20xT2 1.21 7.63 -2.08

L21xT1 0.54 -8.57 -16.83
L21xT2 -0.54 -21.94 -28.98
L22xT1 -1.24 -15.85 -23.45
L22xT2 1.24 12.76 2.58

L23xT1 1.18 15.61 5.18

L23xT2 -1.18 -12.79 -20.66
L24xT1 -0.02 -3.59 -12.29
L24xT2 0.02 -3.76 -12.44
L25xT1 0.26 -11.53 -19.52
L25xT2 -0.26 -18.12 -25.51
SE 0.97 1.45 1.45

SE (Sji-SKl)  1.37

-0.46 0.83 0.42 -0.7 -0.54
0.8 4.86** 4.43** 1.15 5.16**
-0.8 1.39 0.97 -1.15 0.81

-0.15 2.78* 2.35 0.26 1.9
0.15 1.67 1.24 -0.26 -0.27
0.35 2.36 1.94 0.26 1.22

-0.35 0.00 -0.41 -0.26 -0.95

-0.48 3.75** 3.32* -0.85 3.39*
0.48 3.47* 3.04* 0.85 3.93*
0.58 2.22 1.80 0.81 2.17

-0.58 -0.69 -1.11 -0.81 -1.36
0.13 2.92* 2.49 -0.3 2.44

-0.13 111 0.69 0.3 1.63

-0.65 1.67 1.24 -0.58 1.49
0.65 181 1.38 0.58 1.36

-0.42 2.08 1.66 -0.69 1.09
0.42 1.67 1.24 0.69 1.22
0.8 1.06 1.06 0.93 1.22
1.13 1.28

-0.27 0.36 61.46 167.2*
5.44** 0.11 26.02 108.55
1.09 -0.11 17.3 94.13
2.18 -0.30 13.04 87.08
0.00 0.30 52.23 151.92
1.50 0.14 -6.07 55.45
-0.68 -0.14 -18.46 34.93
3.67* 0.14 -35.12 7.38
4.22%* -0.14 -46.74 -11.86
2.45 -0.7 21.82 101.61
-1.09 0.7 108.07* 244.34**
2.72 -0.1 121.76* 266.99**
1.90 0.1 138.22** 294.23*
1.77 -0.21 58.23 161.86*
1.63 0.21 86.83 209.19**
1.36 -0.10 56.10 158.34*
1.50 0.10 72.17 184.93*
1.22 0.57 0.81 0.81
0.81

*=0.05 and **= 0.01 significant probability level. SCA = specific combining ability, SH = standard heterosis, SE = standard error, SE (sji-Skl) = standard error of the difference of specific combining

ability effects of line by testers.

standard heterosis for grain yield, some crosses
showed positive heterosis over both standard
checks. Maize hybrids that perform better than the
checks could be used for release as hybrid variety
after re-evaluation in multi-location trials.
Generally, the results obtained in this study could
be helpful to design appropriate breeding strategy
for developing QPM hybrids and synthetics
adapted to the mid altitude sub-humid agro-
ecologies of Ethiopia.
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