
International Journal of Food Science and Agriculture, 2021, 5(1), 85-90 
http://www.hillpublisher.com/journals/jsfa/ 

ISSN Online: 2578-3475 
ISSN Print: 2578-3467  

 

DOI: 10.26855/ijfsa.2021.03.012 85 International Journal of Food Science and Agriculture 
 

Genetic Variability, Heritability and Genetic 
Advance Estimates in Some Maize (Zea mays L.) 
Varieties in Sudan 

Mohammed A. Mohammedali1, Omer A. Mohamed1,*, Mohielden G. Abdalla2, Kamaleldin A. M. A. 
Taha2, Esam Mahgoub M. Ahmed1 

1Department of Agronomy, Faculty of Agriculture, Omdurman Islamic University, P.O. BOX 382, Sudan. 
2Department of Horticulture, Faculty of Agriculture, Omdurman Islamic University, P.O. BOX 382, Sudan. 
 
 

How to cite this paper: Mohammed A. 
Mohammedali, Omer A. Mohamed, Mo-
hielden G. Abdalla, Kamaleldin A. M. A. 
Taha, Esam Mahgoub M. Ahmed. (2021) 
Genetic Variability, Heritability and Ge-
netic Advance Estimates in Some Maize 
(Zea mays L.) Varieties in Sudan. Interna-
tional Journal of the Science of Food and 
Agriculture, 5(1), 85-90. 
DOI: 10.26855/ijfsa.2021.03.012 
 
Received: December 27, 2020 
Accepted: January 24, 2021 
Published: February 5, 2021 
 
*Corresponding author: Omer A. 
Mohamed, Department of Agronomy, 
Faculty of Agriculture, Omdurman 
Islamic University, P.O. BOX 382, 
Sudan. 
Email: omerbz99@gmail.com 
 
 

  Abstract 
An experiment was conducted during winter season 07/2008. Twenty five maize 
varieties for ten traits were studied in randomized complete block design (RCBD) 
with three replications at the field of experiments of the Faculty of Agriculture, 
Sudan University of Science and Technology in Khartoum (Shambat) Sudan to 
estimate the magnitude of their genetic variability, heritability and genetic ad-
vance for yield and yield components were studied plant height (cm), ear height 
(cm), fresh ear weight dehusked (g), number of husk leaves, dry ear weight (g), 
ear length (cm), number of rows per ear, number of kernels per row, weight of 
hundred kernels (g), and grain yield (kg/ha). Analysis of variance revealed sig-
nificant differences for most characters studied among the varieties. The pheno-
typic coefficient of variation (PCV) is higher than genotypic coefficient of varia-
tion (GCV) recorded for all traits. The highest heritability and high value 
(64.29%) was found for number of husk leaves followed by ear height (60.29%), 
moderate heritability estimates were observed for plant height (51.74%), fresh ear 
weight dehusked (46.91%) and ear length (39.29%). Genetic advane as percent of 
mean was the highest for ear length (51.04) and weight of hundred kernels 
(20.49) indicating additive gene action for these traits. The information generated 
from this study, maize breeder can be exploited for future maize breeding pro-
grams. 
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1. Introduction 

Maize also name Corn (Zea mays L.) is a grain crop that belongs to the family Poaceae, it has great yield potential 
and attained the leading position among cereal based on production as well as productivity and that is why it is called 
“queen of cereals” [1]. Maize is the third most important food crop of the world, after wheat and rice, providing 15% of 
the protein, and 19% of the calories for the developing countries [2]. In the Sudan maize is the fourth cereal crop after 
sorghum, wheat and millet [3]. Maize is a multipurpose crop, provides food for human, feed for animals and poultry, 
and fodder for livestock. It is a rich source of raw materials for industry. Also, maize is an important source of calories 
and protein in human lives in many countries of the world and is the main staple food in Africa particularly in eastern 
Africa [4]. In the Sudan, Maize grown in small scales under rainfed conditions in Kordofan, Darfour, and Southern 
states, under irrigation in Northern States and under flood irrigation in Kassala State [5]. Grain yield is affected by ge-
notype and environmental factors because of its quantitative properties. Effectiveness of selection is dependent upon the 
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availability of large genetic variability present in the breeding material for the target character and the extent to which it 
is heritable, it also depends on the direction and magnitude of association between the traits to be improved [6]. Genetic 
variability in a crop population is important for successful plant breeding. The success of any plant breeding program 
depends on the genetic variability and selection skill of plant breeder [7]. The mean values, genotypic and phenotypic 
variances, heritability, and the genetic advance of agronomic traits are some of the key parameters which determine the 
efficiency of a breeding program. The phenotypic variance explicates the total variance among phenotypes tested in 
different environments of interest to the plant breeder while the total genotypic variance explains the portion of pheno-
typic variance attributable to the failure of homogeneity among genotypes in different environments [8]. Heritability of 
a metric character is one of its important properties, and this expresses the proportion of the total variance that is attri-
butable to the average effects of genes, and this is what determines the degree of resemblance between relatives. Herita-
bility estimates allow breeders to develop more efficient selection strategies and to predict Heritability alone provides 
no indication of the amount of genetic improvement that would result from selection of individual genotypes. Hence 
knowledge about genetic advance coupled with heritability is most useful. Character exhibiting high heritability may 
not necessarily give high genetic advance. Heritability value alone may not provide clear predictability of the breeding 
value. Heritability in conjugation with genetic advance over means (GAM) is more effective and reliable in predicting 
the resultant effect of selection. GA is also of considerable importance because it indicates the magnitude of the ex-
pected genetic gain from one cycle of selection [9].  

The Phenotypic and genotypic coefficients of variation (PCV and GCV) are used to determine the extent of variabil-
ity among traits of crops and are essential in selecting polygenic yield determining traits [10]. Therefore, the present 
study was carried out to assess the extent of genetic variability, heritability and genetic advance among maize varieties 
for yield and its components for efficient design of maize breeding schemes. 

2. Methods 
2.1 Experimental site 

This experiment was carried out in the field of the College of Agricultural Studies, Sudan University of Science and 
Technology, Shambat, Sudan, during the winter season, 07/2008. It was located at latitude of 15°40′′N, longitude of 
32°32′′E, and altitude 386 m above sea level. The soil was clay soil with a pH in the range of 7.8-8.5. 

2.2 Plant materials 
The genetic material used in this study consisted of twenty three open pollinated maize varieties obtained from 

CIMMYT in addition to two local varieties viz Mugtama-45 and Var.113 presented in Table 1. 

2.3 Cultural Practices 
Before plowing, experiment land was cleaned from remains of previous crop, and then plowed with Disc Plow, a 

deep plow of 35 cm, after making sure that the land is suitable for agriculture and of appropriate humidity, after that dirt 
blocks were broken and soil was rotovating by Disc harrow. After that leveling land using a scrapper, and before plan-
ning soil with Ridger, process of spreading phosphate fertilizer, planning process was carried out with a distance of 80 
cm between the moth and the other. 

2.4 Method of sowing 
Planting was done manually in holes on upper third of line by placing three grains in each bush with a depth of 3-5 

cm with a distance of 80 cm between lines and 25 cm between plants. Thinning was carried out two weeks after seedl-
ing emergence to one plant per hill. A dose of fertilizer application, 2N (100 kg/ha) was added in split dose after emer-
gence of two weeks and before flowering. Hand weeding was done to keep the plot free of weeds. irrigation process 
was carried out immediately after planting by adding a sufficient amount of water and then irrigation rolled after first at 
a rate of (6-10) days until weaning after ripening of grains, which ranged between (110-120) Days of cultivation. 

2.5 Data observation 
Observations were taken on randomly selected 10 plants from each experimental plot for all the traits under consider-

ation included, plant height (cm), ear height (cm), fresh ear weight dehusked (g), number of husk leaves, dry ear weight 
(g), ear length (cm), number of rows per ear, number of kernels per row, weight of hundred kernels (g), and grain yield 
(kg/ha).  

2.6 Statistical analysis  
The experiment was carried out in Randomized Complete Block Design (RCBD), with three replicates, data collected 

on all the traits studied were subjected to analysis of variance (ANOVA) according to [11], using statistical software, 
M-STAT-C. 
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Table 1. List of twenty five varieties used in the study 

Number Variety Source 

1 S03SLW-LE CIMMYT 

2 S03SIW CIMMYT 

3 S03SIW-HG"A" CIMMYT 

4 S03SIW-HG"AB-2" CIMMYT 

5 S03SLW-MBR-1 CIMMYT 

6 S02WQ-Q27*TX CIMMYT 

7 ACROOS-2G27WQ CIMMYT 

8 ACROSS-02G27WQ-1 CIMMYT 

9 ACROSS-02SIWQ CIMMYT 

10 TLALTIZAPAN9944 CIMMYT 

11 ACROSS-02[TX*TX] CIMMYT 

12 ACROSS-02[284/176] CIMMYT 

13 HYDERABAD97502 CIMMYT 

14 Var.113 ARC 

15 S03SIY-1 CIMMYT 

16 S03SIY-2 CIMMYT 

17 S03SIY-MBR CIMMYT 

18 ACROSS-S00HGY-"B" CIMMYT 

19 S02G29YQ CIMMYT 

20 ACROSS-S02G29YQ CIMMYT 

21 TLATIZAPAN.02G29YQ CIMMYT 

22 S02SIYQ CIMMYT 

23 TLATIZAPAN9735 CIMMYT 

24 SSCY9916 CIMMYT 

25 Mugtama – 45 ARC 

Source: ARC-Agricultural Research Corporation, Sudan.  

2.7 Estimation of variance components 
Variance components were estimated to identify genetic variability among vareities. Error (σ2e), genotypic (σ2g) and 

phenotypes (σ2p) variances were calculated from expected mean squares of analysis of variance by adopting the formula 
suggested by [12]. 

Error variance σ2e = MSe 
where: MSe = mean square of error 

Genotypic variance σ2g = (MSg - MSe)/r 
where: MSg = mean square of genotype, MSe = mean square of error and r = number of replications 

Phenotypic variance σ2ph = σ2e+ σ2g 
where: σ2e = error variance and σ2g = genotypic variance 

2.8 Phenotypic and genotypic coefficient of variation 
The estimates of phenotypic and genotypic coefficient of variation were calculated as described by [13]. 

PCV%=√Vp/X 
GCV%=√Vg/X 

where: PCV is phenotypic coefficient of variance, Vp is phenotypic variance, X = Grand mean of a trait. GCV is geno-
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typic coefficient of variance, and Vg is genotypic variance. GCV and PCV values were categorized as low (0-10%), 
moderate (10-20%), and high (20% and above) as indicated by [14]. 

2.9 Heritability 
It was estimated as the ratio of total genotypic variance to the phenotypic variance according to [15]: 

H2=Vg/Vp×100 
where: H2 = % Broad sense heritability. The heritability percentage was categorized as low (0-30%), moderate 
(30-60%), and high ≥ 60% as described by [16]. 

2.10 Genetic advance 
Genetic advance (GA) was estimated using the formula by [13]: 

Genetic Advance (GA) = H × ph × K 
where: H is heritability, ph is phenotypic standard deviation, and K is selection deferential (2.06 at 5%). 

Genetic Gain (%) = GA × 100; it is categorized as low (0-10%), moderate (10-20%) and high (20% and above) as 
described by [16]. 

The genetic advance as a% of the mean (GAM) was calculated as: 
GAM% = GA/X ×100 

where: GA = Genetic advance and X = Grand mean of a trait. 

3. Results 
Analysis of variance showed highly significant value at 1% probability for most of traits studied viz, plant height , ear 

height, fresh ear weight dehusked, number of husk leaves, ear length and except number of rows per ear showed signif-
icant at 5% probability. The mean sum of square due to varieties, replications and error are presented in Table 2. Thus, 
the genetic variability recorded in this study could be exploited by plant breeders to develop varieties. 

Genetic parameters of yield and their components are given in Table 3. In the present study, the highest genotypic 
variance were observed for grain yield (432,418.19) and fresh ear weight dehusked (303.01) while the lowest genotypic 
variance was found for number of rows per ear (0.13) and weight of hundred kernels (0.41). The highest phenotypic 
variances were for grain yield (3,122,322.47) followed by fresh ear weight dehusked (645.99) while the lowest were for 
number of rows per ear (0.58) and ear length (1.12). The highest environmental variance was found for grain yield 
(2,689,904.28) and fresh ear weight dehusked (342.98) while lowest was found for number of husk leaves (0.40) and 
number of rows per ear (0.45). Phenotypic variances were greater than the genotypic variances. 

Genotypic coefficient of variation(GCV) was the highest in case of fresh ear weight dehusked (10.98) and ear height 
(9.54) while lowest genotypic coefficient of variance was found for number of kernels per row (2.67). moderate (PCV) 
was the highest in case of grain yield (23.97) followed by dry ear weight (19.70), while lowest phenotypic coefficient of 
variance was found for number of rows per ear (5.15) and ear length (6.31). Moreover, moderate genotypic coefficient 
of variation were observed (≥10%) for fresh ear weight dehusked, while moderate and high (20% and above) phenotyp-
ic coefficient of variance were observed for weight of hundred kernels (12.21), ear height (12.28), fresh ear weight de-
husked (16.03), dry ear weight (19.70) and grain yield (23.97).  

Broad sense heritability (H2), an estimate of the total contribution of the genotypic variance to the total phenotypic 
variance ranged from (7.52%) to (64.29%) in Table 3. The highest heritability and high value (64.29%) was found for 
number of husk leaves followed by ear height (60.29%), moderate heritability estimates were observed for Plant height 
(51.74%), fresh ear weight dehusked (46.91) and ear length (39.29). 
Table 2. Mean squares from analysis of variance for ten characters in twenty five of maize varieties grown at Shambat winter 

07/2008 

S.O.V D.F PH EH FEWD NHL DEW EL NRE NKR 100-W GY 

Varieties 24 388.59 ** 251.38** 1,252.01** 2.572** 463.58n.s 1.996** 0.827* 11.58n.s 6.27n.s 3,987,158.84n.s 

Replication 2 548.78 178.49 884.25 0.05 61.05 2.23 1.75 21.30 48.56 5,395,733.85 

Error 48 92.15 45.26 342.98 0.40 303.59 0.68 0.45 9.28 5.04 2,689,904.28 

C.V.%  5.87 7.74 8.56 5.25 18.17 4.92 4.54 9.26 12.70 22.25 

PH—Plant height; EH—ear height; FEWD—fresh ear weight dehusked; NHL—number of husk leaves; DEW—dry ear weight; EL—ear length; 
NRE—number of rows per ear; NKR—number of kernels per row; 100-W—weight of hundred kernels; GY—grain yield; ns = non significance 
difference; * = significant at 5% probability level; **= significant at 1% probability level. 



Mohammed A. Mohammedali et al. 
 

 

DOI: 10.26855/ijfsa.2021.03.012 89 International Journal of Food Science and Agriculture 
 

Table 3. Estimation of means, variance components, coefficients of variability, genetic advance and genetic advance as per-
cent of mean of different characters in twenty five varieties 

Genetic parameter PH EH FEWD NHL DEW EL NRE NKR 100-W GY 
Mean 163.55 86.89 158.58 12.09 95.88 16.77 14.78 32.89 17.67 7,372.72 
GV 98.81 68.71 303.01 0.72 53.33 0.44 0.13 0.77 0.41 432,418.19 
PV 190.96 113.97 645.99 1.12 356.92 1.12 0.58 10.05 5.45 3,122,322.47 
EV 92.15 45.26 342.98 0.40 303.59 0.68 0.45 9.28 5.04 2,689,904.28 

GCV 6.08 9.54 10.98 7.02 9.62 3.96 4.44 2.67 3.62 8.92 
PCV 8.45 12.28 16.03 8.75 19.70 6.31 5.15 9.64 12.21 23.97 
H2 51.74 60.29 46.91 64.29 14.94 39.29 22.41 7.66 7.52 13.85 
GA 14.73 13.26 24.56 1.40 5.81 8.56 0.35 5.00 3.62 504.15 

GAM% 9.01 15.26 15.69 11.58 6.06 51.04 2.37 15.20 20.49 6.84 
GV—Genotypic variance; PV—Phenotypic variance; EV—Environmental variance; GCV—Genotypic coefficient of variation (%); 
PCV—Phenotypic coefficient of variation (%); H2—Heritability (%);GA—Genetic advance; GAM—Genetic advance as percentage of mean; 
PH—Plant height; EH—ear height; FEWD—fresh ear weight dehusked; NHL—number of husk leaves; DEW—dry ear weight; EL—ear length; 
NRE—number of rows per ear; NKR—number of kernels per row; 100-W—weight of hundred kernels; GY—grain yield. 

The genetic advance values for ten characters of maize varieties are presented in Table 3. Genetic advance as percent 
of mean was the highest for ear length (51.04) followed by weight of hundred kernels (20.49), similarly moderate ge-
netic advance observed in fresh ear weight dehusked (15.59), ear height (15.26), number of kernels per row (15.20) and 
number of husk leaves (11.58), while low Genetic advance was found for Plant height (9.01), grain yield (6.84), dry ear 
weight (6.06) and number of rows per ear (2.37).  

4. Discussion 
Moderate and high genotypic coefficient of variation and phenotypic coefficient of variation were reported by [17]. 

The estimated of phenotypic coefficient values were higher than corresponding genotypic coefficient values. According 
to described by [16]. Result presented in this study and of the reported studies is in agreement with the findings of [18] 
and [19]. The higher and moderate value of heritability for number of husk leaves, ear height, Plant height, fresh ear 
weight dehusked and ear length indicates these characters can be used as the genetic parameters for the improvement 
and selection of higher yielding genotypes and easily be passed from one generation to the next then enhancing the effi-
ciency of selection in maize improvement program. Moderate and high genetic advance were reported by [20]. High 
values of genetic advance are indicative of additive gene action where as low values are indicative of non-additive gene 
action. The greater values of genetic advance indicated that ear length, weight of hundred kernels, fresh ear weight de-
husked, ear height and number of kernels per row can be used for selecting higher yielding varieties. 

5. Conclusion 
In conclusion, the present study identified the presence of genetic variability among 25 tested varieties. The estimated 

of phenotypic coefficient values were higher than corresponding genotypic coefficient values. High heritability esti-
mated were observed for number of husk leaves and ear height, moderate heritability estimates were observed for Plant 
height, fresh ear weight dehusked and ear height. Genetic advance as percent of mean was the highest for ear length and 
weight of hundred kernel. Hence, the information generated from this study, maize breeder can be exploited for future 
maize breeding programs. 
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