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Maize (Zea mays L.) is one of the cereals that provide calorie requirements in the majority of Ethiopians
diet. The national average maize yield in Ethiopia is low and thus knowledge of combining ability and
heterosis is a prerequisite to develop high yielding maize varieties. The objective of the present study is
to estimate combining abilities of double haploid (DH) maize inbred lines for grain yield and related
agronomic traits, and to identify crosses with higher standard heterosis. A total of 36 diallel crosses
generated by crossing nine maize DH lines using half diallel mating scheme and four standard checks
were studied for different desirable agronomic traits during 2017 cropping season at Ambo and
Kulumsa Agricultural Research Centers. The genotypes were evaluated in alpha lattice design
replicated twice in both locations. Analyses of variances showed significant mean squares due to
crosses for most traits studied. The highest grain yields were obtained from crosses L1 x L3, L3 x L8,
L4 x L8 and L8 x L9. GCA mean squares were significant for all studied traits, while SCA mean squares
were significant only for grain yield, days to anthesis, ear per plant and ear diameter. Relatively larger
GCA over SCA variances were observed in the current study for most studied traits revealing the
predominance of additive gene action in controlling these traits. Of the DH inbred lines, L3 and L8 were
the best general combiners for grain yield, and hence are promising parents for hybrid development.
Inbred lines L2, L4, L6, L7 and L8 were good combiners for earliness whereas, L1, L2 and L6 showed
negative and significant GCA effects for plant and ear height. In this study, none of the crosses showed
positive and significant standard heterosis for grain yield.

Key words: Combining ability, general combining ability, highland maize, standard heterosis, specific
combining ability.
INTRODUCTION

Currently, maize is one of the most important field crops greatest share of production and consumption along with
to fulfill food security in Ethiopia. It contributes the other major cereal crops, such as tef, wheat and sorghum
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Table 1. Description of testing sites.

. Temp (°C) : : :
Research center Altitude (masl) RF (mm) - Latitude Longitude Soil type
Min Max
Ambo 2225 1050 10.4 26.3 8°57'N 38°7’E Black vertisol
Kulumsa 2180 830 10 23.2 8°5'N 39°10'E Luvisol/eutric nitosols

(CSA, 2017). It has a significant importance in the diets of
rural Ethiopia and has gradually penetrated into urban
centers. This is particularly evidenced by green maize
cobs being sold at road sides throughout the country as a
hunger-breaking food available during the months of May
to August annually (Twumasi et al., 2012).

The high altitude sub-humid areas including the
highland transition and true highland of Ethiopia is next to
mid-altitude in maize production. It is estimated that the
highland sub-humid agro-ecology covers 20% of the land
devoted annually to maize cultivation and 30% of small-
scale farmers in the area depend on maize production for
their livelihood (Twumasi et al.,, 2001). In this agro-
ecology, maize production is characterized by low yields
owing to unimproved varieties coupled with biotic
constraints such as turcicum leaf blight, common leaf
rust, stalk lodging, stalk borers, and storage pests and
abiotic stresses such as frost, hailstorm and low solil
fertility (Twumasi et al., 2001). Because of these
constraints, the highland areas have been facing great
challenges in maize production which occasionally lead
to food insecurity, malnutrition, reduced income and
widespread poverty (Demissew et al., 2014). Therefore, it
remains important to develop high vyielding, nutritionally
enhanced and stress tolerant maize varieties which fit the
diverse highland agro-ecology of the country.

Combining ability studies are of primary importance in
maize hybrid development since it provides information
for the selection of parents, identification of promising
hybrids and on the nature and magnitude of gene
actions. On the other hand, heterosis occurs when two
inbred lines of out bred species are crossed, as much as
when crosses are made between pure lines. It is
practically exploited to develop hybrid varieties (George,
2007).

Several studies on combining ability and heterosis of
maize inbred lines for grain yield and yield related traits
were conducted for different sets of locally
developed/introduced inbred lines in Ethiopia (Hadji,
2004; Dagne et al., 2010; Demissew et al., 2011; Yoseph
et al.,, 2011; Shushay et al., 2013; Umar et al., 2014;
Girma et al., 2015; Beyene, 2016; Tolera et al., 2017,
Dufera et al., 2018). However, it is always mandatory for
any breeding program to generate such information for
any new batch of inbred lines generated locally or
received outside of the program. Currently, at Ambo
highland maize research program there are a humber of
new batches of inbred lines generated through different

methods of inbred line development. Little or no
information is available on the particular sets of new
inbred lines used for this study regarding the combing
ability effects of the parental lines to be used for future
hybrid development.

The focus of the current study was, therefore to
generate information on nine elite maize inbred lines
crossed using half diallel mating scheme following
Griffing (1956) with the objectives of identifying best
inbred lines having good general and specific combining
ability effects, and determine the magnitude of standard
heterosis for yield and yield related traits for further
breeding and/or cultivar development.

MATERIALS AND METHODS
Descriptions of experimental sites

The experimental sites used for this experiment were two
representative sites of highland sub-humid agro-ecology in Ethiopia,
viz., Ambo Agricultural Research Centre (AARC) and Kulumsa
Agricultural Research Centers (KARC) (Table 1).

Experimental materials

Nine inbred lines obtained from Ambo highland maize breeding
program were crossed using diallel mating design during the main
cropping season of 2016 and thirty-six single cross hybrids were
generated. The list of inbred lines and their origin is presented in
Table 2. The DH lines used in the crosses were originally obtained
from CIMMYT-Zimbabwe and were locally selected based on
previous field performances in test-cross evaluations for adaptation,
disease reaction and general combining ability by the highland
maize breeding program at AARC. The thirty-six F; crosses
together with four commercial hybrid checks: Arganne, Kolba, Jibat
and Wenchi were used in the hybrid trial evaluations in 2017.

Experimental design trial management and data collection

The 36 F; crosses plus the four hybrid commercial checks adapted
to the highland agro-ecology of Ethiopia were planted using alpha
lattice design (Patterson and Williams, 1976) with two replications
each of which have eight blocks with five entries in each of the
blocks. Design and randomization of the trials were generated
using CIMMYT’s Field book software (Bindiganavile et al., 2007).
The trials were hand planted with two seeds per hill, which later
thinned to one plant per hill at the 2-4 leaf stage to get a total plant
population of 53,333 per hectare. Reliable moisture level of the soil
was assured before planting so as to insure good germination and
seedling development. Pre-emergence herbicide, Premagram
Gold660 at the rate of 5 Itha™, was applied three days after
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Table 2. The list of inbred lines used to make the diallel crosses for the study.

Entry Pedigree

Seed Source

1 (INTA-F2-192-2-1-1-1-B*9/CML505-B)DH-3060-B-B-#

(LPSC7-C7-F64-2-6-2-1-B/CML488)DH-3033-B-B-#
(CML444/CML539)DH-3091-B-B-#
(CML144/CML159)DH-3049-B-B-#

(CML545/CML505)DH-10-B-#
(CML545/CML505)DH-44-B-#

0 ~NO b~ wN

B*6/CML505)DH-11-B-#
9 (CML312/CML442)DH-3002-B-B-#

([LZ956441/L.2966205]-B-3-4-4-B-5-B*7-B/DTPWC9-F109-2-6-1-1-B)DH-3001-B-B-#

([CML312/[TUXPSEQ]C1F2/P49-SR]F2-45-3-2-1-BB//INTA-F2-192-2-1-1-1-B*4]-1-5-1-2-1-

AHMBP*
AHMBP*
AHMBP*
AHMBP*
AHMBP*
AHMBP*
AHMBP*

AHMBP*
AHMBP*

*AHMBP = Ambo Highland Maize Breeding Program.

planting of the seeds to control weeds followed by hand weeding at
a later stage of crop emergence. Each entry was placed in a one-
row plot of 5.25 m long and 0.75 m x 0.25 m apart between and
within rows spacing, respectively. The recommended rate of
inorganic fertilizers, that is, 150 and 200 kg ha™ of DAP and urea,
respectively, were used. Urea was applied in two splits, viz., half of
it was applied when plants had six to eight leaves, and the
remaining half was applied at flag leaf emergence before flowering
at both sites. Other standard cultural and agronomic practices were
followed in trial management as per recommendations for the
areas.

The procedure of data collection followed CIMMYT’s manual for
managing trials and reporting data (CIMMYT, 1985). Data on grain
yield and other important agronomic traits were collected on a plot
and sampled plants base. Data collected on a plot basis include:
days to 50% anthesis (DA), days to 50% silking (DS), anthesis-
silking interval (ASI), grain yield (GY) (t -ha™), thousand kernel
weight (TKW) (g). Data collected on plant base include: ear height
(EH) (cm), plant height (PH) (cm), ear length (EL) (cm), ear
diameter (ED) (cm), number of ears per plant (EPP), number of
rows per ear (RPE), number of kernels per row (KPR).

Statistical analyses

Before data analyses, anthesis-silking interval (ASI) was normalized
using Iny A5T + 10 as suggested by Bolanos and Edmeades

(1996). Analysis of variance (ANOVA) per individual and across
locations was carried out using PROC MIXED method = type3
procedure in SAS (2003) by considering genotypes as fixed effects
and replications and blocks within replications as random effects for
individual site analyses. In the combined analyses, environments,
replications within environments and blocks within replications and
environments were considered as random while genotypes
remained as fixed effects following same procedure of Moore and
Dixon (2015). Combined analyses were performed for traits that
showed significant genotypic differences in the individual location
analyses, and after testing homogeneity of error variance using
Bartlett's test (Gomez and Gomez, 1984). In the combined
analyses, entry and location main effects were tested using entry x
location interaction mean squares as error term, while entry x
location interaction mean squares were tested against pooled error.

Combining ability analyses

Combining ability analyses were done for traits that showed

significant differences among genotypes and thus Griffing’s Method
IV (crosses only) and Model | (fixed) of diallel analyses (Griffing,
1956) was used to estimate combining ability effects and
associated standard errors using a modification of the DIALLEL-
SAS program (Zhang et al., 2005). The significance of GCA and
SCA effects were tested against the respective standard errors of
GCA and SCA effects, respectively, using t-test (Griffing, 1956;
Singh and Chaudhary, 1985). In the across locations combining
ability analyses, the significance of GCA and SCA mean squares
were tested using the corresponding interactions with location as
error term. The mean squares attributable to all the interactions with
locations were tested against pooled error.

The linear mathematical model developed by Griffing (1956) for
an observation made on the genotype for Method IV and model |
was used as follows:

1
Xij:,u"‘gi"'gj"‘sij"’_zzeijkl
bc &5
-1 j =1,..., P,
k =1,..., b,
1=1,...,cC.

Where, X; = the value of a character measured on cross of i and |"
parents; p = Population mean; g; (g;) = the general combing ability
effects of the i" and | parents, sj = the specific combing ability
effects of the crosses, ejx = is the error effect, p, b and ¢ = number
of parents, blocks and sampled plants, respectively.

Estimation of standard heterosis

Standard heterosis or economic heterosis was calculated for the
characters that showed significant differences for genotypes
following the method suggested by Falconer and Mackay (1996).
This was computed as percentage increase or decrease of the
cross performances over the best standard check. Kolba was used
as the best standard check.

SH (%) = " x 100

Where, F1 = Mean value of a cross, SV = Mean value of standard
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Table 3. Combined analyses of variance for grain yield and yield related traits of 36 diallel crosses and four hybrid checks evaluated at

Ambo and Kulumsa.

Sources of variation

Trait Loc Rep(Loc) Blk(Loc,rep) Genotype Genotype*Loc Error

(OF=1) (DF=2) (DF=28) (DF=39) (DF=39) (DF=50) Crandmean SEm) CV(%)
GY 228.90** 0.57™ 1.20* 4.81** 1.89%* 0.62 8.34 +0.56  9.48
DA 739.60** 3.70™ 3.13™ 41.56** 3.40™ 2.62 90.32 +1.14  1.79
DS 288.90** 6.23™ 4.59* 47 .64% 3.79" 2.71 92.25 +1.16 1.78
ASI 0.20** 0.0005™ 0.001™ 0.004** 0.003** 0.0015 1.23 +0.03  3.15
PH 48546.05*  694.08* 226.27" 951,19** 196.36" 183.59 214.36 +9.58  6.32
EPP 0.48** 0.008™ 0.03™ 0.08** 0.05" 0.02 1.42 +0.1  10.85
ED 1.64%* 0.17"™ 0.03"™ 0.11** 0.03** 0.03 4.53 +0.12  3.54
TKW 217378.16" 828.46"™ 1143.64"  4907.65** 1207.44" 1436.51 343.41 +26.8 11.04

**Significant at 0.01 level of probability; * = significant at 0.05 level of probability; ns = non-significant; Loc= location; Rep= replication; Blk= block;
DF= degrees of freedom; SE(m)= standard error of mean; GY= grain yield; DA= number of days to anthesis; DS= number of days to silking;
ASI= anthesis silking interval; PH= plant height; EPP= number of ears per plant; ED= ear diameter and TKWT =1000-kernel weight.

check, SH= Standard heterosis expressed as percentage. Variety
test of significance for percent heterosis was made using the t-test.
The standard errors of the difference for heterosis and t-value were
computed as follows (Singh, 1985).

t (standard cross) = £1==%
SE(d)

SE (d) for SH = /2MSe /r

Where, SE (d) = standard error of the difference, SH= standard
heterosis, Me = error mean square, r = number of replications. The
computed t value was tested against the t tabular-value at error
degree of freedom .

RESULTS AND DISCUSSION
Analyses of variance (ANOVA)

Combined analyses of variances revealed highly
significant (P<0.01) differences among the 40 genotypes
including checks for all traits studied under combined
analyses (Table 3). This indicates the presence of
inherent variation among the materials, which makes
selection possible. Desirable genes from these
genotypes can effectively be utilized to develop high
performing hybrids. Similarly, several previous studies
reported significant differences among genotypes for
grain yield and yield related traits in different sets of
maize genotypes (Dagne et al., 2007; Demissew, 2014;
Habtamu et al., 2015; Amare et al., 2016; Tolera et al.,
and Dufera et al., 2018).

The interaction between genotypes and locations (G x
LOC) was significant for grain yield, Anthesis-silking
interval and ear diameter, indicating that genotypes

performed differently across locations, which means that
the relative performances of the genotypes were
influenced by the varying environmental conditions for
these traits. On the other hand, days to anthesis, days to
silking, plant height, number of ears per plant and
thousand kernel weight showed non-significant difference
for genotype by location interaction (Table 2), indicating
that the relative performance of the genotypes for these
traits was not influenced by the varying environmental
conditions. Consistent with the present finding, Gudeta
(2007) reported significant G x LOC interaction for grain
yield, number of rows per ear and ear diameter and non-
significant G x LOC interaction for number of ears per
plant.

Genotypes performances

The combined means from across locations’ analyses are
given in Table 3. Overall mean grain yield of the
genotypes was 8.34 t/ha with a range of 6.16 t/ha to
11.07 t/ha. Kolba (11.07 t/ha) followed by Jibat (10.91
t/ha), Wenchi (10.43 t/ha) and Argane (10.15t/ha) had
higher grain yield, while crosses L5 x L9 (6.16 t/ha) and
L2 x L9 (6.74 t/ha) showed lower grain yield. The high
heritability value (0.64) for this trait indicated more
contributions of genetic factors rather than environmental
effects on this trait, implying selection for this character
could be more effective. In line with this, Dagne et al.
(2010), Amare et al. (2016); Beyene (2016), Dufera et al.
(2018) also identified genotypes that performed better
than the checks used in their studies for grain yield.

Days to anthesis ranged from 84.25 days (L4 x L6) to
102 days (L5 x L9) with overall mean of 90.33 days.
Mean number of days to silking was 92.26 with a range of
85.5 (L4 xL6) to 103.5 (L5 x L9). 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). The heritability values for both days to
anthesis and silking were very high (0.92 and 0.93
respectively) indicating the traits were not greatly
influenced by environment. Thus, it shows selection for
these traits could be more effective and easy since the
genetic variability was detected clearly because of low
environmental influence (Table 4). Anthesis-silking
interval ranged from 1.14 days (L2 x L8) to 1.29 days (L4
x L5) with a mean of 1.23 days (Table 4). In general, all
crosses exhibited short ASI or short gaps between
anthesis and silking days which is a desired character for
good seed setting. The positive ASI observed for all of
the genotypes studied is an expected result as maize is a
protoandrous plant in which anthesis normally begins 1-3
days before silk emergence (Rahman et al., 2013).

Plant height ranged from 185.25 cm (L2 x L6) to 251.25
cm (Kolba) with a mean of 214.37 cm. Genotypes with
shorter plant height could be used as sources of genes
for the development of shorter statured varieties for
highland agro-ecology of Ethiopia. In agreement with this
result, Beyene (2016), Abiy (2017) and Tolera et al.
(2017) also identified genotypes with short and long plant
and ear heights. Mean number of ears per plant of
genotypes was 1.42 ranged from 1.18 (L1 x L7) to 1.74
(L1 x L3). Seven crosses exhibited higher number of ears
per plant than the best check, Kolba (Table 4).
Desirability of higher number of ears for grain yield
improvement was suggested by various authors such as
Dagne et al. (2010), Demissew et al. (2011), Girma et al.
(2015), Ram et al. (2015), Amare et al. (2016).

The mean for ear diameter ranged from 4.05 to 5.05
cm with overall mean of 4.53 cm. The cross L3 x L9 (4.05
cm) had the smallest diameter as compared to other
hybrids, while cross L4 x L8 (5.05 cm) displayed the
largest ear diameter. The crosses with wider ear diameter
could be used for grain yield improvement since
increasing ear diameter could lead to increase in number
of rows per ear. Thousand kernel weight ranged from
214.18 g for (L3 x L9) to 410.9 g for (Jibat) with overall
mean of 343.41 g.

Standard heterosis

The estimate of standard heterosis over the best
standard check (Kolba) was computed for grain yield and
yield related traits that showed significant differences
among genotypes and the result is presented in Table 5.
Standard heterosis for grain yield over the best check
Kolba ranged from -44.35% (L5 x L9) to -8.31% (L1 x L3).
Out of the 36 hybrids studied, none of the hybrids had
positive and significant as well as negative and significant
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heterosis over the standard check Kolba (Table 5). All
hybrids exhibited non-significant and negative standard
heterosis over the best standard check Kolba. This
indicates that the check hybrid Kolba was more prolific
than all the F1 hybrids and indicating lack of significant
heterosis among the crosses used in the current study.
The highest negative standard heterosis was manifested
by L5 x L9 (-44.35 %) followed by L2 x L9 (-39.11 %) and
L1 x L7 (-36.49 %) over Kolba for grain yield. Positive
standard heterosis was considered to be desirable for
grain yield as it indicates increased yield over the existing
standard check. In contrast to this finding, several other
authors reported positive and significant heterosis for
grain yield over best standard check indicating the
possibility of increasing vyield by exploiting heterotic
potential of maize genotypes (Tiwari, 2003; Twumasi et
al.,, 2003; Amiruzzaman et al., 2010; Wali et al., 2010;
Habtamu et al., 2015; Ziggiju and Legesse, 2016; Dufera
et al., 2018).

Negative standard heterosis was considered as
desirable for days to anthesis and silking as it indicates
earliness of a genotype and the reverse is true for the
crosses with positive and significant standard heterosis.
Standard heterosis over best check Kolba ranged from -
3.71 to 16.57% and -5.00 to 15.00%, respectively, for
days to anthesis and silking which was revealed by
crosses (L4 x L6) and (L5 x L9), respectively, for both
traits. Out of the 36 hybrids studied, ten crosses exhibited
negative and non-significant standard heterosis for days
to anthesis, while twenty of the hybrids showed
significant heterosis and the rest six hybrids exhibited
positive and non-significant heterosis for days to anthesis
in undesired direction. For days to silking, out of 36
hybrids, twelve crosses revealed negative heterosis,
while only two crosses (L4 x L6) and (L6 x L8) revealed
significant heterosis in desired direction over best
standard check. Twenty four crosses showed positive
heterosis over best standard check. Among them,
seventeen of the crosses revealed significant heterosis in
undesired direction. Negative heterosis for these traits
indicated earliness as compared to the standard check
(Kolba). Similar to this study, Natol et al. (2017) also
reported negative and non-significant, and positive and
significant heterosis for days to anthesis and silking in
their study on standard heterosis of maize inbred lines for
grain yield and yield related traits at southern Ethiopia. In
addition, previous investigators reported significant
negative and positive standard heterosis for days to
anthesis and silking over standard check (Bayisa, 2004;
Mahantesh, 2006; Shushay, 2014; Ziggiju and Legesse,
2016; Abiy, 2017).

For anthesis silking interval, standard heterosis ranged
from -9.52 % (L2 x L8) to 2.38 % (L4 x L5) over Kolba.
Almost all crosses showed negative standard heterosis
over the best check for anthesis silking interval, indicating
the tendency of the crosses to have short interval
between anthesis and silking dates than Kolba, which is
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Table 4. Mean values of yield and yield related traits of 36 diallel crosses and four commercial checks evaluated at
Ambo and Kulumsa in 2017.

Traits

Genotype

GY DA DS ASI PH EPP ED TKW
L1*L2 8.80 87.25 88.50 1.21 199.75 1.37 4.53 379.10
L1*L3 10.05 91.75 94.50 1.27 210.75 1.74 4.50 306.48
L1*L4 7.87 88.00 90.25 1.25 198.00 1.22 4.88 363.33
L1*L5 9.03 92.75 95.25 1.26 228.75 1.38 4.58 335.78
L1*L6 7.09 87.00 89.50 1.26 187.50 1.20 4.53 377.33
L1*L7 7.03 88.50 90.50 1.24 192.00 1.18 4.43 358.48
L1*L.8 8.25 88.00 89.50 1.21 207.75 1.29 4.83 370.28
L1*L9 7.49 92.75 95.50 1.27 218.75 131 4.70 326.03
L2*1.3 8.96 91.00 93.25 1.25 219.25 1.62 4.35 329.10
L2*L4 8.85 86.75 88.50 1.23 205.50 1.44 4.60 343.85
L2*L5 7.48 92.75 94.75 1.24 216.75 1.23 4.45 357.15
L2*L6 7.44 86.25 87.25 1.19 185.25 1.48 4.35 350.35
L2*L7 9.06 88.50 90.00 1.22 209.00 154 4.40 378.85
L2*L.8 8.07 88.50 88.50 1.14 202.25 1.27 4.65 381.90
L2*L9 6.74 94.75 96.00 1.21 212.75 1.41 4.40 276.68
L3*L4 8.55 91.75 94.25 1.26 232.50 1.39 4.48 313.25
L3*L5 8.00 96.00 98.25 1.25 237.50 1.44 4.40 290.83
L3*L6 8.75 91.25 92.75 1.22 199.00 1.66 4.33 330.23
L3*L7 7.41 92.00 94.75 1.27 219.50 1.47 4.25 306.90
L3*L8 9.68 92.50 95.50 1.28 224.25 1.71 4.43 328.65
L3*L9 7.34 98.75 100.50 1.23 226.00 1.63 4.05 214.18
L4*L5 8.03 90.50 93.75 1.29 204.50 1.37 4.43 316.20
L4*L6 7.54 84.25 85.50 1.21 194.50 1.23 4.58 312.90
L4*L7 8.78 86.75 89.50 1.27 207.00 1.36 4.75 384.00
L4*L.8 9.41 86.50 87.00 1.17 228.50 1.30 5.05 378.73
L4*L9 7.59 91.25 93.50 1.25 213.25 141 4.58 312.10
L5*L6 7.29 91.00 92.25 1.21 208.75 1.36 4.48 359.75
L5*L7 7.54 93.50 96.00 1.26 232.25 1.29 4.63 334.38
L5*L8 8.13 93.00 95.00 1.24 240.25 1.49 4.73 308.53
L5*L9 6.16 102.00 103.50 1.22 224.00 1.30 4.58 274.20
L6*L7 7.18 86.25 87.50 1.21 188.25 1.25 4.45 405.68
L6*L8 8.01 85.75 86.25 1.17 191.75 1.42 4.63 399.95
L6*L9 7.62 92.50 94.75 1.25 200.75 1.59 4.43 327.28
L7*L8 8.23 86.50 89.00 1.26 198.25 1.26 4.65 389.18
L7*L9 8.42 92.25 94.75 1.26 226.00 1.55 4.40 327.98
L8*L9 9.26 91.75 93.25 1.22 235.50 1.63 4.70 301.28
Argane 10.15 87.75 89.50 1.23 222.50 1.48 4.50 383.55
Kolba 11.07 87.50 90.00 1.26 251.25 1.57 4.55 408.03
Jibat 10.91 88.75 90.00 1.19 239.75 1.55 4.55 410.90
Wenchi 10.43 88.50 91.50 1.28 235.00 1.54 4.50 383.18
Mean 8.34 90.33 92.26 1.23 214.37 1.42 4.53 343.41
LSD (0.05 1.12 2.30 2.34 0.055 19.24 0.22 0.23 53.83
CV (%) 9.48 1.79 1.78 3.15 6.32 10.9 3.54 11.04
R? 0.95 0.96 0.96 0.88 0.92 0.86 0.88 0.89
H? 0.64 0.92 0.93 0.12 0.81 0.37 0.76 0.81
Min 6.16 84.25 85.5 1.14 185.25 1.18 4.05 214.18
Max 11.07 102 103.5 1.29 251.25 1.74 5.05 410.9

GY= grain yield; DA= number of days to anthesis; DS= number of days to silking; ASI= anthesis silking interval; PH= plant height;
EH= ear height; EPP= number of ears per plant; EL= ear length; ED= ear diameter; RPE= number of kernel rows per ear; KPR=
number of kernels per row; and TKWT =1000-kernel weight; R* = Coefficient of determination; H>= heritability in broad sense;
Min= minimum; Max= maximum.



desirable for synchronization of anthesis and silking, and
for seed setting. In line with this study, Dufera et al.
(2018) reported negative standard heterosis over best
checks in their study on combining ability, heterosis and
heterotic grouping of quality protein maize inbred lines at
bako, western Ethiopia. The magnitude of standard
heterosis for plant height ranged from -26.27 % (L2 x L6)
to -4.38 (L5 x L8) (Table 4). For this trait, all of the
crosses showed negative and non-significant heterosis
over the best check. This implies that all crosses were
shorter in plant height than kolba, which is favorable trait
for lodging resistance. This result is in agreement with the
findings of Shushay (2014).

For number of ears per plant, standard heterosis
among hybrids varied from -24.84 (L1 x L7) to 10.83 %
(L1 x L3). Seven hybrids showed positive standard
heterosis over the check kolba. This result indicated the
prolificacy of the new hybrids over the standard check,
Kolba. The rest 29 crosses showed negative standard
heterosis over best check and are undesirable for high
number of ear per plant. Similarly significant positive and
negative standard heterosis was observed by Koppad
(2007), Shushay (2014) and Ziggiju and Legesse, 2016
for number of ears per plant.

Standard heterosis for ear diameter varied between -
10.99 (L3 x L9) and 10.99 % (L4 x L8) over kolba (Table
5). Sixteen crosses showed positive heterosis over best
standard check. Among them only one cross (L4 x L8)
showed significant and positive standard heterosis over
kolba. Among twenty crosses those showed negative
standard heterosis, only one hybrid (L3 x L9) had
negative and significant standard heterosis over Kolba for
ear diameter. Positive standard heterosis shows that the
F1 crosses had larger ear diameter than the standard
check which is important to increase number of kernel
rows per ear and thus important to increase grain yield
while negative heterosis depicts that the check hybrids
had larger ear diameter than the F1 hybrids. Similar
result was previously reported by Beyene (2016).
Standard heterosis for thousand kernel weight varied
from -47.51 (L3 x L9) to -0.58 % (L6 x L7). All of the
crosses showed negative and non-significant standard
heterosis over the standard check Kolba (Table 5).
Similar to the current study, both desirable and
undesirable heterosis for thousand kernel weight in maize
has been reported by previous investigators
(Amiruzzaman et al., 2010; Shushay, 2014).

Combining ability analyses

Combining ability analysis across the two locations is
presented in Table 6. The results showed that mean
squares due to GCA and SCA were significant for grain
yield, days to anthesis, number of ears per plant and ear
diameter. This indicates that both additive and non-
additive gene actions are important in the inheritance of
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these traits. Reports on similar studies by Dagne et al.
(2007) showed that both GCA and SCA mean squares
were significant for ear height, plant height and days to
maturity. Similarly, Yoseph et al. (2011) observed
significant GCA and SCA for anthesis date, anthesis
silking interval, ear height and plant height in elite maize
inbred lines developed by CIMMYT for insect resistance.
The contribution of GCA variances was much greater
than that of SCA variances for most of the traits except
for grain yield at Kulumsa and across locations, number
of ears per plant at Ambo and anthesis silking interval at
both - Ambo and Kulumsa, which showed higher
contribution of SCA variance for these traits at these
particular locations. The higher percentage relative
contribution of GCA sum of squares over SCA sum of
squares showed the predominant role of additive gene
action over non-additive gene action in the inheritance of
the traits studied. The breeding implication of this
predominance of additive gene action is that the
genotypes having this character can be used to develop
hybrid and/or synthetic varieties. Similar results were
reported by other authors in their study on combining
ability for yield and yield related traits in maize (Chandel
and Mankotia, 2014; Amare et al., 2016; Beyene, 2016;
Bitew et al., 2017 and Tolera et al., 2017). They reported
predominance of additive gene action over non-additive
for most of the traits they studied.

GCA and SCA mean squares were significant for grain
yield across the two locations. This significant GCA and
SCA mean squares indicated the importance of both
additive and non-additive gene actions in governing grain
yield. This has breeding implications, since hybridization
methods such as reciprocal recurrent selection which
utilizes both additive and non-additive gene effects
simultaneously, could be useful in genetic improvement
of the population characters under consideration. Similar
to the present study Hadji (2004) found highly significant
mean squares due to GCA and SCA for grain yield in
diallel study of quality protein maize inbred lines. In
addition, Dagne et al., 2011; Demissew et al., 2011,
Shushay et al., 2013 and Bitew et al., 2017 also reported
the importance of both additive and non-additive gene
actions in governing grain yield in maize.

For number of days to anthesis and silking, mean
squares due to GCA were significant at across the two
locations. Mean square due to SCA was significant for
days to anthesis but for days to silking, mean square due
to SCA was non-significant. In agreement with this study,
Tolera et al. (2017) found the importance of both additive
and non-additive gene effects for days to anthesis. GCA
sum of squares were larger than SCA sum of squares for
anthesis and silking dates. In line with this study, Ahmad
and Saleem (2003) reported the preponderance of
additive gene action in the inheritance of days to anthesis
and silking.

For plant height, mean squares due to GCA were
highly significant (p<0.01). While it showed non-significant
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Table 5. Standard heterosis of F1 hybrids over Kolba for grain yield and related traits evaluated at Kulumsa and Ambo in 2017.

Crosses GY DA DS ASI PH EPP ED TKW
L1*L2 -20.51™ -0.29™ -1.67™ -3.97™ -20.5™ -12.74"™ -0.44™ -7.09™
L1*L3 -8.31"™ 4.86* 5.00%* 0.79" -16.12"™ 10.83"™ -1.10™ -24.89"
L1*L4 -28.91" 0.57" 0.28" -0.79"™ -21.19™ -22.29" 7.25" -10.96"™
L1*L5 -18.43™ 6.00** 5.83* 0.00™ -8.96™ -12.10™ 0.66™ -17.71™
L1*L6 -35.95" -0.57™ -0.56"™ 0.00"™ -25.37™ -23.57™ -0.44" -7.52"
L1*L7 -36.49™ 1.14" 0.56™ -1.59™ -23.58™ -24.84"™ -2.64™ -12.14™
L1*L8 -25.47" 0.57" -0.56"™ -3.97™ -17.31™ -17.83"™ 6.15" -9.25"
L1*L9 -32.34™ 6.00** 6.11* 0.79™ -12.94" -16.56™ 3.30™ -20.10™
L2*L3 -19.06" 4.00* 3.61"™ -0.79"™ -12.74"™ 3.18™ -4.40™ -19.34"™
L2*L4 -20.05™ -0.86™ -1.67™ -2.38™ -18.21™ -8.28™ 1.10™ -15.73™
L2*L5 -32.43"™ 6.00** 5.28%* -1.59"™ -13.73™ -21.66" -2.20™ -12.47™
L2*L6 -32.79™ -1.43™ -3.06™ -5.56™ -26.27™ -5.73™ -4.40™ -14.14™
L2*L7 -18.16™ 1.14" 0.00™ -3.17™ -16.82" -1.91™ -3.30™ -7.15™
L2*L8 -27.10™ 1.14" -1.67™ -9.52™ -19.50™ -19.11™ 2.20™ -6.40"™
L2*L9 -39.11™ 8.29%* 6.67* -3.97™ -15.32"™ -10.19™ -3.30™ -32.19™
L3*L4 -22.76™ 4.86* 4.72% 0.00™ -7.46™ -11.46™ -1.54™ -23.23™
L3*L5 -27.73™ 9.71% 9.17** -0.79™ -5.47™ -8.28™ -3.30™ -28.72"™
L3*L6 -20.96™ 4.29% 3.06"™ -3.17"™ -20.80™ 5.73" -4.84" -19.07™
L3*L7 -33.06™ 5.14%* 5.28** 0.79™ -12.64"™ -6.37™ -6.59™ -24.78™
L3*L8 -12.56™ 5.71% 6.11** 1.59"™ -10.75"™ 8.92" -2.64™ -19.45™
L3*L9 -33.69™ 12.86** 11.67* -2.38™ -10.05™ 3.82" -10.99** -47.51™
L4*L5 -27.46™ 3.43™ 4.17* 2.38"™ -18.61™ -12.74™ -2.64™ -22.51™
L4*L6 -31.89™ -3.71™ -5.00%* -3.97™ -22.59™ -21.66™ 0.66™ -23.31™
L4*L7 -20.69™ -0.86"™ -0.56™ 0.79" -17.61™ -13.38™ 4.40™ -5.89™
L4*L8 -15.00™ -1.14™ -3.33™ -7.14™ -9.05™ -17.20™ 10.99** -7.18™
L4*L9 -31.44" 4.29* 3.89* -0.79™ -15.12"™ -10.19™ 0.66™ -23.51™
L5*L6 -34.15™ 4.00* 2.50™ -3.97™ -16.92" -13.38™ -1.54™ -11.83™
L5*L7 -31.89™ 6.86** 6.67* 0.00™ -7.56™ -17.83™ 1.76"™ -18.05™
L5*L8 -26.56" 6.29* 5.56%* -1.59"™ -4.38™ -5.10™ 3.96™ -24.39"
L5*L9 -44.35™ 16.57* 15.00** -3.17™ -10.85"™ -17.20™ 0.66™ -32.80™
L6*L7 -35.14™ -1.43"™ -2.78™ -3.97™ -25.07™ -20.38™ -2.20™ -0.58™
L6*L8 -27.64™ -2.00™ -4.17* -7.14™ -23.68™ -9.55™ 1.76"™ -1.98™
L6*L9 -31.17™ 5.71% 5.28%* -0.79™ -20.10™ 1.27™ -2.64™ -19.79™
L7*L8 -25.65™ -1.14™ -1.11™ 0.00™ -21.09™ -19.75™ 2.20™ -4.62™
L7*L9 -23.94™ 5.43** 5.28%** 0.00"™ -10.05™ -1.27" -3.30™ -19.62"
L8*L9 -16.35™ 4.86* 3.61™ -3.17™ -6.27"™ 3.82"™ 3.30™ -26.16"™
Kolba (mean) 11.07 87.50 90.00 2.50 251.25 1.57 4.55 408.03
SE(d) 0.79 1.62 1.65 0.04 13.55 0.14 0.17 37.90

**Significant at 0.01 level of probability; * = significant at 0.05 level of probability; ns = non-significant; SE(d)= standard error of difference;
GY= grain yield; DA= number of days to anthesis; DS= number of days to silking; ASI= anthesis silking interval; PH= plant height; EPP=
number of ears per plant; ED= ear diameter and TKWT =1000-kernel weight.

SCA mean square across locations (Table 6). In this
study, additive gene action than non-additive gene action
was important for plant height. In consistent with this
finding, Dagne (2002), Hadji (2004) and Demissew et al.
(2011) reported the importance of additive and non-
additive gene action in the inheritance of plant height.
Combining ability analyses revealed highly significant

GCA and SCA effects for ear per plant. Similar to the
present study, Malik et al. (2004) reported significant
GCA and SCA mean squares for number of ears per
plant in a diallel study of nine quality protein maize (QPM)
inbred lines.

Both GCA and SCA mean squares for ear diameter
were significantly different (p<0.05) across the two
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Table 6. Across locations combing ability analyses of variance for grain yield and other agronomic traits of 36 diallel crosses evaluated

at Ambo and Kulumsa (2017).

Mean squares

Source of variation

DF GY DA DS PH EPP ED TKW
Location (LOC) 1 201.17**  720.03*  315.06*  43646.17* 0.29** 1.65%* 189667.5**
Replication (LOC) 2 0.71™ 5.14"™ 8.26™ 730.03* 0.0042 " 0.17** 1393.92"
Crosses 35 3.12%* 57.57** 66.16% 952.29%* 0.09** 0.14** 6551.29**
GCA 8 5.89* 235.78%  274.24**  3189.48* 0.23** 0.47** 22818.03**
SCA 27 2.30* 4.76* 451" 289.42"™ 0.05** 0.04* 1731.52"™
GCA*LOC 8 3.20%* 7.40* 3.87™ 263.14™ 0.09** 0.03™ 953.31™
SCA*LOC 27 1.50* 4.45" 3.14™ 239.98"™ 0.04* 0.03™ 1725.43"™
Error 70 0.81 2.87 3.33 189.83 0.02 0.03 1331.38
% GCA 43.18 93.62 94.74 76.55 55.91 76.54 79.61
% SCA 56.82 6.38 5.26 23.45 44.09 23.46 20.39

**Significant at 0.01 level of probability, * = significant at 0.05 level of probability, ns = non-significant, GY= grain yield, DA= number of days to
anthesis, DS= number of days to silking, PH= plant height, EPP= number of ears per plant, ED= ear diameter and TKW=1000-kernel weight.

locations indicating that both additive and non-additive
gene effects were important in agreement with the study
of Dagne (2002), Hadji (2004) and Gudeta (2007). Mean
squares due to GCA for thousand kernel weight were
highly significant (p<0.01) across locations (Table 6) but
mean squares due to SCA were not significant. This
study showed additive than non-additive gene actions
were important in governing this trait. In contrast to this
finding, Dagne (2002), Dagne et al. (2007), Gudeta
(2007) and Beyene (2016) reported the importance of
both additive and non-additive gene actions for this trait.

GCA x Loc mean squares were significant for grain
yield, days to anthesis and ears per plant indicating that
GCA effects associated with parents were not consistent
for these traits over the two environments (Table 6). But
the interaction was not significant for days to silking, plant
height, ear diameter and thousand kernel weight,
indicating that GCA effects associated with parents were
consistent over the two environments. SCA x Loc mean
squares were significant for grain yield and ear per plant
showing that SCA effects of these traits associated with
crosses were not consistent over the two environments,
while, SCA x Loc showed non-significant mean squares
for the rest of traits, indicating that SCA effects
associated with crosses were consistent over the two
environments. Similar findings were reported by Dagne et
al. (2007) in their study on heterosis and combining ability
for grain yield and its component in selected maize inbred
lines.

General combining ability effects

The general combining ability effects of parental inbred
lines were computed for the traits exhibited significant
general combining ability (GCA) mean squares in

combining ability analyses of variance (Table 6). The
Estimates of GCA effects for parental lines showed
significant differences for various traits. General
combining ability effects of grain yield and related
agronomic traits for across locations analyses are
presented in Table 7.

GCA effects of lines for grain yield ranged between -
0.59 t/ha (L9) to 0.61 t/ha (L3) (Table 7). Five inbred lines
showed positive GCA effects for grain yield. Two inbred
lines L3 (0.61 t/ha) and L8 (0.62 t/ha) showed positive
and significant GCA effects. This indicates the potential
advantage of these inbred lines for the development of
high-yielding hybrids and/or synthetic varieties, as the
lines can contribute desirable alleles in the synthesis of
new varieties. Four inbred lines (L5, L6, L7 and L9)
showed negative and non-significant GCA (Table 7),
indicating these lines were poor combiners for grain yield.
Results of the current study are similar to the findings of
several authors (Kanagarasu et al., 2010; Yoseph et al.,
2011; Girma et al., 2015; Amare et al.,, 2016; Beyene,
2016; Dufera et al., 2018) who reported significant
positive and negative GCA effects for grain yield in maize
germplasm.

GCA effects of lines for days to anthesis ranged
between -2.90 (L6) to 4.49 (L9), while for days to silking it
ranged from -3.44 (6) to 4.56 (L9) (Table 7). Six inbred
lines (L1, L2, L4, L6, L7 and L8) showed negative and
significant GCA effects for days to anthesis. This
indicates that these lines were good general combiners
for early maturity while three inbred lines (L3, L5 and L9)
exhibited significant and positive GCA effects for days to
anthesis and that these lines have tendency to increase
late maturity. L9 had higher and positive GCA effect for
days to silking (4.45) whereas L6 had lower and negative
GCA effect (-3.44). All the three inbred lines which
showed positive GCA effects had significant GCA effects
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Table 7. Estimates of general combining ability effects (GCA) of nine inbred lines across the two locations

(2017).

Line GY DA DS PH EPP ED TKW
L1 0.14™ -1.22% -0.90* -7.35™ -0.09** 0.10** 16.66 "
L2 0.09™ -1.26% -1.87* -6.32" 0.01™ -0.07* 13.82™
L3 0.61* 2.92% 3.42% 10.58** 0.19** -0.21** -40.08**
L4 0.26™ -2.69** -2.51%* -1.57"™ -0.08* 0.15** 3.45"™
L5 -0.44"™ 3.85% 4.14% 14.00** -0.06™ 0.0008 ™ -17.62"™
L6 -0.54" -2.90** -3.44** -19.85** -0.02" -0.07* 23.33*
L7 -0.15™ S1.47% -1.12% -3.21™ -0.06™ -0.04™ 26.46**
L8 0.62* S1.72% -2.26%* 4.83™ 0.01™ 0.20** 22.61*
L9 -0.59 " 4.49%* 4.56** 8.89* 0.08* -0.06 " -48.64**
SE(gs) 0.31 0.57 0.44 4.45 0.034 0.037 10.01

**Significant at 0.01 level of probability, * = significant at 0.05 level of probability, ns = non-significant, GY= grain yield,
DA= number of days to anthesis, DS= number of days to silking, PH= plant height, EPP= number of ears per plant, ED=

ear diameter and TKW=1000-kernel weight.

for days to silking while six inbred lines exhibited
significant and negative GCA effects for this trait. L1 (-
0.90), L2 (-1.87), L4 (-2.51), L6 (-3.44), L7 (-1.12) and L8
(-2.26) were the best general combiners for early maturity
(Table 7). Lines with negative and significant GCA effects
for days to anthesis and silking are desirable when the
objective is to develop early maturing hybrids, as hybrids
generated using these lines tend to flower earlier.
Similarly, lines with positive and significant GCA effects
for days to flowering are desirable when the objective is
to develop late maturing hybrids. Thus, there is possibility
of making effective selection for these traits, which could
lead to considerable genetic improvement for earliness
and lateness. Desirability of negative GCA for days to
anthesis and silking for earliness and desirability of
positive GCA for these traits for lateness was suggested
by various authors such as Shushay et al. (2013), Umar
et al. (2014), Girma et al. (2015), Beyene, (2016) and
Abiy (2017).

Even though five inbred lines showed negative GCA
effects for plant height in combined analyses across
locations (Table 7), only one inbred line L6 (-19.85)
showed significant GCA effect, implying the tendency of
this line to reduce plant height, which is very important for
development of genotypes resistant to lodging. All the
four inbred lines that showed positive GCA (L3, L5, L8
and L19) were poor general combiners for short plant
height as they showed positive and significant GCA
effects. In line with the present study, Dagne et al.
(2010), Demissew et al. (2011) and Dufera et al. (2018)
found significant positive and negative GCA effects for
plant height.

For number of ears per plant, four inbred lines showed
positive GCA effects among them two inbred lines L3
(0.19) and L9 (0.08) had significant GCA effects. L3 had
positive and highly significant GCA effect for number of
ears per plant, hence, it was the best general combiner

for prolificacy. Two inbred lines L1 (-0.09) and L4 (-0.08)
showed significantly negative GCA effects for ears per
plant, hence are considered as poor combiners for
number of ears per plant. L1 had the smallest GCA effect
of -0.09 for ears per plant. Similar to the present findings,
Dagne et al. (2007) reported significant positive and
negative GCA effects for number of ears per plant.

In combined analyses across the two locations, four
inbred lines showed positive GCA effects for ear diameter
among them three inbred lines had significant GCA
effects. L1 (0.1), L4 (0.15) and L8 (0.20) were the best
general combiners for ear diameter, that is these lines
have the tendency to increase ear diameter as they had
highly significant and positive GCA effect (Table 7). On
the other hand, three inbred lines had significantly
negative GCA effects. The present study is in agreement
with Melkamu (2013), Rahman et al. (2013) and Habtamu
(2015) who reported significant positive and negative
GCA effects for ear diameter.

Significantly positive and negative GCA effects were
obtained for thousand kernel weight across the two
locations. From a total of six inbred lines which showed
positive GCA effects for thousand-kernel weight, three of
the inbred lines L6 (23.33), L7 (26.46) and L8 (22.61)
showed significant and positive GCA effects, indicating
that the inbred lines were the best general combiners for
thousand-kernel weight. On the other hand, L3 (-40.08)
and L9 (-48.64) showed negative and significant GCA
effects, which are undesirable. In support of this findings,
Amiruzzaman et al. (2010) and Demissew et al. (2011)
recorded significant positive and negative GCA effects for
thousand kernel weights.

Specific combining ability effects

Specific combining ability effects for grain yield and
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Table 8. Estimates of specific combining ability effects (SCA) of 36 diallel crosses

evaluated at Ambo and Kulumsa in 2017.

Crosses GY EPP ED
L1*L2 0.47"™ -0.84™ 0.04™ -0.032"™
L1*L3 1.47* -0.52"™ 0.22%* 0.08™
L1*L4 -0.64™ 1.34™ -0.03"™ 0.09™
L1*L5 1.23"™ -0.45™ 0.12"™ -0.06"
L1*L6 -0.59"™ 0.55™ -0.11"™ -0.036"™
L1*L7 -1.27™ 0.63™ -0.09" -0.16"
L1*L8 -0.60"™ 0.38"™ -0.05" -0.0071"™
L1*L9 -0.15™ -1.09™ -0.09"™ 0.13™
L2*L3 0.18™ -1.23™ 0.0012" 0.10™
L2*L4 0.39™ 0.13™ 0.101" -0.01™
L2*L5 -0.27™ -0.41"™ -0.13™ -0.007"™
L2*L6 -0.21"™ -0.16™ 0.07™ -0.035"™
L2*L7 1.02™ 0.66™ 0.17* -0.014™
L2*L8 -0.73™ 0.91"™ -0.16* -0.007"™
L2*L9 -0.86" 095" -0.09™ 0.0036 "
L3*L4 -0.39"™ 095" -0.13™ 0.00™
L3*L5 -0.24"™ -1.34™ -0.11"™ 0.08™
L3*L6 0.61" 0.66" 0.07" 0.08"
L3*L7 -1.33™ -0.02"™ -0.09"™ -0.03™
L3*L8 0.38™ 0.73™ 0.09™ -0.096 "
L3*L9 -0.76 ™ 0.77"™ -0.05" -0.21*
L4*L5 0.11"™ -1.23™ 0.102" -0.26**
L4*L6 -0.28™ -0.73™ -0.09" -0.04"
L4*L7 0.57"™ 0.34™ 0.08™ 0.11™
L4*L8 0.43™ 0.34™ -0.04" 0.16™
L4*L9 -0.19™ -1.13™ 0.00053 "™ -0.05"
L5*L6 0.18" -0.52" 0.03" 0.014™
L5*L7 0.04™ 0.55™ -0.0063 "™ 0.14™
L5*L8 -0.14"™ 0.30™ 0.125™ -0.007"™
L5*L9 -0.91™ 3.09* -0.128" 0.104"
L6*L7 -0.21"™ 0.05™ -0.09" 0.032"
L6*L8 0.15" -0.19"™ 0.0087 "™ -0.04™
L6*L9 0.66" 0.34" 0.12" 0.025"
L7*L8 -0.33™ -0.88"™ -0.10™ -0.04"™
L7*L9 1.07™ -1.34™ 0.12" -0.03™
L8*L9 1.14" -1.58"™ 0.13™ 0.03™
SE(si) 0.75 0.083 0.09

**Significant at 0.01 level of probability, * = significant at 0.05 level of probability, ns = non-
significant, GY= grain yield, DA= number of days to anthesis, DS= number of days to silking, PH=
plant height, EPP= number of ears per plant, ED= ear diameter and TKW=1000-kernel weight.

related agronomic traits for across location is presented
in Table 8. The crosses showed considerable variation in
their SCA effects for the different traits.

In combined analyses across the two locations, positive
SCA effects were found in seventeen of the crosses for
grain yield. The cross L1 x L3 was the only best positive
and significant (p<0.05) cross combination with SCA
value of 1.47. Thus, this cross could be selected for its

specific combining ability to improve grain yield. Crosses
with higher value of SCA effects also showed higher
values of mean grain vyield, indicating good
correspondence between SCA effects and mean grain
yield. Hence such cross combinations could effectively be
exploited in hybrid breeding program in maize research.
Nineteen crosses showed negative SCA effects for grain
yield (Table 8) which are undesirable as these crosses
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showed a tendency to reduce grain yield performance. In
line with the current finding, Kamara et al. (2014), Girma
al. (2015), Ram et al. (2015), Bullo and Dagne (2016)
reported significant positive and negative SCA for grain
yield. 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 hybridization.

For days to anthesis, only one cross L5 x L9 (3.09)
showed positive and significant SCA effect (Table 8).
Thus, this cross could be used for late maturity for the
locations with sufficient rainfall. In agreement with this
finding several researchers reported significant positive
and negative SCA effects for days to anthesis
(Kanagarasu et al., 2010, Dagne et al., 2011, Aminu and
Izge, 2013; Aminu et al., 2014).

Positive SCA effects were found in eighteen of the
crosses for ear per plant. The crosses L1 x L3 and L2 x
L7 were the two best positive and significant cross
combinations with SCA values of 0.22 and 0.17,
respectively. Thus, these crosses could be selected for
their specific combining ability to improve number of ears
per plant. Eighteen crosses showed negative SCA effects
in undesired direction for ear per plant with only one
significant and negative SCA, L2 x L8 (-0.16) (Table 8).
This indicates that this hybrid combination is poor for
number of ears per plant. Similar results were reported by
Berhanu (2009) and Bello and Olawuyi (2015). They
indicated the capacity of the crosses to produce hybrids
having increased number of ears per plant.

Sixteen of the crosses showed positive SCA effects for
ear diameter but none of them were significant (Table 8).
On other hand, twenty of the crosses showed negative
SCA effects, but only two of the crosses L3 x L9 (-0.21)
and L4 x L5 (-0.26) showed significant and negative SCA
effects for this trait. This indicates that none of these
crosses were significantly good specific combinations for
ear diameter. Amiruzzaman et al. (2010) found significant
positive and negative SCA effects for ear diameter.

Conclusion

From the study, it can be concluded that better performing
inbred lines with desirable GCA, cross combinations with
desirable SCA effects and crosses with noticeable level
of heterosis above the standard check for grain yield and
other grain vyield related traits were successfully
identified. These genotypes constitute a source of
valuable genetic materials that could be successively
used for future breeding work in the development of
maize cultivars with desirable traits’ composition for
highland sub-humid agro-ecology of Ethiopia.
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