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Abstract – Combining ability variances and effects were 

estimated for grain yield and other agronomic traits in maize 

(Zea mays L.). Nine parental maize varieties consisted of five 

IITA open pollinated varieties (OPVs) drought tolerant used 

as lines and four local varieties used as testers with various 

level of susceptibility to drought. These materials were 

crossed in a line x tester mating design during the 2007 

cropping season to determine the GCA, SCA effects and the 

level of heterosis. Parents and crosses were evaluated in Biu 

and Damboa during the cropping season of 2009. Results 

from analysis of variance and combining ability showed that 

there were high and significant level of genetic variability 

among the parental lines used and their hybrids for almost 

all the traits study, thus suggesting the possibility for genetic 

improvement.  The study also revealed the significant 

differences of general combining ability (GCA) effects of 

parents and that of specific combining ability (SCA) effects of 

hybrids. The relatively smaller proportion of GCA to SCA 

ratio indicated the predominance of non-additive genetic 

effects with respect to most of the traits. That is, estimates of 

GCA were consistently lower than SCA effects in most of the 

traits evaluated. This suggests that high performing hybrids 

such as EVDT-99WSTRC0 x EX-DAMBOA WHITE, TZE-

WDTSTRQPMC0 x EX-DAMBOA YELLOW, EVDT-

W99STRQPMCO x EX-DAMBOA WHITE, EVDT-

W99STRQPMCO x EX-DAMBOA YELLOW and 

TZECOMP3DTC1 x EX-BIU YELLOW may be used to 

develop potential varieties.  Both additive and non-additive 

gene effects controlled most traits, but non-additive genetic 

effect was the more prevalence. These hybrids also revealed 

high parent heterosis in terms of grain yield. Very high level 

of higher parent heterosis is considered advantageous for 

drought tolerance and yield improvement. Hence, yield 

superiority of some hybrids over the higher parents 

suggested the possibility of their commercial exploitation. 

The parents: EVDT-99WSTRC0, TZE-WDTSTRQPMC0, 

and EX-DAMBOA WHITE were identified as the best 

general combiners in terms of GCA for days to 50% 

tasseling, for days to 50% silking, anthesis silking interval, 

plant height, number of cobs per plot, weight of cobs, 

dehusked cobs and grain yield.  The parents and hybrids 

which featured prominently with respect to better general 

and specific combining abilities for maize grain yield and 

other agronomic traits could have genes that can be 

introgressed in to other promising lines in further developing 

high yielding and drought tolerant genotype. 

 

Keywords – Gene Action, Hetorosis, Traits, Yield, Maize, 

Drought. 

I. INTRODUCTION 
 

Maize (Zea mays L.) production in the savanna regions 

of Nigeria is facing a lot of problems ranging from low 

soil nutrients status, drought and susceptibility to pests and 

diseases as well as poor adaptation to the agro-ecologies 

(Olaoye et al., 2004). Maize breeders have therefore 

devoted effort to developing superior genotypes for grain 

yield and adaptation to the different stress factors (Bello 

and Olaoye, 2009). Early maturing maize hybrids are 

essential for successful production in short growing season 

areas. Because maturity and yield are usually positively 

correlated (Hallauer and Miranda, 1981), breeders need to 

develop a clearer understanding of how maturity 

influences agronomic traits in order to combine high yield 

potential and early maturity into the same hybrids. 

 Maize is the most important cereal crop in Sub-Sahara 

Africa (SSA) and an important stable food for more than 

1.2 billion people in SSA and Latin America. All parts of 

the crop can be used for food and non-food products. 

Globally, maize is ranked the third most important cereal 

crop, after wheat and rice. It is one of the most widely 

cultivated cereal crops due to it adaptation to a wide range 

of environment. It is also a major staple food crop in 

Nigeria and receiving much attention in industrial 

development. Africa harvests 29 million hectares, with 

Nigeria, the largest producer harvesting 3% (FAO, 2009).  

The global production has increased due to high 

consumption coupled with increased in human population. 

However, yield is reduced as a result of drought which is 

one of the most important environmental stresses affecting 

agricultural productivity worldwide particularly in the 

study areas. It is a major abiotic constraint to maize 

production which is mostly rain fed in Africa. Lack of 

adequate rainfall can lead to decrease in yield and trigger 

famines. It is the most devastating maize production 

constraints in savanna region of Nigeria. This is because 

rainfall in this region is unpredictable in terms of 

establishment (may start early or very late in the season), 

quantity (some times less than 600 mm/annum), and 

distribution (could be poorly distributed) Izge and Dugje 

(2011). 

Breeding strategies based on selection of hybrids require 

expected level of heterosis as well as the specific 
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combining ability. In breeding high yielding varieties of 

crop plant, the breeders often face with the problem of 

selecting parents and crosses. Combining ability analysis 

is one of the powerful tools available to estimate the 

combining ability effects and aids in selecting the 

desirable parents and crosses for the exploitation of 

heterosis. It is also important to have information on the 

nature of combining ability of parents, their behaviour and 

performance in hybrid combination (Chawla and Gupta, 

1984). Such knowledge of combining ability is essential 

for selection of suitable parents for hybridization and 

identification of promising hybrids for the development of 

improved varieties for a diverse agro-ecology (Alabi et al., 

1987). Line x tester analysis provides information about 

general combining ability (GCA) and specific combining 

ability (SCA) effects of parents and is helpful in 

estimating various types of gene actions (Rashid et al., 

2007). The improved varieties use in this study was due to 

their great diversity which has yield potential and drought 

tolerance traits.  Therefore, the study was conducted to 

estimates the general combining ability effect of parents, 

specific combining effect of hybrids and to determine the 

high parent heterosis existing among the traits. 

 

II. MATERIALS AND METHODS 
 

The parental materials used in this study comprised of 

five maize lines that are drought tolerant and open 

pollinated varieties (OPVs), developed at International 

Institute of Tropical Agriculture (IITA) in Ibadan, Nigeria 

from diverse sources of germplasm through evaluation and 

selection at multiple locations were used as lines vis 

EVDT-99WSTRC0, TZE-WDTSTRQPMC0, EVDT-

99WSTRQPMC0, TZECOMP3DTC1 and 

BG9TZECOMP3x4. The second set of parents consisted of 

four local cultivars susceptible to drought predominantly 

growing by the farmers in the study areas. The local 

cultivars formed the testers, vis EX-BIU WHITE, EX-BIU 

YELLOW, EX-DAMBOA WHITE and EX-DAMBOA 

YELLOW. The materials were crossed in line x tester 

mating design at the Faculty of Agriculture, Teaching and 

Research Farm, University of Maiduguri, Nigeria, to 

generate for the initial breeding population (F1 hybrids) 

during the rainy season of 2007 to generate a total of 20 

hybrids. The resultant hybrids were harvested, processed 

and stored in the cold and dry room prior to field 

evaluation. Later, the hybrids produced together with their 

parents were evaluated during the rainy seasons of 2009 in 

Biu and Damboa respectively.  Biu is located in Northern 

Guinea Savanna and is characterized by a rainy season 

period of 130 – 160 days with range of average annual 

rainfall of 900 – 1400 mm (latitude 11
0
 2

|
N and longitude 

13
0
 2

|
E), the soil type is clay or black cotton vertisols.  On 

the other hand, Damboa is located in Sudan Savanna 

(latitude 11
o
.10.5’N and longitude 12

0
 46.3

|
E on an 

altitude of 291m above sea level). It has an average annual 

rainfall of 500 – 1000 mm distributed within the rainy 

season period of 100 – 120 days. The parental lines and 

crosses were laid-out in a randomized complete block 

design (RCBD) with three replications. The sowing was 

carried out in mid and end of August (15
th

-30
th

 August) in 

Sudan and Northern Guinea Savanna respectively in order 

to subject the entries to moisture stress. NPK (15:15:15) 

fertilizer at the rate of 333.3kg/ha was applied 10 days 

after planting and urea was applied at the rate of 110kg/ha 

four weeks after planting. Data were recorded on number 

of stands/plot, days to 50% tasseling, days to 50% silking, 

anthesis silking interval (ASI), plant height (cm) and ear 

height (cm). Other parameters recorded include; number 

of cobs/plant, number of cobs/plot (g), 100 seed weight (g) 

and grain yield (kg/ha). 

The combining ability analysis and the estimates of 

GCA and SCA effects were done using line x tester 

method based on the procedures described by Kempthorne 

(1957) and Singh and Chaundhary (1985) using SPAR 2.0 

Statistical Package for Agricultural Research. The 

significant differences among GCA effects and SCA 

effects were tested using the formula of Cox and Frey 

(1984). High parent heterosis was estimated according to 

Liang et al. (1972). 

 

III. RESULTS AND DISCUSSIONS 
 

Analysis of combining ability 
Combining ability variance and variance components 

for twelve agronomic traits in line x tester design in maize 

across locations in 2009 are presented in Table 1. The 

results showed that there was statistical significant 

difference among the lines in their variances in days to 

50% tasseling, days to50% silking, anthesis silking 

interval, number of cobs per plant, number of cobs per 

plot, weight of cobs and grain yield. The results for testers 

showed highly significant differences in all the traits 

between locations. However, significant differences 

existed among the line x tester interaction in anthesis 

silking interval, number of cobs per plot, weight of cobs, 

dehusked cobs and grain yield. The results showed 

additive and non additive effects were both significant (P 

< 0.05) and responsible for the genetic expression. These 

results are in agreement with that of Joshi et al. (2002), 

Asif et al. (2007) and Aminu and Izge (2013). The fact 

that both additive and non-additive gene actions were 

important in genetic control of most traits studies means 

that there is the existence of tremendous amount of 

variability in the genetic materials evaluated, confirming 

the results of Olaoye (2005) and Aminu and Izge (2013). 

The estimates of variance component showed that ear 

height had the highest value among the lines. However, 

variance component estimates for testers also expressed 

the highest value for weight of the cobs, dehusked cobs 

and grain yield. The estimate of SCA variance was higher 

than the GCA variance in all the traits, and more than one 

for all the traits studied. This revealed the preponderance 

of non-additive genetic effect over the additive gene effect 

as most of the GCA/SCA ratios were less than unity.   

These results are in agreement with Rojas and Sprague 

(1952) and Gama et al. (1995) who worked on millet and 

maize respectively.  These results showed that parental 

lines would be utilized in the development of maize 

hybrids. 
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The results for the proportional contribution of lines to 

total variation are higher than the testers in most of the 

traits. The results of the interaction between line x tester 

were higher for all the traits except plant height and ear 

height. The GCA/SCA ratio shows that, high values were 

obtained in respect to anthesis silking interval, plant height 

and ear height. However, the low and moderate values 

were obtained in the remaining traits. The lower 

proportion of GCA/SCA also indicated that additive x non 

additive and non additive interactions were not significant 

among hybrids. However, the importance of additive 

genetics effects was reported by Alamnie et al. (2006) and 

Aminu and Izge (2013) in respect of grain weight in 

maize.  

General combining ability effects of parents 
Estimates of general combining ability effects of parents 

for twelve agronomic traits in maize across locations in 

2009 are presented in Table 2. Parent EVDT-W99STRC0 

expressed highly significant GCA values effects for almost 

all the traits except for number of stands per plot and 

anthesis silking interval. Traits such as days to 50% 

tasseling, for days to 50% silking, plant height and ear 

height, negative GCA effects are desirable, while in case 

of other characters positive GCA effects are most 

desirable. Minimum days to 50% tasseling, days to 50% 

tasseling, plant height and ear height are needed for crop 

early maturing and lodging. Hence, it is the highest 

general combiner.  Similarly, TZEWDTSTRQPMC0 is the 

second highest general combiner with negative significant 

GCA effects for days to 50% tasseling and for days to 

50% silking, positive significant GCA effects for plant 

height, number of cobs per plot, weight of cobs, dehusked 

cobs, 100-seed weight and grain yield. Therefore, EVDT-

99WSTRC0 and TZE-WDTSTRQPMC0 had exhibited 

highly significant GCA effects in desirable direction for 

most of the traits. These findings are in accordance with 

Izge and Dugje (2011) and Aminu and Izge (2013).  

The results for testers indicated that EX-DAMBOA 

WHITE had the highest significant GCA effects. These 

were due to the adaptation of the tester which was 

originated from the study area. Anthesis silking interval is 

a trait used mostly in screening genotypes for tolerance to 

stresses (EL-Hosary et al., 1994). It is a measure of 

nicking (synchronization) of pollen shed with silking as 

reported by Paul and Debenth (1999). Maize breeders have 

therefore, devoted effort to developing superior genotypes 

for grain yield and adaptation to different stress factors 

(Olaoye et al., 2005).  

Specific combining ability effects of hybrids 
The estimates of specific combining ability effects for 

twelve agronomic traits in maize across locations in 2009 

are presented in Table 3. These estimates are used to 

identify the best cross-combinations for hybrids 

production (Izge et al., 2007).  The specific combining 

ability (SCA) effects were significant or highly significant 

in the twenty hybrids studied for the different agronomic 

traits, such as anthesis silking interval, plant height, ear 

heights, cobs per plant, cobs per plot, dehusked cobs and 

grain yield.  The study revealed that hybrids with high 

SCA effects involved at least one or two of the several 

higher general combiners as parent namely: the IITA 

(OPVs) and EX-DAMBOA WHITE. Gama et al. (1995) 

and Kadams et al. (1999) reported similar result where a 

hybrid with high SCA effects involved one or both of the 

good general combiners as parents. 

 Hybrids EVDT-99WSTRC0 x EX-DAMBOA WHITE 

and TZE-WDTSTRQPMCO x EX-DAMBOA WHITE 

expressed negative and significant SCA effects for days to 

50% tasseling, days to 50% silking, plant height and ear 

height.  Negativity of these traits is important, implying 

that these hybrids could mature earlier and could escape 

drought. Similar results were reported by Bello and 

Olaoye (2009) and Aminu and Izge (2013).  With respect 

to anthesis silking interval, EVDT-99WSTRC0 x EX-

DAMBOA WHITE and TZECOMP3DTC1 x EX-

DAMBOA WHITE had the highest positive and 

significant SCA effects. Anthesis silking interval is a trait 

used mostly in screening for tolerance to stresses. It is a 

measure of nicking (synchronization) of pollen shed with 

silking. This report is in accordance with finding of 

Shanghai et al. (1983) and Paul and Debenth (1999).  

 Seventeen hybrids expressed significant SCA effect for 

plant height and ear height. However, nine and eight of 

them expressed negative and significant SCA effects with 

TZE-WDTSTRQPMC0 x EX-DAMBOA YELLOW had 

the highest negative and significant SCA effects for both 

plant height and ear height. Negative plant height and ear 

height are desirable especially in drought prone and windy 

areas against drought and lodging (Sodangi et al., 2011 

and Aminu and Izge, 2013).    

 For 100-seed weight, hybrid EVDT-W99STRQPMCO 

x EX-DAMBOA WHITE and EVDT-W99STRQPMCO x 

EX-DAMBOA YELLOW had the highest positive and 

significant SCA effects. Variation among the hybrids in 

100seed weight, could be ascribed to the impairment of 

many important metabolic and physiological processes in 

plants during moisture stress. Similar results have been 

reported by Ahmed-Amal and Mekki (2005).  Hybrids 

EVDT-99WSTRC0 x EX-DAMBOA WHITE, TZE-

WDTSTRQPMC0 x EX-DAMBOA YELLOW, EVDT-

W99STRQPMCO x EX-DAMBOA WHITE, EVDT-

W99STRQPMCO x EX-DAMBOA YELLOW  and 

TZECOMP3DTC1 x EX-BIU YELLOW exhibited positive 

and significant SCA effects for grain yield. These are good 

hybrids when breeding for drought stress and grain yield.  

These hybrids probably have potential as parents of hybrid 

varieties, as well as for inclusion in breeding programmes, 

since they may contribute superior alleles in new 

populations for high grain yield and other abiotic stresses 

in maize production especially in Sudano-Sahelian zone. 

These results are in line with earlier independent studies of 

Perez-Velasquez et al. (1996), Kumar et al. (1998) and 

Joshi et al. (1998) who reported that maize grain yield and 

flowering traits were under the control of non-additive 

(SCA effects) type of gene action.   

Heterosis 
Percentages of heterosis for twelve agronomic traits in 

maize across locations in 2009 for yield and yield 

components are presented in Table 4.  The degree of 

heterosis varied from hybrid to hybrid and from traits to 
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traits. This study showed that great potentials for increased 

maize yield exist because of the high level of heterosis 

observed.  Both positive and negative heterotic values 

were recorded for all agronomic traits studied. However, 

the high positive higher parent heterosis observed for 

stands count, number of cobs/plant, cobs/plot, weight of 

cobs and dehusked cobs directly indicated their 

importance for total grain yield increased. Farshad et al. 

(2008) and Aminu and Izge (2013) reported significant 

and positive level of heterosis for 1000 seed weight and 

grain yield for these traits in maize.  The negative 

heterosis recorded for traits like days to 50% tasseling, 

days to 50% silking, plant height and ear height are 

desirable in breeding for earliness and short stature 

hybrids that could resist lodging particularly in windy 

environment like the study areas. But for the rest of the 

traits positive heterosis were more desirable. Hybrids 

EVDT-99WSTRC0 x EX-BIU YELLOW, EVDT-

99WSTRQPMC0 x EX-BIU YELLOW and 

BG97TZECOMP3x4 x EX-BIU YELLOW expressed 

positive and significant higher parent heterosis for number 

of stands per plot. For days to 50% tasseling and days to 

50% silking, hybrids EVDT-99WSTRC0 x EX-BIU 

WHITE, TZE-WDTSTRQPMC0 x EX-DAMBOA 

YELLOW, TZE-WDTSTRQPMC0 x EX-BIU YELLOW 

and TZE-COMP3DTC1 x EX-BIU YELLOW expressed 

high negative and significant higher parent heterosis. In 

respect to anthesis silking interval, TZE-

WDTSTRQPMC0 x EX-BIU WHITE, EVDT-

99WSTRQPMC0 x EX-DAMBOA YELLOW and EVDT-

99WSTRQPMC0 x EX-BIU YELLOW has the highest 

positive and significant level of higher parent heterosis. 

These traits could be recommended for environment with 

low and erratic rainfall, because it is one of the drought 

tolerant traits. This result is in agreement with that of Izge 

et al. (2007).  

This study indicated tremendous level of higher parent 

heterosis in grain yield. EVDT-99WSTRC0 x EX-BIU 

YELLOW, TZE-WDTSTRQPMC0 x EX-BIU WHITE, 

TZE-WDTSTRQPMC0 x EX-BIU WHITE and EVD-

99WSTRQPMC0 x EX-DAMBOA YELLOW are among 

the hybrids that expressed the highest significant higher 

parent heterosis for grain yield.  Low levels of heterosis 

were observed which could be attributed to narrow genetic 

base of the materials used in the development of some 

parents.  

These hybrids which featured prominently in the 

expression of higher level heterosis could form an initial 

gene pool for further breeding programme in developing 

high yielding varieties for cultivation in the Nigerian 

savannas. These results are in line with earlier independent 

studies of Kumar et al. (1988), Joshi et al. (1998), Perez-

Velasquez et al. (1996), Bello and Olaoye (2009) and 

Aminu and Izge (2013) who reported that maize grain 

yield and flowering traits were under the control of non-

additive (SCA effect) type of gene action. 

 

 

 

 

IV. CONCLUSION 
 

The present study identified parents: EVDT-

99WSTRC0, TZE-WDTSTRQPMC0 and EX-DAMBOA 

WHITE as the best general combiners among the nine 

parents. The study also identified the following hybrids: 

EVDT-99WSTRC0 x EX-BIU YELLOW, TZE-

WDTSTRQPMC0 x EX-BIU WHITE, TZE-

WDTSTRQPMC0 x EX-BIU WHITE and EVD-

99WSTRQPMC0 x EX-DAMBOA YELLOW as the best 

among the 20 hybrids evaluated across locations since 

they have the best level of high parent heterosis in days to 

50% tasseling, days to 50% silking, anthesis silking 

interval, weight of cobs dehusked cobs and grain yield.  

The desirable heterotic levels in days to 50% tasseling, 

days to 50% silking, anthesis silking interval and plant 

height are desirable in areas with marginal rainfalls and 

windy environment like the study areas. 
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Table 1: Combining ability analysis of variance for twelve agronomic traits in maize at Biu and Damboa in 2009 

combined locations 
 

 
KEYS 

 NSP =Number of stands per plot      ASI=Anthesis silking interval             NCPL = Number of cobs per plant     WDC = Dehusked cobs                                                                                                                                                   

 DTT =Days to 50% tasseling            PHT = Plant height                              NCPT = Number of cobs per plot       HSW= 100seed weight                                                        

 DTS =Days to 50% silking               EHT = Ear height                              WC = Weight of cobs                          GRY = Grain yield                                                            

* Significant   ** Highly significant 
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Table 2: Estimate of general combining ability effect for male and female parents for twelve agronomic traits in maize at 

Biu and Damboa in 2009 combined locations 
 

 
KEYS 

 NSP =Number of stands per plot      ASI=Anthesis silking interval             NCPL = Number of cobs per plant     DC = Dehusked cobs                                                                                                                                                   

 DTT =Days to 50% tasseling            PHT = Plant height                              NCPT = Number of cobs per plot       HSW= 100seed weight                                                        

 DTS =Days to 50% silking               EHT = Ear height                              WC = Weight of cobs                         GRY = Grain yield                                                                

* Significant    ** Highly significant 

 

Table 3: Estimate of specific combining ability effect for twelve agronomic traits in maize, Biu and Damboa in 2009 

combined locations 
 

 
KEYS 

 NSP =Number of stands per plot      ASI=Anthesis silking interval             NCPL = Number of cobs per plant     DC = Dehusked cobs                                                                                                         

 DTT =Days to 50% tasseling            PHT = Plant height                              NCPT = Number of cobs per plot       HSW= 100seed weight                                                        

 DTS =Days to 50% silking               EHT = Ear height                              WC = Weight of cobs                          GRY = Grain yield                                                               

* Significant    ** Highly significant 
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Table 4: Heterosis of the hybrids over the parents for twelve agronomic traits in maize at Biu and Damboa in 2009 

combined locations 
 

 
 

KEYS 

 NSP =Number of stands per plot      ASI=Anthesis silking interval             NCPL = Number of cobs per plant     DC = Dehusked cobs                                                                                                                                      

 DTT =Days to 50% tasseling            PHT = Plant height                              NCPT = Number of cobs per plot       HSW= 100seed weight                                                        

 DTS =Days to 50% silking               EHT = Ear height                              WC = Weight of cobs                          GRY = Grain yield                                                               

* Significant    ** Highly significant 


