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Abstract 
Maize breeding efforts to generate high yielding and adaptive cultivars have 
recently been given emphasis by national maize breeding program. In Ethi-
opia, the maize production system is mainly dominated by subsistence far-
mers where their production is below average. The objectives of this study were 
to determine the combining ability between lines and testers, and to evaluate 
the performance of crosses (hybrids) and parents for grain yield and yield 
component traits. Twenty-seven inbred lines were generated by crossing nine 
female lines (L1-L9) and three male testers (T1-T3) using line × tester mating 
system at International Maize and Wheat Improvement Center (CIMMYT), 
East African high land maize improvement program. The inbred lines along 
with parents were evaluated in randomized complete block design with two 
replications at three locations (Ambo, Kulumsa and Haramaya). Significant 
differences were observed among genotypes for all ten traits considered. Eight 
crosses (L1 × T2, L1 × T3, L3 × T3, L8 × T1, L4 × T2, L9 × T1, L2 × T1, and 
L2 × T2) had higher yield performance compared to other crosses across en-
vironments. Significant mean square differences were found across locations 
for general combining ability (GCA) due to lines for all traits except for num-
ber of kernel rows per ear, whereas GCA due to testers were significant only 
for grain yield, ear length and 1000-seed weight. Significant mean square due 
to GCA × Loc (both for lines and testers) was found for days to maturity 
(38.71*), 1000-seed weight (4582.36**) and grain yield (2756777**), while sig-
nificant SCA × Loc interaction was found for all traits except number of ker-
nel rows per ear (1.07), ear length (0.79) and ear diameter (0.12), suggesting 
that the importance of additive and non-additive gene effects in controlling 
these characters. 

How to cite this paper: Assefa, T., Zeleke, 
H., Afriye, T. and Otyama, P. (2017) Line × 
Tester Analysis of Tropical High Land 
Maize (Zea mays L.) Inbred Lines Top 
Crossed with Three East African Maize 
Populations. American Journal of Plant 
Sciences, 8, 126-136.  
http://dx.doi.org/10.4236/ajps.2017.82010  
 
Received: November 28, 2016 
Accepted: January 17, 2017 
Published: January 20, 2017 
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

   
Open Access

http://www.scirp.org/journal/ajps
http://dx.doi.org/10.4236/ajps.2017.82010
http://www.scirp.org
http://dx.doi.org/10.4236/ajps.2017.82010
http://creativecommons.org/licenses/by/4.0/


T. Assefa et al. 
 

127 

Keywords 
Maize, Line, Tester, Combing Ability, Crosses 

 

1. Introduction 

Maize (Zea mays L.) is a member of grass family gramineae, to which all the 
major cereals belong. It is a diploid with 2n = 20. It is one of the important crops 
growing in all parts of Ethiopia with high production in western, southwest and 
southern regions of the country [1]. According to Central Statistics Authority of 
Ethiopia, the production area for maize is significantly expanded to the most 
productive agricultural lands in the mid and highland areas of the country where 
it has been a minor crop in the past. This puts maize in the first position in total 
production and yield per unit area, and second after Teff (Eragrostis tef) in 
acreage among cereals. Some of the reasons for its rapid expansion were diverse 
use, wide adaptability, its high response to improved production packages, high 
yield per unit area and relative easiness of its production [2]. Maize has been put 
under a wider range of uses compared to any other cereals. It is used as human 
food, as feed grain, as fodder crop, and for hundreds of industrial purposes, this 
is due to its broad global distribution, and low price relative to other cereals, di-
verse grain types and its wide range of biological and industrial properties [3]. 

There is a great potential for maize production in Ethiopia and thus, the area, 
yield and production have been increasing for the last 10 years. However, the 
national average yield is still far below the world average. Such low yield is attri-
buted mainly due to the lack of improved varieties for different agro-ecological 
regions particularly for highland maize growing environments [4]. 

The breeding program has emphasized the development of open pollinated 
varieties (OPVs) believing them to be more suitable for small farm agriculture 
with low inputs, but this breeding strategy has not shown the expected progress 
in maize seed industry as OPVs provide low response to improved packages and 
little incentive to private sector participation. Thus, the country has been im-
porting hybrid seed for large state farms for many years [5] [6]. 

Effective selection method for grain yield and other desirable traits require 
information on the magnitude of useful genetic variances present in the popula-
tion in terms of combining ability and association of component traits [7]. The 
combining ability between inbred lines and the three-popular east African pop-
ulations (Ec.573, Kitale synthetic II and Kuleni) is not well established. The lack 
of information on combining ability between lines and open pollinated varieties 
necessitated introduction, crossing and evaluation of bulk of maize materials, 
which requires a lot of time, labor and expenses [8]. A suitable means to achieve 
this goal is the use of line × tester analysis system, a method that provides in-
formation about general and specific combining ability of parents and at the 
same time helpful in estimating various types of gene action. 
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Combining ability analysis is one of the powerful tools in identifying the bet-
ter combiners, which may be hybridized to exploit heterosis and to select crosses 
for direct use or for further breeding, although genetic studies have been made 
in maize in Ethiopia, little effort has been made to gather such information for 
highland areas of the country and this information also enables to make logical 
crosses (only between heterotic groups) and reduces the expense required for 
crossing and evaluation. Hence, this work was initiated with the objective of de-
termining the combining ability of lines. 

2. Materials and Methods 
2.1. Site Description 

Field experiments were carried out in 2001 at three locations in the sub humid 
region of central Ethiopia at Ambo Agricultural Research Center (AARC) of the 
Ethiopian Institute of Agricultural Research, (8˚57'N & 38˚07'E at an altitude of 
2175 m above sea level), with average annual rainfall of 1018.19 mm, maximum 
and minimum temperature of 27˚C and 10˚C, respectively. The soil at this loca-
tion was Vertisols consisting of 67% clay, 18% silt, 15% sand and 1.5% organic 
(http://www.eiar.gov.et/index.php/research-centers). The 2nd experimental sta-
tion was Kulumsa Agricultural Research Center (KARC) of the Ethiopian Insti-
tute of Agricultural Research (8˚2'N & 39˚10'E at an elevation of 2200 meter 
above sea level) with average annual rainfall of 840 mm, maximum and mini-
mum temperature of 22˚C and 10˚C. The soil at KARC was clay. The 3rd expe-
rimental station was Haromaya University (HU) research station (9˚24'N and 
42˚03'E at an altitude of 1980 m above sea level). The soil was classified as fluvi-
sol. All the three locations were representing mid to high land maize growing 
environments.  

2.2. Plant Materials and Experimental Design 

A total of 39 genotypes including 27 crosses derived by crossing nine female 
lines (L1-L9) and three male testers (T1-T3) using line × tester mating system 
[9] were obtained from the International Maize and Wheat Improvement Center 
(CIMMYT), East African highland maize improvement program. The list of the 
inbred lines and testers used in this experiment are given in Table 1. These in-
bred lines and testers were selected for their better yield potential and physio-
logical maturity for high land maize growing agro-ecologies of Ethiopia. The 
tester lines used in these experiments were originally developed by CIMMYT 
and have been widely used to study combining ability of newly developed inbred 
lines by national maize breeding programs in east and central Africa regions. 
Meanwhile these testers are also used to group inbred lines into different hete-
rotic groups. The experiment was arranged in randomized complete block de-
sign (RCBD) with two replications. Each plot consisted of two rows of 5.1 m 
long with spacing of 75 cm between rows and 30 cm between plants. Data col-
lected were days to anthesis, days to silking, days to maturity, plant height, ear 
height, number of kernel rows per ear, ear length, ear diameter, 1000 kernel  

http://www.eiar.gov.et/index.php/research-centers
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Table 1. Identification of the male and female parents used in the crosses. 

Lines (Females) Pedigree 

L1 {(KIT/SNSYN((N3/TUX)} c1F1-## {GLS = 1)-12-2 ENT 58/KS2 

L2 {KIT/SNSYN{N3/TUX}}c1F1-##(GLS = l.5)-10-4 ENT 42/KS 

L3 {KIT/SNSYN{N3/TUX}} c1F1-## (GLS = 2)-2-1 ENT77/KS2 E 

L4 {ECU/SNSYN{SC/ETO}}c1F1-## (GLS = 2)-3-1 ENT39 

L5 {ECU/SNSYN{SC/ETC}c1F1-## (GLS-2.5)-1-1 ENT83 

L6 {ECU/SNSYN{SC/ETO}} c1F1-## (GLS = 2.5)-7-2 ENT91 

L7 {POOL 9Ac7-SR(BC2) FS123-1-2-2ENT 253 

L8 {POOL 9 Ac7-SR(BC2) FS150-7-1-1ENT288 

L9 {POOL 9 Ac7-SR(BC2) FS111-6-2-3 ENT447 

Testers (males)  

T1 Kitale syn 2 

T2 Ecuador 573 

T3 Kuleni 

L1 − L9 = Designation of lines and T1 − T3 = Designation of Testers and hereafter these designations will 
be used throughout the text. 

 
weight and grain yield. All the crop management and protection practices were 
applied based on the recommendation of each location. 

2.3. Data Analyses and Statistical Model 

All data collected for yield and yield related component traits were analyzed us-
ing Agrobase software version2. In the analyses, environments were considered 
as random and genotypes as fixed effects. Each of the three environments was 
first analyzed separately and then subjected to combined analysis. The combined 
analysis of variance over the three locations was done after testing the homo-
geneity of error variances using variance ratio. Similarly, analysis of variances 
was performed for combining ability using 27 crosses and cross plus parents, 
respectively, for individual and combined data. 

General combining ability (GCA) and specific combining ability (SCA) were 
computed for characters that showed significant differences among crosses fol-
lowing Line × Tester analysis [9] using Agrobase and SAS computer programs. 
The statistical model used was as follows:  

ijk i j ij ijkY M g g S rk e= + + + + +  

where: Yijk is any character measured on cross i × j in kth replication; gi = GCA 
effect of ith parent; gj = GCA effect of the parent j; Sij = SCA effect of cross i × j; 
rk = replication effect; eijk = environmental effect peculiar to (ijk) th individual, 
and M = population mean effect.  

3. Results and Discussion 

Error mean square at the three locations (AARC, KARC and HU) showed ho-
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mogeneity for most of the traits, however, in some cases moderate heterogeneity 
for some of the traits was observed. According to Sokal and Rolf [10], the con-
sequence of such cases is not expected to be too serious so we presented here the 
combined data analyses.  

Significant differences were observed among the genotypes for days to tasse-
ling, days to silking, days to maturity, plant height, ear height, ear length, ear 
diameter, number of kernel rows per ear, 1000-seed weight and grain yield ex-
cept number of kernel per ear under combined analyses (Table 2). Similarly, 
significant G × E interaction was observed for days to anthesis, days to silking, 
days to maturity, ear height, plant height and 1000-seed weight were observed. 
This suggests that the genotypes tested in this study were different from each 
other for these traits. Therefore, phenotypic selection is feasible to identify the 
best crosses. 

3.1. Mean Performance  

The mean grain yield across environments was better for crosses such as L1 × T2 
(11,360 kg/ha), L1 × T3 (10,505 kg/ha), L3 × T3 (10,469 kg/ha), L8 × T1 (10,239 
kg/ha), L4 × T2 (10,239 kg/ha), L9 × T1 (10,139 kg/ha), L2 × T1 (10,101 kg/ha), 
and L2 × T2 (10,008 kg/ha), respectively (Table 3). This suggests that these ge-
notypes could be used as a potential source of genes for improving grain yield 
since they have more stable characters over environments. The highest 1000 seed 
weight was obtained from L6 × T3 (508.1 gm) and L9 × T3 (501.1 gm). The 
highest number of kernels per rows and number of rows per ear were recorded 
for L6 × T2 (41.8) and L9 × T1 (14.6), respectively, and the widest ear diameter 
was recorded for L8 × T1, L9 × T1, and L6 × T3. The number of crosses showed 
better mean performance in yield components as compared to other hybrids 
could be used as source of genes for improving grain yield as well as indirect se-
lection for grain yield per se. 

3.2. Analyses of Variance for Combing Ability 

Line × Tester Analysis was performed for all traits considered in this study fol- 
 
Table 2. Analyses of variance for yield and yield related traits for crosses and their par-
ents across locations. 

S. V DF DA DS DM EHT PH EL ED RPE YLD TSW KPR 

Loc 2 3468** 3063** 4046** 4639** 8767** 254** 7.4* 18 933,291 8469** 10.2 

Genotype 38 64.4** 66** 94.5** 2026** 3910** 26** 0.8** 4** 32,332,885** 2984** 10.2 

G × E 76 35.2** 33.8** 35.6** 383** 570** 2.6 0.15 1.1 317,308 5007** 10.3 

Error 114 11.6 14.1 20.6 114 236 1.7 0.18 1.0 762,510 548.7 9.5 

CV  3.6 3.8 2.4 10.0 7.6 7.5 9.2 8.1 11.0 5.9 8.5 

**, *Significant at 1 and 5 % level of probability, respectively. S. V = Source variation, Loc = Location, G × E 
= Genotype × environment, CV = coefficient of variation. DF = degree of freedom, DA = days to anthesis, 
DS = days to silking, DM = days to maturity, EHT = ear height, PH = plant height, EL = ear length, ED = 
ear diameter, RPE = number of kernel rows, YLD = grain yield, TSW = 1000-seed weight, KPR = number of 
kernel per row. 
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Table 3. Mean values of crosses and their parents for grain yield and components across 
environments. 

Crosses Yield (kg/ha) RPE KPR EL ED TSW DA DS DM EHT PH 

L1 × T1 9211 12.3 35.8 16.5 4.6 434.6 91 94 183.6 127.8 210.5 

L2 × T1 10,101 12.6 41.6 18 5 378.6 96.5 99 188.3 122 218.6 

L3 × T1 8628 12.3 37.6 17.8 4.6 338.8 93.8 96.3 190.3 124.1 229.3 

L4 × T1 9394 11.6 38.5 18.3 4.5 364 95 98.3 187 109.6 196.3 

L5 × T1 8320 12.3 40.3 17.8 4.3 415.6 95.6 101.1 195.5 114 210.1 

L6 × T1 9954 13 37.6 17.5 5 465.8 90.6 96.5 185.5 122 216.1 

L7 × T1 8808 13 35.3 17.5 5 413.5 92.5 95.1 185.5 110.1 197.3 

L8 × T1 10,239 13.6 38.1 18 5.1 492.6 97.3 100.6 187.1 125.3 220.5 

L9 × T1 10,139 14.6 39.1 18.1 5.1 470.3 92.5 95.3 188 129.8 227.6 

L1 × T2 11,360 13.6 39.8 20.8 4.6 448 94 97.8 186.5 131 225.8 

L2 × T2 10,008 13.6 38.6 19.1 5 461.5 95.5 98.1 186.3 110 203.5 

L3 × T2 9102 12 38.6 18.6 4.5 309.6 94.3 98.5 185.3 116.5 226.6 

L4 × T2 10,236 13 40.6 19 4.6 360.1 96.6 100 187 99.8 198.8 

L5 × T2 7759 13.3 39.6 18.5 4.6 395.3 97.8 104.1 192 110.5 207.1 

L6 × T2 9130 12.6 41.8 19.5 4.8 424 87.5 93.1 187.5 122.3 225.1 

L7 × T2 9387 13.6 36.3 17 4.8 474.1 89.1 92.6 188 103.8 192.1 

L8 × T2 8266 12 37 18 4.6 473.1 95.1 97.6 188.5 112.6 208.1 

L9 × T2 9563 13 36.6 17.3 4.8 473.5 91.5 95.3 187.5 112.8 235.6 

L1 × T3 10,505 12 37.6 18.5 4.8 458.3 92.3 97.8 181.5 118.1 218.5 

L2 × T3 7814 12.3 37 19.1 4.8 429.1 91.1 94.5 188.3 107.3 216.8 

L3 × T3 10,469 12 36 18.8 5 414.6 96 99.3 187.3 116.5 218.1 

L4 × T3 8641 13.6 39.3 18.5 4.6 376.5 90.8 94.6 177.6 109.6 216.5 

L5 × T3 8257 13 36.8 17.3 4.6 481 94.1 97.1 194.5 107 209.8 

L6 × T3 8161 12.6 40.6 18.8 5.1 508.1 90.6 96.1 183.3 114.5 221.3 

L7 × T3 5599 12.6 37.1 18.5 4.6 416.5 95.1 97.8 191.6 105.3 192.8 

L8 × T3 8370 13 39.8 20.1 5 443.8 95.3 99.5 190.8 120.6 222.3 

L9 × T3 8632 12.6 38.6 17.6 4.5 501.1 89.1 91.8 187.3 111.5 218 

Parent 
           

T1 8317 12.3 33.8 17.3 5 361.5 95.5 99.8 187.6 113.3 208.6 
T2 8717 13 38.6 18.1 4.6 297.3 93.5 95.6 180.8 109.3 214.8 
T3 8649 12.6 36.1 18.6 5 424.6 89.3 93.5 190.8 115.8 209.3 
L1 4430 11.3 29 15 3.8 281.1 97.8 102.8 187.8 78.6 167.3 
L2 4506 12 29.3 13.6 4 286.8 98 102.1 179.3 74 142 

L3 3982 11.6 29.1 14.5 4.1 333.6 94.3 99.6 183.1 78.8 274.1 

L4 3288 10.6 30.3 13.8 3.8 238.8 98.8 103 184.5 75.5 159.1 
L5 4531 11.3 26.3 11.3 3.8 304.5 105 107.8 185.1 75.3 158.8 
L6 4426 11 29.1 14.3 4.3 347 94.1 99.5 284.8 83.1 176.3 
L7 4110 14 30.1 14 4.5 322.8 95.5 98.1 179.1 71.6 144 
L8 4259 13.3 28.6 15 4.6 363.8 94.3 97.6 182.1 79.3 264.8 
L9 3779 11.6 26 13.5 4.1 318.5 95.1 99.3 181.6 64 154.6 

LSD (0.05) 1729 2.03 6.1 2.6 0.8 46.4 6.7 7.4 8.9 21.1 30.4 

DA = days to anthesis, DS = days to silking, DM = days to maturity, EHT = ear height, PH = plant height, 
EL = ear length, ED = ear diameter, RPE = number of kernel rows, YLD = grain yield, TSW = 1000-seed 
weight, KPR = number of kernel per row. T1 = Tester-1, T2 = Tester-2, T3 = Tester-3, L1 = Line-1, L2 = 
Line-2, L3 = Line-3, L4 = Line-4, L5 = Line-5, L6 = Line-6, L7 = Line-7, L8 = Line-8, L9 = Line-9. LSD = 
List significant difference. 
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lowing the procedure described by Kempthorne [9]. Combined analysis of va-
riance for GCA (general combining ability) showed that the mean square due to 
lines were significant for all the traits (Table 4), except for number of kernel 
rows per ear, whereas GCA mean squares due to tester were significant only for 
yield, ear length and 1000-seed weight. This suggested that additive gene effect 
was significantly important than non-additive gene effects for these traits. 
Meanwhile, the ratio of GCA/SCA mean square further supported the impor-
tance of additive gene actions in the inheritance of traits. The line × tester inte-
raction (SCA) was significant for all traits considered, indicating that there were 
significant differences among crosses. Significant mean square due to GCA × 
Loc (both for lines and testers) was found for days to maturity (38.71*), 1000- 
seed weight (4582.36**) and grain yield (2756777**), while significant SCA × 
Loc interaction was found for all traits except number of kernel rows per ear 
(1.07), ear length (0.79) and ear diameter (0.12), suggesting that the importance 
of additive and non-additive gene effects in controlling these characters. Similar 
results reported by Beck et al. [11] for SCA in grain yield, days to silking and 
plant height. Vasal et al. [12] also found significant mean squares due to SCA for 
plant height and grain yield in tropical × sub tropical crosses of maize germ- 
plasm. In this study, additive gene actions were important for ear length, ear 
diameter, and grain yield, suggesting that additive gene action is important for 
selection of quantitatively inherited traits [13]. 

3.3. General Combining Ability Effects 

Estimates of GCA effects for combined analyses were presented in Table 5. The 
GCA effects were not estimated for some of the characters as mean square due to 
GCA was not significant in analysis of variance for combining ability. Highest  
 
Table 4. Combining ability analysis of variance for yield and other agronomic characters 
across locations. 

MEAN SQUARES 

Traits GCA(L) GCA(T) SCA GCA Lxloc GCA Txloc SCA xloc Errors78 

Yield 9,682,103** 15,511,249** 6,514,825** 2,756,777** 6,082,835** 3,761,554** 516,847 

RPE 1.77 1.55 2.86** 0.82 0.51 1.07 1.02 

EL 3.61* 14.56** 5.13** 1.06 0.39 0.79 1.55 

ED 0.43* 0.13 0.25* 0.16 0.31* 0.12 0.12 

TSW 35,188.02** 12,388.46** 6504.72* 4582.36** 4697.56** 4156.5** 346.93 

DA 85.51** 17.9 28.33** 14.22 15.87 19.42** 9.83 

DS 79.65* 16.37 33.44** 16.13 14.43 23.1** 11.37 

DM 169.17** 12.85 46.21** 38.71* 58.41* 32.03* 19.94 

PHT 1989.9** 21.74 335.39* 493.8** 215.18 440.97** 194.51 

**, * = Significant at 1% and 5% level, respectively. GCA (L) = GCA due to lines, GCA (T) = GCA due to 
testers, GCA Lxloc = GCA line by location, GCA Txloc = GCA due to tester by location, RPE = number of 
kernel rows, EL = ear length, ED = ear diameter, TSW = 1000-seed weight, DA = days to anthesis, DS = 
days to silking, DM = days to maturity, PH = plant height. 
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Table 5. Estimates of general combining ability (GCA) for yield and agronomic charac-
ters across location. 

GCA effects  
due to lines 

Yield EL ED TSW DA DS DM PH 

L1 1245.9 ** 0.2716 −0.07 16.5 ** −0.93 −0.33 −3.62* 4.04 

L2 194.524 0.43 0.14 −7.35 1.06 0.00 0.25 −1.22 

L3 286.358 0.104 −0.07 −76.2 ** 1.284 0.888 0.2593 10.493 

L4 310.691 0.271 −0.18 −63.5** 0.839 0.444 −3.629* −10.339 

L5 −1000.8** −0.450 −0.24 0.203 2.506 3.6** 6.37** −5.172 

L6 −31.8086 0.271 0.20 35.5** −3.8** −1.77 −2.18 6.660 

L7 −11.821** −0.672 0.03 4.259 −1.160 −2.22 0.925 −20.1** 

L8 −154.642 0.382 0.14 39.4** 2.61* 2.2* 1.370 2.771 

L9 332.024 −0.6173 0.03 51.2** −2.38 −3.0* 0.2593 12.887 

SE line 293.49 0.5082 0.14 7.604 1.279 1.376 1.823 5.693 

GCA effect 
due to testers 

Yield EL ED      

T1 308.598 −0.598** −11.16*      

T2 310.2654 0.3272 −6.0741      

T3 −618.84** 0.271 17.24**      

SE tester 169.451 0.293 4.3902      

SE(gi − gj) tester 239.6 0.4149 6.20      

**, * = Significant at 1% and 5% level, respectively. SE = Standard error. T1 = Tester-1, T2 = Tester-2, T3 = 
Tester-3, L1 = Line-1, L2 = Line-2, L3 = Line-3, L4 = Line-4, L5 = Line-5, L6 = Line-6, L7 = Line-7, L8 = 
Line-8, L9 = Line-9. SE = standard error. 

 
significant and positive GCA effects for grain yield was recorded for L1 across 
locations, revealed that parent L1 was proved to be a good general combiner, 
hence L1 can be used as potential source of additive gene effects to improve 
grain yield and yield components. High and significantly negative GCA effects 
for yield were recorded for L5, L7 and T3, suggesting that these lines are poor 
combiners to improve grain yield. Similar results were reported by Vasal et al. 
[14]. L1, L6, L8, and L9 showed significantly positive GCA effects for 1000-seed 
weight, showing that they are good general combiners for this trait. Genotypes 
such as L1, L2, L3, L4, L6, L8, T2 and T3 showed positive estimates of GCA ef-
fects for the ear length, suggesting that these lines are good combiner to improve 
ear length in maize. L5 was good general combiner for both days to silking and 
maturity if lateness is considered, whereas L1 and L4 were good general com-
biners for maturity traits when earliness is considered.  

3.4. Estimation of Specific Combing Ability Effects 

Estimates of specific combining ability (SCA) effects for combined environments 
were presented in Table 6. It can be seen from the results that most of the com-
binations had statistically non-significant SCA effects for most of the traits.  
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Table 6. Estimates of specific combining ability effects of line × tester crosses for yield 
and agronomic characters across locations. 

SCA effects 
due to  
crosses 

Yield RPE EL ED TSW DA DS DM PH 

L1 × T1 −1455** −0.29 −1.51 −0.09 −1.166 −2.209 −2.40 0.585 −7.623 

L2 × T1 484.912 −0.185 −0.18 0.018 −33.277* 1.790 1.59 0.259 5.820 

L3 × T1 −1080.2* 0.259 0.012 −0.09 −4.722 −1.432 −1.963 2.259 4.765 

L4 × T1 −338.432 −1.07 0.320 0.148 8.277 0.345 0.48148 2.814 −7.401 

L5 × T1 −100.543 −0.52 0.543 −0.26 −3.833 −0.654 0.25926 1.148 1.265 

L6 × T1 563.734 0.259 −0.51 −0.04 11.00 0.679 0.7037 −0.296 −4.567 

L7 × T1 568.123 −0.07 0.432 0.129 −10.05 −0.320 −0.2963 −3.40 3.376 

L8 × T1 972.234 0.814 −0.12 0.185 3.944* 0.901 1.037 −2.185 3.654 

L9 × T1 386.067 0.814 1.043 0.296 −0.166 0.901 0.592 −0.074 0.709 

L1 × T2 691.012 0.814 1.89* 0.000 7.074 1.530 0.925 2.370 8.098 

L2 × T2 389.567 0.592 0.061 0.111 44.46** 0.864 0.592 −1.518 −8.956 

L3 × T2 −608.265 −0.29 −0.10 −0.17 −38.48** −0.380 0.037 −2.518 2.487 

L4 × T2 502.234 0.037 0.061 −0.11 −0.648 2.419 1.814 3.037 −4.512 

L5 × T2 −663.376 0.259 0.283 0.166 −29.25* 1.753 2.925 −2.296 −1.345 

L6 × T2 −261.765 −0.29 0.561 −0.11 −35.92* −2.246 −2.296 1.925 4.820 

L7 × T2 45.45* 0.370 −0.99 0.055 45.51** −3.246 −2.962 −0.518 −1.401 

L8 × T2 −1002.76 −1.07 −1.05 −0.22 9.351 −1.024 −1.962 −0.296 −8.290 

L9 × T2 −192.088 −0.41 −0.72 0.055 −2.092 0.308 0.925 −0.185 9.098 

L1 × T3 764.808 −0.52 −0.38 0.92* −5.91 0.679 1.481 −1.851 −0.475 

L2 × T3 −874.469 −0.41 0.117 −0.13 −11.18 −2.654 −2.185 1.259 3.135 

L3 × T3 1688.5** 0.037 0.12 0.259 43.20** 1.790 1.925 0.259 −7.253 

L4 × T3 −163.802 1.037 −0.38 0.037 −0.629 −2.765 −2.296 −5.851 11.915 

L5 × T3 763.919 0.259 0.827 0.092 33.092* −1.098 −3.18 1.148 0.080 

L6 × T3 −301.969 0.037 −0.05 0.148 24.925 1.567 1.592 −1.629 −0.253 

L7 × T3 −1713** −0.29 0.561 −0.19 −35.46* 3.567 3.259 3.925 −1.975 

L8 × T3 30.53 0.259 1.172 0.037 −43.29** 0.123 0.925 2.481 4.635 

L9 × T3 −193.96 −0.41 −0.33 −0.35 2.259 −1.209 −1.519 0.259 −9.808 

SE SCA 508.35 0.707 0.880 0.244 13.17 2.21 2.384 3.15 9.86 

SE (Sij − Sjk) 718.92 1.00 1.245 0.346 18.62 3.13 3.77 4.465 13.94 

**, * = Significant at 1% and 5% levels, respectively. SE = Standard error. 

 
Crosses L3 × T3 and L7 × T2 were the only crosses that had significant and posi-
tive SCA effects for grain yield and 1000-seed weight, suggesting that these two 
crosses combined well to give higher grain yield and 1000-seed weight than the 
mean performance of their respective parents. On the other hand, L1 × T1, L3 × 
T1, and L7 × T3 were poor combiners with statistically negative significant SCA 
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effects (−1455**, −1080.2* and −1713** respectively). In this study, manifesta-
tion of good SCA may not be expected since some of the parents involved to 
produce the F1 hybrids are broad based populations. Several authors indicated 
that good GCA effect is obtained from broad based parents (full-sibs, half sibs, 
population and composites) while good SCA is exhibited by narrow based par-
ents (inbred lines) upon crossing. Such differences are especially a matter of dif-
ferences in gene frequency. In broad based parents, gene frequency is not easy to 
determine compared to narrow based parents gene frequencies [15]. L1 × T2 and 
L1 × T3 showed positive and significant SCA effects for ear length and ear di-
ameter, respectively, indicating that they are good specific combiners for the 
above-mentioned traits. L8 × T1, L2 × T2, L7 × T2, L3 × T3, and L5 × T3 crosses 
had significant and positive SCA effects, whereas L2 × T1, L3 × T2, L5 × T2, L6 
× T2, L7 × T3 and L8 × T3 produced significant and negative SCA effects for 
1000-seed weight. 

4. Conclusion 

The analyses of variance for combining ability across locations indicated that 
mean squares due to lines were significant for all traits except number of kernel 
rows per ear, whereas mean squares due to testers were significant for yield, ear 
length and 1000-seed weight. The line × tester interaction was significant for all 
traits considered, suggesting that there were differences among F1 hybrids. The 
estimates of GCA effects in combined analyses revealed that L1 was good general 
combiner for grain yield and other related traits and had negative significant 
GCA effects for days to maturity. This line could possibly be used to develop 
high yielding with early maturing genotypes. Considering the performance of 
specific crosses as estimated by specific combining ability effects across loca-
tions, cross between good general combiners was not necessarily good specific 
combiners, so only L7 × T2 and L3 × T3 had good SCA effects for grain yield 
and 1000-seed weight. Generally, the results obtained in this study indicated that 
lines developed from Kitale Synthetic II combined well with Tester 2 (T2) and 
vice versa.  
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