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Abstract: The study was conducted with the objective of 

evaluating heritability and performance of some single cross 

maize hybrid in Dilla and Abaya areas.  Analysis of variance 

showed that genotypes exhibited significant (p<0.01) differences 

in all traits at both locations except anthesis-silking-interval. 

Genotype by location interaction showed significant ((p<0.05) 

interaction for days to anthesis, silking, days to maturity and 

hundred seed weight. Heritability in broad sense is higher than 

85% in all characters except anthesis-silking interval and ranges 

from -38.14% for anthesis-silking interval to 99.80% for plant 

height.The highest grain yield of 18.57 and 18.10 (t/ha) were 

obtained from limu and jabi in that order. In contrast, the lowest 

grain yield was obtained from Melkassa hybrid-130 (8.57 t/ha). 

In addition, Melkassa hybrid-130 performed less in all 

characters. The maximum number of days to anthesis, silking, 

maturity and hundred seed weight were scored from shone 

variety (67, 68.17, 92 and 55.53, respectively. The highest plant 

height of 278.67, 263.33, and 263 cm was obtained from limu, 

shone and jabi, in that order.  The highest ear height was 227.05 

and 212.48 cm for limu and jabi, respectively. From the five 

parents limu and jabi showed good performance in most 

characters and thus, selected as a check for the future to evaluate 

advanced lines by comparing with the checks. Most characters 

showed significance at locations, suggested that there is need to 

test for further study over years and locations for extracting 

different genotypes for the future breeding programs.    
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I. INTRODUCTION 

aize (Zea mays L.) is a diploid (2n = 20) belonging to 

the tribe Maydeae of the graminae family to which all 

the major cereals belong. It is a monocious plant with male 

inflorescence branching at the apex of the plant known as a 

tassel. The female flower, the silk, initiates the ear or cob in 

the lateral shoot of the plant at each node out of which only 

few (up to three) develop into full ear. This necessitates cross-

fertilization making each genotype extremely heterozygous 

(Hallauer and Miranda, 1988).  

Maize is one of the most important crops in the world and 

particularly in eastern and southern Africa. It has been used as 

a human food, livestock feed, different alcoholic and non-

alcohol drinks, building material, and as fuel.  It is also used 

to produce medicinal products such as glucose as well as an 

ornamental plant (Osborne, and Beerling, 2006). In Ethiopia, 

during the 2015 cropping season, 2,110,209.61 hectares of 

land was covered with maize with an estimated production of 

about 72,349,551.02 (CSA, 2014/15). However, the national 

average yields 2.9 tons/ha [3]is still far below the world 

average 6.1 tons/ha, (FAOSTAT, 2015). 

Such low grain yield of maize is attributable to several 

production constraints, which include lack of improved 

varieties for different agro-ecological regions and lack of 

genetic studies for hybrid varieties, diseases and insect pests, 

moisture stress, poor cultural practices, excessive plant height, 

drought and low soil fertility (Pswarayi, A. and Vivek, B.S., 

2007). 

Furthermore advancement in yield of maize requires 

continuous development, release of higher yielding and well 

adapted varieties having better advantage over the existing 

commercial varieties and resistant to biotic and abiotic 

stresses varieties. In Ethiopia genetic studies like heritability 

of single cross maize hybrids were not conducted by 

researchers, especially in the study areas. Since hybrid 

breeding programs for stress exposed areas of Ethiopia began 

very recently, there are no hybrid maize varieties resistant to 

maize stalk borer.  

Heritability estimates are important genetic attributes to maize 

breeds in anticipating improvement via hybridization and 

selection. This study dealt with single cross maize hybrids 

(SC) that could be used for the production of double cross 

maize hybrids (DC) for improved grain yield.  

The effectiveness of selection is dependent up on the 

variability present in the germplasms and the extent to which 

it is heritable. Heritability values that give the proportion of 

the total phenotypic variation that is due to all genetic factors 

are known as broad sense heritability. Heritability in broad 

sense gives useful indications of the relative value of selection 

in the material at hand. Thus, information on the extent of 

heritability is very important to plant breeders for it gives an 

indication on the effectiveness with which selection of 

genotypes can be based on phenotypic performance and 

qualitative characters (Allard, 1999).   

Theoretically, heritability can range from one where all 

variation is due to genetic, to zero where all the variation 

results from the location. Actual heritability value will fall 

somewhere between these extreme values. It is difficult to 

determine the presence amount or types of genetic variability 
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if phenotypic expressions are strongly influenced by the 

location (Welsh, 1990 as cited in Basazen, 2006). 

The importance of epistasis for gene controlling grain yield in 

the breeding population of maize is not well understood. Most 

statistical models for estimating zone effects assume epitasis 

to be of importance. This assumption has been used in the 

estimation of heritability and the number of genes affecting 

quantitative traits. Theoretical comparisons have shown that 

estimates of genetic parameters may be biased greatly if 

epitasis is present and expectations based on such parameters 

may lead to erroneous expectations of response to selection.  

Yield of corn (Zea mays Z) is considered as a complex 

inherited character therefore direct selection for yield per se 

may not be the most efficient method for its improvement but 

indirect selection for other yield related characters which are 

closely associated with yield and high heritability estimates 

will be more effective. Yassien, 1993 found that the narrow 

sense heritability estimates were 65% for plant height, 51% 

for ear length, 63% for ear diameter, 44% for number of rows 

per ear, 66% for number of kernel for row, 42% for 100 

kernel weight and 27% for grain yield.  

It is therefore necessary to identify hybrids that have wide 

adaptation in case of mean yield and also have high stability. 

Information on heritability of single cross maize hybrid which 

has good agronomic performanceis very important for future 

development strategies of double crosses for biotic and abiotic 

stresses of Ethiopia. Therefore, the current study is designed 

to evaluate the heritability and performances of single cross 

maize hybrids in Dilla and Abaya areas. 

II. MATERIALS AND METHODS 

2.1. Experimental area 

This study was conducted in 2 locations of maize growing 

areas namely, Dilla and Abaya areas.  Abaya is found In 

Oromia Regional State that situated in Kolla (70%) and 

Woina Dega (30%) and an altitude of 1630 meters above sea 

level. The average annual rainfall is 977.5 mm. The average 

monthly maximum and minimum temperature is 10.0
0
cand 

24.0
0
c, respectively. The area is dominated by clay soil while 

loam soil, black soil and verti-soil are also present (Guangoa 

Rural Agricultural office, 2015).  

Dilla is found in Southern Nation Nationality Regional State 

in Gedeo zone that located at 6
◦
14’N and 38

◦
3’E, latitude and 

longitude, respectively. The altitude is 1000 meter above sea 

level with clay loam soil. The annual rain fall of the area is 

978 mm with minimum and maximum temperature of 18.3 C
◦ 

and 21.7 C
◦ 
respectively (Yacob et al., 2015).  

2.2. Treatments and Experimental Design 

The experimental materials  consists of a total of five  single 

crosses of maize hybrids namely, Melkassa hybrid 130, jabi, 

limu, shala, and shone  available in the study areas and others 

was taken from Melkassa  Agricultural Research Centres and 

studied for different traits like high yielding, quality, earliness 

and so on. The experiment was laid out in RCBD with three 

replications in two locations during 2014-2015. Each plot was 

comprised of three rows of 5 m length and spaced at 0.75 m 

with a distance of 0.25 m between plants. Two seed were 

sown per hill which later thinned-out to one plant per hill after 

seedlings established well. Fertilizer was applied at rates of 46 

kg P2O5 and 23 N kg per hectare in the form of DAP and 

Urea. DAP was applied at planting while Urea was applied at 

knee height stage of the crop. All other recommended crop 

management practices were applied as recommended for the 

sites.. 

2.3. Data Collection 

Data Collected on plot bases: grain yield, days to anthesis, 

days to silking, anthesis–silking interval, days to maturity and 

hundred seed weight. 

Data recorded using random sample of 5 plants or ears from 

each plot.  

Plantheight and ear height  

2.4. Data Analysis 

The data was subjected to ANOVA for each location and 

mean separation was also done using the procedure out lined 

by Gomez and Gomez (1984). SAS (2004) program/software 

was used for data analysis.  Heritability in Broad sense for all 

characters was computed using the formula given by Falconer 

(1989). 

Heritability (H) = 
𝜎𝑔
2

𝜎𝑝
2×100 

Where (H) = heritability in broad sense  

𝜎𝑝
2= phenotypic variance  

𝜎𝑔
2= genotypic variance  

Genotypic variance ( 𝜎𝑔
2) = 

𝑀𝑠𝑔−𝑀𝑠𝑒

𝑟
 

Phenotypic Variance (
2
 p)   =   

2
 g +

2
 e 

Locational Variance (
2 
e) = Mean Square 

Where Msg= mean square due to genotype  

Mse= locational variance  

r= the number of replication 

III. RESULTS AND DISCUSSION 

The objective of the present study was to estimate heterosis 

and performance of maize (Zea mays L.)single hybrid in 

Abaya and Dilla areas. The results of the study were presented 

and discussed as follows. 

 3.1. Analysis of Variance 

 Analysis of variance was made for grain yield, number of 

days to anthesis-silking anthesis silking interval and maturity, 

plant and ear height, and hundred seed weight. Genotypes 

exhibited significant (p<0.01) differences in all traits at both 

locations namely, Abaya and Dilla except anthesis-silking-

interval.  
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Pooled analysis of variance was made for seven traits for 

those that showed homogeneity of variances only. Pooled 

mean squares of genotypes, genotype x location and error 

were presented in (Table 1). Genotype by location interaction 

showed significant ((p<0.05) interaction for days to anthesis, 

silking, days to maturity and hundred seed weight (Table 1). 

Broad sense heritability, which worked out for the 5 maize 

single hybrids from eight characters were ranged from -38.14 

% for anthesis silking interval to 99.80% for plant height. 

Higher heritability estimates were obtained for grain yield per 

hectare (97.34%), plant height (99.80%), days to anthesis 

(98.46%), days to silking (97.69%), days to maturity 

(99.22%), Plant height (99.80%), ear height (99.59%), and 

hundred seed weight (95.68%)(Table 1). 

Heritability was also higher than 80% for all characters except 

anthesis-silking interval and hence, these parameters showing 

heritable variation among genotypes. These observations are 

in confirmation with the findings of Mani, et al.(1999).  

 

Table 1.  Analysis of variance for grain yield and yield related traits in maize single hybrids evaluated across two locations 

Source of variation Df GY DA DS ASI DM PH EH HSW 

Location 1 43.96 22.53 26.13 0.13 388.80 0.00 0.71 0.02 

Replication(Location) 4 1.13 2.43 0.13 3.13 2.47 1.87 2.56 4.70 

Genotype 4 105.25** 556.22** 550.72** 0.28ns 990.37** 4738.53** 3009.38** 233.81** 

Genotype*Location 4 1.46ns 10.12* 13.38* 0.38ns 40.47** 0.00ns 0.92ns 4.17* 

Error 16 0.95 2.89 4.30 1.63 2.59 3.12 4.10 3.47 

Grand mean 15.99 57.73 59.27 1.53 77.47 251.53 202.71 48.65 

CV (%) 6.10 2.94 3.50 83.35 2.08 0.70 1.00 3.83 

Heritability (%) 97.34 98.46 97.69 -38.14 99.22 99.80 99.59 95.68 

GY=grain yield (t ha-
1
), DA=days to anthesis, DS=days to silking, ASI=anthesis-silking interval, DM=days to maturity, PH=plant 

height(cm), EH=ear height(cm), HSW=hundred seed weight (g), CV = coefficient of variation,   (DF=4 and DF=16)=degrees of 

freedom for genotypes and error, respectively. *, ** Significant at 0.05 and 0.01 level of probability, respectively.    

     . 

Analysis of variance at each location showed that there was 

very highly significance (p>0.001) differences among the 

tested genotypes for the 5 varieties in seven characters 

considered which indicates the existence of sufficient genetic 

Variability among the materials evaluated and could be 

exploited for the improvement of respective traits (Table 2).  

 

Table 2.Analysis of variance for each location. 

Location Abaya Dilla 

 Genotype Error Genotype Error 

Traits Df=4 Df=16 Df=4 Df=16 

GY 14.78*** 0.47 17.20*** 1.43 

DA 56.87*** 4.75 58.60*** 1.03 

DS 58.33*** 7.07 60.20*** 1.53 

ASI 1.47ns 1.73 1.60ns 1.53 

DM 81.07*** 2.48 73.87*** 2.70 

PH 251.53*** 4.87 251.53*** 1.37 

EH 202.55*** 3.87 202.86*** 4.32 

HSW 48.62*** 5.06 48.67*** 1.88 

GY=grain yield(t ha-
1
), DA=days to anthesis, DS=days to silking, ASI=anthesis-silking interval, DM=days to maturity, PH=plant 

height(cm), EH=ear height(cm), HSW=hundred seed weight (g).  

* **p<0.001, ns= non-significant (DF=4 and DF=16)=degrees of freedom for genotypes and error, respectively. 

***, Significant at 0.1% level of probability and Ns=non- significant 
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3.2. Mean performance of genotypes across locations 

The mean performance of hybrids across locations indicated 

that the highest grain yield of 18.57 and 18.10 (t/ha) were 

obtained from limu and jabi in that order. In contrast, the 

lowest grain yield was obtained from Melkassa hybrid-130 

(8.57 t/ha). This indicated limu and jabi varieties yielded 

better at both locations.  

The maximum number of days to anthesis, silking, maturity 

and hundred seed weight were scored from shone variety (67, 

68.17, 92 and 55.53 gram, respectively, whereas the minimum 

values were from Melkassa hybrid-130 (table 3).  

The highest plant height of 278.67, 263.33 and 263 cm was 

obtained from limu, shone and jabi, respectively.  Lowest 

plant height of 205.33 cm was recorded from Melkassa 

hybrid-130.  The highest ear height was 227.05 and 212.48 cm 

for limu and jabi, respectively. The lowest ear height of 

166.83cm was obtained from Melkassa hybrid-130 (table 3). 

[8] and [9] also found similar results in their study. 

 

Table 3. Mean performance of characters studied at Abaya and Dilla areas, during 2015 season. 

Variety GY DA DS DM PH EH HSW 

Limu 18.57a 58.67c 60.33c 73.17c 278.67a 227.05a 50.45b 

Jabi 18.10ba 59.67c 61.33b 82.83b 263.00b 212.48b 50.14b 

shala 17.65ba 61.83b 63.50b 81.50b 247.33c 199.73d 48.60b 

shone 17.06b 67.00a 68.17a 92.00a 263.33b 207.43c 55.53a 

MH 8.57c 41.50d 43.00d 57.83d 205.33d 166.83e 38.50c 

LSD 1.19 2.08 2.54 1.97 2.16 2.48 2.28 

 

In line with the current study, [6], and  [7] also found 

significant mean squares due to crosses for days to silking, 

plant height and grain yield in CIMMYT’s QPM germplasms. 

Similarly, [8] also found highly significant mean squares due 

to grain yield, days to silking, days to anthesis, plant height 

and ear height while non- significant means squares for 

anthesis silking interval. 

IV. SUMMARY AND CONCLUSION 

The progress of crop improvement program depends on the 

choice of the breeding material, the extent of variability and 

the knowledge of quantitative characters with yield and yield 

related traits. In view of this, a study was conducted with the 

objective of evaluating heterosis and agronomic characters of 

some single cross maize hybrid in Dilla and Abaya areas.  

Analysis of variance showed that all characters depicted 

highly significant at each location except anthesis-silking 

interval while significant for days to anthesis, silking, days to 

maturity and hundred seed weight in genotype by location 

interaction which indicates the existence of sufficient genetic 

Variability, indicating good precision of the experiment.   

Broad sense heritability (h2), which was worked out for the 5 

maize varieties from eight characters were ranged from -38.14 

% for anthesis silking interval to 99.80% for plant height. 

Higher heritability estimates were obtained for grain yield per 

hectare (97.34%), plant height (99.80%), days to anthesis 

(98.46%), days to silking (97.69%), days to maturity 

(99.22%), Plant height (99.80%), ear height (99.59%), and 

hundred seed weight (95.68%). Heritability was also higher 

than 80% for grain yield per hectare, days to anthesis, silking, 

days to75% maturations, plant height, ear height, and hundred 

seed weight all these parameters showing heritable variation 

among genotypes. Higher the heritability indicates that 

characters can highly inherited and easily improved. 

The mean performance of hybrids across locations indicated 

that the highest grain yield of 18.57 and 18.10 (t/ha) were 

obtained from limu and jabi in that order. In contrast, the 

lowest grain yield was obtained from Melkassa hybrid-130 

(8.57 t/ha). The maximum number of days to anthesis, silking, 

maturity and hundred seed weight were scored from shone 

variety (67, 68.17, 92 and 55.53 gram, respectively, whereas 

the minimum values were from Melkassa hybrid-130 (table 

3).  

 The highest plant height of 278.67, 263.33 and 263 cm was 

obtained from limu, shone and jabi, respectively.  Lowest 

plant height of 205.33 cm was recorded from Melkassa 

hybrid-130.  The highest ear height was 227.05 and 212.48 cm 

for limu and jabi, respectively. The lowest ear height of 

166.83cm was obtained from Melkassa hybrid-130. 

In conclusion, mostof the characters showed significance at 

each location and genotype by location interaction, suggested 

need to test for further study over years and location and also 

there is a possibility of extracting different genotypes for the 

future breeding programs. Limu and jabi were selected for the 

future breeding program as standard check as they yielded 

better.  
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