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ABSTRACT 

A study was carried out to estimate percent heritability and genetic advance for grain yield and yield associated 
components in maize variety Azam during 2013 in two crop seasons. The test-crosses were developed from maize variety 
Azam at Cereal Crops Research Institute (CCRI). All the inbred lines were de-tasseled prior to pollen shedding. At 
physiological maturity the testcrosses were manually harvested and shelled individually. In summer crop season (season 2) 
the resulting test-crosses were evaluated in a 12x12 partial balance lattice square design at The University of Agriculture, 
Peshawar (UAP) for grain yield and yield related traits. Data were taken on ear length (cm), kernel rows ear-l, 100 kernels 
weight (g), and grain yield (kg ha-l). Non-significant differences were observed only for ear length and kernel rows ear-l in 
both seasons, while in season 1; non-significant differences were recorded for 100 kernels weight. The remaining traits 
showed significant genetic variations among the test-crosses in both seasons. Low to moderate estimation of heritability 
and genetic advance was observed in both seasons. Moderate level of heritability 0.57 was observed for grain yield in 
season 2, while low estimation 0.04 was recorded for ear length in both seasons. High genetic advance (GA) 950.55 was 
observed for grain yield in season 2, while low (GA) was recorded 0.09 for ear length in season 1. Estimation of 
heritability and genetic advance for all the parameters were low to moderate which displayed comparatively high 
environmental influence on the traits expression, hence further evaluation should be carried out in different environments. 
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INTRODUCTION 

Maize is used for extraction of edible oil, gluten 
(protein), and utilized in alcoholic drinks as starch. Maize 
is generally cultivated for animals graze as fodder, silage 
(formed through fermentation of cut up green maize 
stalks), or grain. Maize is cultivated as a multipurpose 
crop, for grain, fodder and is also utilized in 
manufacturing of starch, oil, etc. (Aziz et al., 1992). Corn 
starch is used in plastic textile and sticky glue. It is also 
utilized as bio-mass resource of energy and ethanol fuel. 
Maize is also used in some other products like bio-
degenerated chemical, papers, flour, and in paints and 
explosive materials. In food 15-20% calorie comes from 
maize. In Pakistan during year 2012-13, maize was 
cultivated on1139.4   thousand hectares with annual 
production of 4997.1 thousand tones and average yield 
was 4385.7 kg ha-1. In Khyber Pakhtunkhwa (KP) maize 
was grown on about 497.3 thousand hectares with total 
annual production of 1300 thousand tons with average 
yield of 2614.11 kg ha-1 (FBS, 2012-13). These statistics 
of yield out-put are very low due to the cultivation of land 
races, lack of proper maize hybrids and superior varieties. 
The USA is the world highest producing and exporting 
country of maize. China, Brazil, Argentine,   Mexico, 
India, Ukraine, Inodonesia, France and S. Africa are the 
rest top maize producing countries. 

The success of any crop improvement programme 
not only dependent on the amount of genetic variability 
present in the population but also on the extent to which it 
is heritable, which sets the limit of progress that can be 
achieved through selection (Sumathi et al., 2005). Genetic 
variability for agronomic characters therefore is a key 

component of breeding programmes for broadening the 
gene pool of crops (Ahmad et al., 2011). Heritability is a 
measure of the phenotypic variance attributable to genetic 
causes and has predictive function in plant breeding. It 
provides information on the extent to which a particular 
morphogenetic character can be transmitted to successive 
generations. Knowledge of heritability influences the 
choice of selection procedures used by the plant breeder to 
decide which selection methods would be most useful to 
improve the character, to predict gain from selection and 
to determine the relative importance of genetic effects 
(waqar et al., 2008). The most important function of 
heritability in genetic studies of quantitative characters is 
its predictive role to indicate the reliability of phenotypic 
value as a guide to breeding value. Characters with high 
heritability can easily be fixed with simple selection 
resulting in quick progress. However, it has been 
accentuated that heritability alone has no practical 
importance without genetic advance (Najeeb et al., 2009). 
Genetic advance shows the degree of gain obtained in a 
character under a particular selection pressure. High 
genetic advance coupled with high heritability estimates 
offers the most suitable condition for selection. Akbar et 
al., (2008) reported high heritability and high genetic 
advance for different yield controlling traits in maize. 
Therefore, availability of good knowledge of these genetic 
parameters existing in different yield contributing 
characters and the relative proportion of this genetic 
information in various quantitative traits is a pre-requisite 
for effective crop improvement. The present study was 
conducted to assess genetic variability, heritability and 
genetic advance for grain yield and its component 
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characters in maize testcrosses to provide necessary 
information that could be useful in maize improvement 
programmes aimed at improving grain yield. 
 
MATERIALS AND METHODS 
 
Experimental site 

This experiment was conducted at The University 
of Agriculture, Peshawar and Cereal Crops Research 
Institute, Pirsabak, Nowshera, during 2013, in two (spring 
and summer) crop seasons. 
 
The experimental materials 

The research materials were developed from 
maize variety Azam. Azam is white flint genotype having 
moderate average stature, and matures in 90 to 110 days. It 
was developed through cross among the Zia and Pir-sabak 
7930, and with back cross to Pir-sabak. It is acclimatized 
and adapted maize composite & could be grown in all 
regions of KP.  
 
Design and experimental managements 

During the (season 1) spring crop period (March- 
June) 2013, 143 S5 lines, developed from maize variety 
Azam were test-crossed by crossing with the selected 
tester in isolation at CCRI, Pirsabak, Nowshera. By 
regular rounds during flowering those lines which had 
visible tassels were de-tasseled. The de-tasseled lines were 
let to open pollination by the tester. At physiological 
maturity (black layer establishment at hilum) the test-
crosses were manually harvested and shelled individually. 
The best were selected and others were disposed. During 
the summer (July-October), the test-crosses along with a 
check were planted in a replicated yield trial in a partial 
balance lattice square design along with 2 replications at 
UAP. Row length was kept 5m, plant-to-plant gap was 
25cm and row-to-row space was kept to be 75cm. Each 
genotype comprised single row plot. To confirm consistent 
emergence of seeds, 2 grains hill-1 were sown and after the 
emergence, 1 seedling hill-1 was retained at knee height 
stage. Standard cultural techniques were applied and 
weekly irrigation was carried out. Fertilizer DAP was used 
at sowing time while urea was utilized at sowing time and 
at knee height stage. 
 
Data collected 

Ear length (EL): From each entry random 
selection of 5 ears were carried out and length was 
measured by ruler in cm. The average was taken. Number 
of Kernel Rows per Ear (KRE): The total number of 
kernel rows of the ear was counted from five randomly 
taken ears and the average value was used as kernel rows 
per ear. Hundred Kernel Weight (HKWT): 100 randomly 
taken kernels were weighed from each plot using sensitive 
balance and was adjusted to 15 % moisture level. Grain 
yield (GY): At physiological maturity (black layer 
establishment at hilum) the selected cobs were harvested 
to acquire grain-yield data. Grain yield was obtained by 
the following formula (Carangal et al., 1971). 

 
 
Where 
 
FEW = Fresh weight of the ears at harvest  
MC = Percent moisture content value in grains at 

harvest 
0.8 = Shelling co-efficient 
15 = Desired moisture content in maize-grains at 

storage 
10,000 m2 = 1hactare 
 
Analysis of variance 

The data recorded was subjected to analysis of 
variance (ANOVA) technique appropriate for partially 
balanced lattice square design using program MS Excel 
package. Estimates of heritability and variance 
components (genotypic and phenotypic components) were 
calculated from the ANOVA by using the following 
formula (Fehr, 1987): 
 
Genotypic variance (VG) = (GMS – EMS) ⁄ r    
Environmental variance (VE) = EMS  
Phenotypic variance (VP) =   VG + VE    
Plot mean basis (h2

BS) = VG ⁄ VG + VE  
Genetic Advance (GA) =     i×√VP ×h2  
Where,

   
 

i at 20 % = 1.40 
 
RESULTS AND DISCUSSION 
 
Ear length (cm) 

The ear length or cob length also influence the 
production like other yields related parameters, as ear 
length and kernel rows ear-1 are positively and 
significantly correlated to kernel yield. Analysis of 
variance for ear length revealed non-significant (P>0.05) 
variation among the test crosses in both seasons. 
Contrasting results were observed by Carlone and Russell 
(1989) who recorded significant variations for ear length 
between test crosses of S2 lines. Co-efficient of variation 
was recorded to be 10.91% in season 1 and 31.40% in 
season 2 (Table-1). From Table 3, it is indicated that 
heritability observed was very low (0.04) and genetic 
advance (GA), environmental variance (Ve), and 
genotypic variance (Vg), were recorded to be 0.09, 2.35 
and 0.10, respectively in season 1. In season 2, the 
variance components Ve, Vg were 16.33 and 0.72, while 
heritability and genetic advance were recorded to be 0.04 
& 0.23 (Table-4). Low estimation of h2 was recorded by 
Beyene (2005) for ear length while studying phenotypic 
diversity for agronomical & morphological parameters in 
Ethiopian upland accessions. Very low estimation of 
heritability was observed for both seasons that indicated 
the high environmental impact on the traits expression. 
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Table-1. Mean square values and co-efficient of variations for various parameters during two seasons. 
 

Parameters 
 

Mean square values CV (%) 

Spring 
(Season 1) 

Summer 
(Season 2) 

Spring 
(Season1) 

Summer 
(Season 2) 

Ear length (cm) 2.56NS 17.78NS 10.91 31.40 

Number of kernel rows 1.08NS 4.84NS 6.86 16.10 

100 kernels weight (g) 15.28NS 27.565** 10.02 8.57 

Grain yield (kg h-1) 2298033.52** 2221734.29** 15.81 13.48 
 

Ns=Non-Significant, *=Significant at 5% level of probability, **=Significant at 1% level of probability 
 
Number of kernel rows ear-l 

The statistical analysis among the test crosses for 
the kernel rows per ear showed non- significant (P>0.05) 
variation in both seasons. In season 1 & season 2 the CV 
was 6.86% and 16.10%, respectively (Table-1). These 
observations are in the disagreements with the results of 
Carlone and Russell (1989) who’s noticed significant 
genetic differences for kernel rows in maize testcross. The 
environmental variance and genotypic variance were 
recorded to be 0.89, 0.09, respectively while heritability 
and genetic advance were observed to be 0.10 and 0.13 in 
season 1 (Table-3). The heritability estimation was 
recorded very low which was an indication of high 
environmental influence in breeding materials under 
observation. Low estimation was also recorded by Beyene 
(2005) for kernel rows ear-1 in maize breeding population. 
In season 2, the Ve, Vg, h2

BS, and GA were computed to 
be 4.16, 0.34, 0.08 and 0.23, respectively (Table-4). 

 
100 kernels weight (g) 

Kernel or grain weight is main yield element 
which has significant contribution to final yield. The 
statistical analysis revealed highly significant (P<0.01) 
differences among the test crosses of S5 lines in season 2, 
while non- significant (P>0.05) variations existed in 
season 1. Co-efficient of variations was observed to be 
10.02% and 8.57% in both the seasons, respectively 
(Table-1). In season 1, the genotypic variance (Vg) was 
1.79, environmental variance (Ve) was 11.7, genetic 
advance (GA) was 0.66 and broad sense heritability (h2

BS) 
was observed to be 0.13 (Table-3). In season 2, the 
genotypic variance (Vg) was 9.47, environmental variance 
(Ve) was 8.61, genetic advance (GA) was 3.09 and broad 
sense heritability (h2

BS) was noted to be 0.52 (Table-4). 
The heritability estimation was low to moderate in both 
seasons, which showed high environmental effect on the 
parameter. High to moderate GA was observed by Bello et 

al (2012) for 100 seeds weight while estimating the 
genetic traits in 3 maize crosses for yield and its 
characters. If the genetic advance (GA)  is high it means 
that the trait is controlled by additive genes action and 
selection will be beneficial for such parameter and if the 
estimation of GA is low it shows that the traits are 
controlled by non-additive genes.  
 
Grain yield (kg ha-l) 

Generally kernel (grain) yield in maize is a major 
and significant economic component in crop production. It 
is usually the topmost priority and major interest of plant 
breeders. Kernel yield is the basic and fundamental 
objective of every plant breeding scheme. Statistical 
analysis of variance indicated highly significant (P<0.01) 
differences among the test-crosses for grain-yield during 
the two seasons. Significant differences in yield potential 
of test-crosses have been reported by Rahman et al., 
(2007). These variations in yield parameters could be 
attributed to the different genetic back ground of materials 
used in various studies as the maize germplasm differed in 
yield attributes and components. Co-efficient of variations 
(CV) was recorded to be15.81% for season 1, and 13.48% 
for season 2 (Table-1). The variance components of both 
seasons are presented in Tables 3 and 4, respectively. The 
heritability and genetic advance were observed to be 0.38 
and 687.58 in season 1 (Table-3). In season 2, the genetic 
advance (GA) was 950.55 and broad sense heritability 
(h2

BS) was recorded to be 0.57 (Table-4). Moderate 
heritability estimation was observed for yield in both 
seasons. Ali et al., (2011) also recorded moderate 
heritability approximation for the kernel yield. If both the 
heritability and genetic advance estimation is high then the 
selection in such case will be effective. On the other hand 
if the estimation of heritability and genetic advance is low 
then the selection would be less effective due to high 
environmental influence. 
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Table-2. Genotype mean squares (GMS), error mean square (EMS) and genotypic variance 
(Vg) for various parameters during two seasons. 

. 

Parameters 
Spring  (Season 1) Summer  (season 2) 

GMS (M1) EMS (M2) Vg GMS (M1) EMS (M2) Vg 

Ear length (cm) 2.56 2.35 0.10 17.78 16.33 0.72 

Number of kernel rows 1.08 0.89 0.09 4.84 4.16 0.34 

100 kernels weight (g) 15.28 11.7 1.79 27.56 8.61 9.47 

Grain yield (kg h-1) 2298033.5 1042823.5 627604.9 2221734.2 616042.8 802845.7 

 
Table-3. Environmental variance (Ve), genotypic variance (Vg), broad-sense heritability (h2

BS) 
and genetic advance (GA) for various parameters during season 1. 

 

Parameters 
Spring (Season 1) 

Ve Vg h2
BS GA 

Ear length (cm) 2.35 0.10 0.04 0.09 

Number of kernel rows 0.89 0.09 0.10 0.13 

100 kernels weight (g) 11.7 1.79 0.13 0.66 

Grain yield (kg h-1) 1042823.5 627604.9 0.38 687.58 

 
Table-4. Environmental variance (Ve), genotypic variance (Vg), broad-sense heritability (h2

BS) 
and genetic advance (GA) for various parameters during season 2. 

. 

Parameters 
Summer  (Season 2) 

Ve Vg h2
BS GA 

Ear length (cm) 16.33 0.72 0.04 0.23 

Number of kernel rows 4.16 0.34 0.08 0.23 

100 kernels weight (g) 8.61 9.47 0.52 3.09 

Grain yield (kg h-1) 616042.9 802845.7 0.57 950.55 

 
CONCLUSIONS 

From the observations of statistical analysis, it 
could be concluded that various test-crosses expressed the 
capabilities of selection for the required desirable traits. 
Estimation of heritability and genetic advance for all the 
parameters were low to moderate which displayed 
comparatively high environmental influences on the traits 
expression in the breeding materials. The test-crosses 
which had low heritability estimation could be evaluated 
in multiple-location zones. The heritable potential of these 
superior test-crosses can be used in breeding of maize 
programs in Pakistan in general and in Khyber 
Pakhtunkhwa in particular. 
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