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Abstract. These experiments were conducted in two different sites to study the genetic variability and the mean performance of the elite different origin maize 
genotypes under irrigated condition in central region of Sudan during rainy season of 2015. The experiments were arranged in randomized complete block 
design with three replicates, the data were collected on days to 50% tasseling and silking, plant and ear height, ear length and diameter and grain yield. The 
analysis of variance for each site and cross sites showed a significant variability among tested genotypes for grain yield, days to 50% tasseling and silking, plant 
and ear height, ear length and diameter. Also significant differences were observed for genotypes, site and a cross site for most of the studied traits such as for 
grain yield, days to 50% tasseling and silking, plant and ear height, ear length and diameter. The combined results for genotypic coefficients of variability and 
broad sense heritability estimates grain yield, ear length and ear diameter varied significantly among the tested genotypes.
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Introduction

Maize (Zea mays L.) is considered as the third world most 
important cereal crop after wheat and rice (FAO, 2006), it is grown in 
various agro-ecological zones, the genus Zea belongs to the tribe 
Andropogneae, at sub family Panicoideae and family Poaceae. 
There are five species included in the genus Zea. They have been 
examined largely and have chromosome number (2n=20) (Nafziger, 
2008). Maize is a versatile crop grown over a range of agro climatic 
zones, in fact the suitability of maize to diverse environments is 

o ounmatched by any other crop. It is grown from 58 N to 40 S, from 
below sea level to altitudes higher than 300mm, and in areas with 
250mm to more than 500mm of rainfall per year, it is staple food for 
many people (Saad, 2009). The worldwide production of maize was 
more than 960 million MT in 2013. With cultivated area 2.2% from 
177 million hectare, the USA has the largest production at 37%, 
China 22%, Brazil 7%, and other countries 17% (Singh, 2014). The 
maize grain can be prepared for food in many different ways (fried, 
grilled, in a salad or soup). Processing maize can also produce a 
wide range of products, such as corn flour and cornmeal. Maize is 
also used in livestock feed (poultry, pigs, cattle) in the form of grains 
feed milling or fodder. In addition, it is also used as raw material in a 
range of industries (Agric-Food, Textile, Pharmaceutical). To create 
biodegradable plastics, bio fuel, and even alcohol (Ngosamnick, 
2012). 

In Sudan maize is the fourth cereal crop after sorghum, millet 
and wheat (Ahmed et al., 2008). There has been an increasing 
interest in developing maize cultivates. It is introduced in the 
diversification policy as a new food crop in the irrigated schemes. 
Local varieties are adapted to the unfavorable growing conditions. 
They constitute a good source of genes for breeding program (FAO, 
2006). Maize is of recent introduction and occupies 36960 hectares 
with 70000 tones production and yielded 1894 kg/hectare. Maize is 
cultivated under irrigation in the central, eastern and northern States 

(Ahmed et al., 2008).  Maize is among substitute crops to replace 
wheat in agricultural schemes especially in the Gezira scheme, it 
can occupy an important position in the economy of the country due 
to the possibility of blending it with wheat for making bread 
(Mohammed and Ali, 2006).

Maize is a genetically highly studied plant species, 
consequently, the inheritance of several characteristics and its 
genome are well known and there are several alternatives for 
incorporating useful characteristics into adapted materials. The 
methodology depends on the heritability, gene action, number of 
genes involved, heterosis, and genotype x environment interactions 
(Nass and Paterniani, 2000). Therefore, the objective of this study 
was to identify the genetic variability on maize genotypes under 
irrigation condition to asses yield potential of superior germplasm 
and compare grain yield of released varieties with the introduced 
germplasm.

Material and methods

Plant materials
The plant materials consist of thirteen genotypes with one local 

check Hudiba-2 that were developed in the maize research program 
and tested to verify their yield potential and important agronomic 
traits in different irrigated locations (Table 1). 

Experimental sites and conditions
All experiments were conducted at two locations Gezira and 

Rahad research stations farms during season 2015. The 
experiments were arranged a randomized complete block design 
with three replicates. The plot sizes were kept to 2 rows with 5m long 
with the inter and intra row spacing of 80x20cm, the seeds were 
sown in rate of three seeds per hill then thinned to one plant per hill. 
Fertilization was done using urea in split-applied dose by 
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broadcasting after two weeks from sowing and at flowering stage at 
a rate of 86 kg N/ha. Irrigation was carried out at 10-14 days' intervals 
to avoid any water stress. Weeding was done manually at least twice 
to keep the crop free from weeds. Overall, the trials were conducted 
under standard cultural practices recommended by ARC for maize 
production.

Data collection
The agronomic parameters were recorded for yield and 

components such as days to 50% tasseling, days to 50% silking, 
plant height, ear height, ear length and diameter, and grain yield. 

Statistical analysis 
The statistical analysis was conducted for each location and 

then combined to test significant differences among the genotypes. 
The analysis of variance was done according to Statistical Analysis 
for System (SAS Institute, 1997) for each season separately and 
then combined. Genotypic and phenotypic coefficients of variations 
were computed accordingly as follows:  

Genotypic coefficient of variation (GCV) was calculated as:

GCV = 

Phenotypic coefficient of variation (PCV) was calculated as:

 PCV = 

2Broad sense heritability (h B) estimates for yield and its related 
characters were computed as the ratio of genetic variance to 
phenotypic variance as follow: 

2h B = σ2g / σ2p, 
2Where: h B = broad sense heritability; 

     σ2 g =genotypic variance; 
     σ2 p= phenotypic variance.

Results and discussion

Across analysis of variances revealed a wide range of variation 
significant differences among the tested genotypes for grain yield. 
Days to 50% tasseling and silking, plant and ear height, ear length 
and diameter and grain yield were presented in Table 2. 

The analysis of variance in Gezira location Table 3, among the 
evaluated genotypes, most of the studied traits showed a significant 
difference, the best genotypes that obtained higher grain yield were 
S99TLWQ-1 followed by HSD-4592, HSD-3537 and also have some 
good ear characteristics, moderate shortness and earliness 
compared with the check. The performance of the genotypes 
developed well despite the water stress in the second location, 
therefore, the earliness genotypes were HSD-5158 and PR-89B 
5655 that flowered in 49 and 50 days' (Table 3), the higher yielding 
genotypes coupled with shortness types and big ear size such as 
HSD-5011 followed by OBATANPA-IR-#-# and S99TLWQ-1, 
respectively (Table 4). The combined analysis of variances across 
the two locations presented in Table 5 showed a significant 
difference for site, site across replication, genotype and genotype 
across site for most traits, this was attributed to genetic and 
environmental effects, as well as their interaction. Substantial 
variation among these different genotypes, also with different 
genetic sources, they constitute a good source of genes pool for a 
breeding program (Ali et al., 2010). Therefore, all of the studied traits 
showed a significant difference, the best genotypes having higher 
grain yield were HSD-5011 followed by S99TLWQ-1 and HSD-4592 
all having a good ear characteristics and earliness.

The estimates of genotypic and phenotypic coefficient of 
variation and heritability in broad sense, which were presented in 
Table 6, showed higher values of genotypic coefficient of variation 
which was obtained by grain yield in Rahad Research Farm (RRF) 
and across two locations, also the ear length obtained a higher value 
in Gezira Research Farm (GRF) and across the two sites.

The higher value of phenotypic coefficient of variation was 
obtained by grain yield and ear length in the two locations and their 
combined, but also ear placement having higher value in RRF and 
across the two locations, generally, most of the studied traits having 
a value range between 0.75 to 10.12. These results indicate the 
genetic variability among the tested genotypes in different locations 
due to environmental condition and GxE interaction effects.

Broad sense heritability was important selection index for best 
genotypes with higher heritable values, therefore, a higher value 
was recorded by flowering time days to 50% tasseling and silking, 
plant height and ear length in all sites and across them, 
nevertheless, a low heritable values obtained by grain yield, 
generally, grain yield having higher values for genotypic and 
phenotypic coefficient of variation and a moderate  heritable values 
in GRF and across locations but it was higher in RRF (Table 6). 
Genetic variability studies provide basic information regarding the 
genetic properties of the population based on which breeding 
methods are formulated for further improvement of the maize crop. 
They are useful and help in understanding the nature and extent of 
variability that can be attributed to different causes, sensitive nature 
of the maize crop to environmental factors. Generally, progress in 
any crop improvement venture depends mainly on the variability 
existing in the metric traits of the base population. Hence, to have a 
thorough comprehensive idea, it is necessary to have an analytical 
assessment of yield components (Johnson et al., 1955).  

Table 1. Name and origin of maize genotypes evaluated 
in irrigated condition Gezira and Rahad Research 
Station Farm season, 2015

Genotype 

number

Genotype

 name
Origin

1

2

3

4

5

6

7

8

9

10

11

12

13

14

HSD-3542

HSD-3537

HSD-3543

HSD-4592

HSD-5007

HSD-5011

HSD-5158

HSD-5514

OBATANPA-IR-#-#

PR-89B-5655

S99TLWQHG"AB"-#-#

S99TLWQ-1

S00TLWQ-#-#-#

 HUDIBA-2 (Local check) 

Sudan

Sudan

Sudan

Sudan

Sudan

Sudan

Sudan

Sudan

CIMMYT

CIMMYT

CIMMYT

CIMMYT

CIMMYT

Sudan

X

X



Table 2. Genotypic, phenotypic variances and heritability estimates of maize genotypes tested at Gezira and Rahad 
season, 2015

*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels, respectively

Grain 

yield

DF Days to 

50% 

tasseling

Days to 

50%

silking

Plant

height

Ear 

height

Ear 

length

Ear 

diameter

Source of 

variation 

Site

Rep x site

Genotypes

Genotypes  x site

Error 

Mean 

CV, %

Table 3. The mean performance of maize genotypes traits evaluated in Gezira location season, 2015 

*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels, respectively. The mean with the same letter was not significant according to 
Duncan's Multiple Range Test (DMRT); DT=Days to 50% Tasseling, DS=Days to 50% Silking, PH= Plant Height, EH= Ear Height, 
EL=Ear Length; ED= Ear Diameter, and GY= Grain Yield.

DT DS PH EH ED GYGenotypes

HSD-3542

HSD-3537

HSD-3543

HSD-4592

HSD-5007

HSD-5011

HSD-5158

HSD-5514

OBATANPA-IR-#-#

PR-89B-5655

S99TLWQHG"AB"-#-#

S99TLWQ-1

S00TLWQ-#-#-#

HUDIBA-2

Mean

CV, %

F value

57   

58

58

56

58

58

57

58

55

57

57

56

58

58

57

56

2.960

bcdef50.3
f47.000
def49.0 0
bcdef50.0
bcdef50.3 fff

ab54.0 ffff0
abc53.3 ffffff

a55.0 ffffffffff

abcd52.3 fff

abcdef51.0
abcde51.3 f

bcdef50.0
f48.0
abcde51.6

51.0

4.20

3.17**0

ab165.0
ab151.5
ab143.5
ab157.5
ab162.7
b137.7
ab153.7
ab143.5
ab161.7
a166.0
ab158.0
ab153.2
ab159.7
ab153.2

153.8

10.050

5.41**00

0 ab92.00
 ab 943

ab87.6.0
ab90.3.0

a95.30
ab93.60
bc82.60
ab90.60
ab93.30
a94.60
ab92.30
ab90.60
ab92.60

ab91.000

90.5.0

6.600

2.1*00

ab165.
a151.5 b
ab143.5
ab157.5
ab162.7
b137.7
ab153.7
a143.5 b
ab161.7

a166
ab158

ab153.2
ab159.7
ab153.2

153.8

10.50

5.5**00

3.5

3.4

3.2

3.3

3.5

3.3

3.4

3.5

3.5

3.7

3.5

3.5

3.4

3.4

3.4

8.5

1.9

EL

cd1312.6
abc2149.2
abcd1764.3
ab2242.9
abcd1554.7

cd1301.
abcd1669.4
bcd1379.1
abcd1861.2
abcd1835.5
abcd1675.6
a2321.9
abcd1741.5
abcd1655.6

1679.4

32.600

1.04*000

1

4

14

14

56

59.2

1.06

16.4

4.4

3.3

48

3.7

57.6

2.8

17.1

4.7

3.3

51

3.5

11673.6

340.1

449.4

52.6

57.6

170.6

4.4

11200.2

210.9

127.05873

37.77302

74.1

79.3

10.8

4.444

1.03

11.9

1.5

1.4

18.5

6.4

1.6

0.11

0.12

0.03

0.05

3.8

5.8

49464725.4

3146927.9

1705549.7

2044152.9

1307645.1

3762.02

30.3

***

*

**

***

***

***

***

*

**

***

***

*

***

**

*

***

***

***

*
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Table 5.  The mean performance of maize genotypes traits in two sites combined season, 2015 

*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels, respectively. The mean with the same letter was not significant according to 
Duncan's Multiple Range Test (DMRT); DT=Days to 50% Tasseling, DS=Days to 50% Silking, PH= Plant Height, EH= Ear Height,
 EL=Ear Length; ED= Ear Diameter, and GY= Grain Yield.

DT DS PH EH ED GYGenotypes

HSD-3542

HSD-3537

HSD-3543

HSD-4592

HSD-5007

HSD-5011

HSD-5158

HSD-5514

OBATANPA-IR-#-#

PR-89B-5655

S99TLWQHG"AB"-#-#

S99TLWQ-1

S00TLWQ-#-#-#

HUDIBA-2

HSD-3542

Mean

CV, %

F value

def48
f46.1

ef47
cdef48.1

def48
a52
abcd50
ab51
abc50

bcde48.8
cdef48.5
ef47.1

ef47
ef47.5
cdef48.3

48.5

3.70

4.96**0

def51
f49.1
ef50.1
def51.3

def51
a55.3

cd53b
ab54

abc53.6
cde52

cdef51.3
ef50.3

ef50
def50.6
cde51.3

51.6

3.50

5.19**0

bcd172.8
cd172.1b

cde168.5
cd169.6
bcd174.5

189a
f150.5
bcd170.5

bc175
b180.1
bcd170.8
bcd171.5
bcd170.3
e159.3
ds164.3

170.6

4.400

7.80**00

ab75.6 c
ab82.5
abc74.5
abc80.3
ab83.3

a85
bc72.1
abc80.6
a84.1
a85.5

abc80
abc79.6
abc78.6
c70.3
abc77.6

79.3

10.4

1.72*0

bc17.9
bc17.8
bc17.4
b18.3
bc17.5
b18.9
a20.5
b18.5
a21.3
a21.2
bc17.4
bc17.6
bc17.7
c17.2
bc17.8

18.5

6.40

8.48**0

bcd3.71
abcd3.81
abcd3.85
cd3.70
abcd3.78
ab4.01
a4.05
abc3.93
bcd3.73
abc3.91
abcd3.76
abcd3.75
d3.58
a4.05
cd3.68

3.8

5.8

2.42**

EL

abc3977.0
abc3975.3
c2924.4
abc4208.3
abc3451.7
a4752.5
bc2993.7
abc3175.8
abc4030.5
abc3681.2
abc4035.0
abc3402.0
abc3551.2
ab4556.5
abc3706.2

3762

30.300

1.30*000

Table 4. The mean performance of maize genotypes traits evaluated in Rahad location season, 2015 

*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels, respectively. The mean with the same letter was not
significant according to Duncan's Multiple Range Test (DMRT); DT=Days to 50% Tasseling, DS=Days to 50% Silking, PH= Plant Height, 
EH= Ear Height, EL=Ear Length; ED= Ear Diameter, and GY= Grain Yield.

DT DS PH EH ED GYGenotypes

HSD-3542

HSD-3537

HSD-3543

HSD-4592

HSD-5007

HSD-5011

HSD-5158

HSD-5514

OBATANPA-IR-#-#

PR-89B-5655

S99TLWQHG"AB"-#-#

S99TLWQ-1

S00TLWQ-#-#-#

HUDIBA-2

HSD-3542

Mean

CV, %

F value

c48.6
c48.3
bc49.3
bc49.3
c48.6

a53.
bc49.6

bc50.
ab51.6
c50.b
c48.3
c47.6

c49.
c49.

c48.6

49.3

2.60

3.3**0

c51.6
c51.3
c51.3
bc52.6
bc51.6
a56.6
bc52.6

bc53
ab55
bc53

c51.3
c50.6

c52.
c52.

c51.6

52.4

2.70

3.4**0

bc163.6
bc158.6

cd153
bc159.3
bc158.3
a180.3
d143.6

bcd158
bc165.6
ab168.3
bcd156.3
bc162.6
bcd155.6
cd151.3
cd153.3

159.2

4.700

3.7**00

a59.3
a70.6
a61.3
a71.3
a71.3
a76.3
a61.6
a70.6

a75
a76.3
a67.6
a68.6
a64.6

a64
a64.3

68.2

14.8

0.88

b18.3
b17.8
b17.3
b19.2
b18.4
b18.9
b19.4
b19.4
a21.5
a21.8
b17.6
b17.9
b17.6
b17.2
b18.4

18.7

6.20

4.3**0

abc3.9
abc3.9
ab4.0 c
abc3.8
abc4.0
a4.1
abc4.0
abc4.0
bc3.8
abc3.9
abc4.0
abc3.9
c3.7
ab4.1
bc3.8

3.9

4.0

1.6

EL

abcd4546
abcd4517.7
cd3293.3

ab5855
abcd4390.3
a6148.7

d3165
abcd4125.7
abcd5155.7

abc5416
abcd5178

bcd3734.7
bcd3733.7
abcd4748.7
cd3542.3

4503.3

25.200

1.9**000
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Conclusion 

From the results obtained it is concluded that there is genetic 
variability among the tested genotypes for most of the studied traits, 
therefore, a significant difference was detected for genotypes, site 
and across site for grain yield, days to 50% tasseling and silking, 
plant and ear height, ear length and diameter. The combined results 
for genotypic coefficients of variability and broad sense heritability 
estimates grain yield, ear length and ear diameter varied 
significantly among the tested genotypes
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PH
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4.01

GRF RRF Across

Phenotypic coefficient of variation

GRF RRF Across
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4.50
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows:  Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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