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Abstract   

Shortage of water is disastrous for crop production. The aim of this work is 

to obtain a group of maize inbred lines and hybrids that tolerates water def-

icit and collecting molecular characterizations for selection. This work was 

conducted in the 2019 and 2020. Five maize pure inbred lines B73, A132, 

NA30, S7 and DR-B1 were planted according to the design of half-diallel 

cross-breeding of the second Griffing method, and then 10 hybrids and 5 

inbred lines were planted under the impact of irrigation intervals of 5, 10 

and 15 days according to the Randomized Complete Block Design (RCBD) in 

split plot with 3 replicates. Results showed significance genotypes respons-

es. The hybrid DR-B1 × S7 recorded the highest means of seed number per 

row (34.49 seed row-1), weight of 300 seed (80.77 g), and single plant yield 

(167.2 g). The shortest irrigation interval of 5 days recorded the highest 

number of seeds per row (35.39 seed row-1) and single plant yield (162.3 g). 

Similarity analysis showed a highest genetic diversity (lowest genetic simi-

larity) was 0.83 between inbred 4 and 5. The highest genetic divergence (the 

least genetic similarity) between hybrids and inbred lines was 0.78 in inbred 

4 and hybrid 3 x 2, while the highest genetic divergence of 0.92 was found 

between hybrids of 3 x 1 and 5 x 4. UPGMA analysis showed that inbred 5 (DR

-B1) and inbred 4 (S7) in addition to 1×3, 1×2 and 1×4 hybrids high diver-

gence. Therefore, yield components characteristics can be used for selec-

tion in breeding programmes and ISSR (inter simple sequence repeats) is a 

promising and efficient technique in identification of maize genotypes DNA 

molecular markers for water deficit tolerance selection.   
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Introduction   

Maize is considered as one of sensitive crops to water deficit, especially at 
the reproductive stage, and 45-60% of its total yield could be lost (1, 2). Mil-

lions of people around the world value maize as one of the high-profit crops. 

It is considered as the main source of food and feed (3), the good content of 

starch, protein, oil, vitamins and minerals in grain in addition to being in-

dustrial crop for bio fuel production (4). It is one of the crops that have long 

been associated with food security (5). According to UNESCO and by 2025, a 

significant % amounted to be more than 60% of people all over the world 

will face the danger of water shortage because of the predicted dramatic 

decrease in crop production (6).  
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 Water shortage is a crucial factor in crop produc-

tion. It limits the expansion and development of all activi-

ties of social and economic life in various fields, especially 

in the field of agriculture. Most Iraqi agricultural crops are 

located in semi-arid areas, and currently, the scarcity of 

irrigation water in terms of the quantity and quality of wa-

ter flowing into the Tigris and Euphrates rivers is de-

creased. Therefore, their levels fluctuate from one season 

to another. Moreover, low falling rates of rain out of grow-

ing season, high temperatures and evaporation rates in 

addition to lack of water and soil resources management 

has increased water deficit. The demand for food is as nor-

mally increased as the population growth rate increases. 

As a result, improving drought-resistant genotypes is one 

of the most important approaches that can be applied in 

response to contemporary climatic changes. Water deficit 

is predicted to impact the growth of the world population 

significantly, which indicates a real danger in the distribu-

tion of available water resources. Therefore, there were 

suggestions and research by plant breeders to obtain hy-

brids that will be well adapted to tolerate drought and 

have an important role in modulating the physiological 

reactions of the plant leading to a rapid adaptation to ad-

verse environmental conditions. 

 All that may help explain how characteristics can be 
inherited from one generation to another. One of these 

methods is the second method of half diallel cross that 

was designed and it involves parents and all the possible 

crosses. Although practicing field services immaculately 

explain about 30-50% of yield increases, the remaining 

percentage could be described by genetic methods (7, 8). 

Therefore, plant breeders through selection try to nomi-

nate the good parents for their aimed characteristics and 

then obtain the possible enhanced hybrids, especially for 

high yield. The most important concern of plant breeders 

is the rate of decrease or loss in yield as a result of stress, 

meaning that they thus emphasize the yield under stress 

conditions. However, the decrease in production per unit 

of the area could be explained by factors related to the 

adaptation of the crop rather than stress conditions. Num-

ber of methods was used to distinguish lines or genotypes 

that have a good productive capacity under conditions of 

stress or drought. Some of them used mathematical equa-

tions to compare the outcome under conditions of stress 

and non-stress. Several reports have been documented on 

the correlation of drought indices with drought tolerance 

of different crops (9-11). 

 Nowadays, the science of biotechnology is one of 

the vital elements that are widely applied for improving 

crop performance and production, especially the molecu-

lar aspects that deal with DNA because of its role in short-

ening the time the improvement (12-14). Molecular marker 

is independent of environmental effects and contributed 

exploration in plant breeding significantly. Inter Simple 

Sequence Repeats (ISSR) is a technology of detecting large 

number of polymorphic bundles with high level of efficien-

cy of DNA sequencing determination. The aim of this work 

is to evaluate the tolerance of maize inbred lines and their 

hybrids to water deficit, and collecting genetic information 

and molecular characterization from DNA using ISSR index 

of genetic similarity and diversity for selection purposes.    

 

Materials and Methods   

This work had 5 locally derived pure inbred lines, and their 

details are listed in (Table 1).  

Inbred lines experiment 

The inbred lines seeds were planted in 2019. For obtaining 

pollen grains, inbred lines were planted into two separat-

ed plots. Firs plot was planted on 15th of July, and then 

around a week after another plot was planted for synchro-

nized flowering. Each plot had the 5 inbred lines with 6 

planted lines. Each planted line was 4 m in length and the 

distances between planted lines was 90 cm and 2-3 seeds 

were planted in distance of 2-3 cm hills. Crosses of inbred 

lines according to the half-diallel of second method of 

Griffing were carried out for all the possible hybridizations, 

and 10 hybrids were obtained according to the equation of 

P(P-1)/2.   

Performance experiment       

This experiment was carried out in 2020 to investigate the 

performance of hybrids and the inbred lines under water 

deficit. Randomized complete blocks design (RCBD) in 

split plot with three replicates was applied. Irrigation inter-

vals of 5, 10 and 15 days between irrigations were in main 

plots. However, 15 genotypes (5 inbred lines and 10 hy-

brids) were in sub plots. The experimental unit had 15 lines 

each of 2 m length and the distance between lines was 75 

cm and between hills was 25 cm. Seeds were planted on 

20th of March and characteristics of days until 50% silking, 

plant leaf area (cm2 plant-1), grains number per row, weight 

of 300 grain (g) and single plant yield (g) were studied. 

Molecular estimation         

The DNA was extracted from actively growing leaves and 
the quantity of DNA was determined by a spectrophotom-

eter at 260 nm. The ratio of 260 nm/280 nm of absorbance 

was applied to determine DNA purity. For PCR, a ratio of 

1.8-2.1 in a 10 ng L-1 dilution was utilized. For measuring 

genetic diversity, 10 random ISSR markers were used 

(Table 2). 10 ng of DNA template, PCR buffer [50 mM KCl, 

10 mM Tris-HCl pH 8.3, 1.5 mM MgCl2 and 0.001 % (wt/vol) 

gelatin], 30 pmol primer, 200 mM of each dNTP, 1.25 U of 

Taq DNA polymerase, and PCR grade dH2O were included 

in the optimal amplification reaction mixture (25 µl). DNA 

reaction mixtures were amplified for 10 min at 94 °C, then 

for 45 cycles of 1 min at 94 °C, 1 min at 45 °C and 2 min at 

72 °C. After a final extension at 72 oC for 10 min, the reac-

tion was terminated and the sample was kept at 48 °C for 

analysis. 1.5 % agarose gel electrophoresis was used to 

Table 1. Inbred lines, their codes and origins  

Inbred number Inbred code Inbred origin 

1 B73 locally derived 

2 A132 locally derived 

3 NA30 locally derived 

4 S7 locally derived 

5 DR-B1 locally derived 
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separate amplified fragments. The scored ISSR markers 

were represented by a binomial (0/1) matrix, which was 

the basic data structure. By using the un-weighted pair-

group approach using arithmetic averages, the similarity 

matrix was employed as input data for cluster analysis 

(UPGMA).  

 

Results and Discussion   

Days until 50% silking             

The plants of inbred 3 were the shortest until 50% of silk-
ing, which amounted to 68.18 days. While, the plants of 

inbred 4 was the longest, 73.75 days until 50% of silking. 

The impact of the differences between parents was clearly 

reflected in their hybrids obtained from the diallel crosses. 

The hybrid 5x1 was the shortest until 50% of silking (63.75 

days) and did not significantly differ from 4x1 and 3x2. 

While, the hybrid 3×1 was the longest until reaching 50% 

silking and was recorded to 68.21 days (Table 3). Identical 

results (16, 17) were recorded and indicated clear differ-

ences between genotypes in the characteristic of until 50% 

of silking. The significant influence of irrigation periods 

was obvious. A 15-day irrigation interval recorded fewer 

days until 50% of silking (63.17 days) and it did not signifi-

cantly differ from 10-days. While the 5-days irrigation inter-

val gave the longest female flowering period of 73.63 days. 

Perhaps the reason for the short time until 50% of silking 

in 15 and 10 days irrigation intervals is because of the 

shortage of soil water availability for plants, high tempera-

ture and low relative humidity and thus hormonal changes 

in plant occurred that led to moving the plant process to-

ward reproductive stages (18). These results are consistent 

with what was reported (19-21) who indicated that plants 

subjected to water stress reach the flowering stage earlier. 

Significant differences were noticed between means of 

interaction between genotypes and irrigation intervals 

which is considered as a good sign of breeding plants as it 

encourages plants to the short period of silking (Table 3). 

Leaf area (cm2) 

Inbred 5 recorded the highest leaf area 3577 cm2. While 

inbred 1 was the lowest in leaf area 3099 cm2.  The way 

parents responded to water shortage was very clear in the 

hybrids responses. The hybrid 5×1 was superior and 

showed the highest leaf area 4686 cm2 compared to the 

hybrid 2×3 which gave the lowest leaf area 3845 cm2 (Table 

4). Reports are on similar results when they indicated sig-

nificant differences between genotypes in leaf area (16, 22, 

23). Results of this study indicated a clear impact of irriga-

tion intervals on leaf area of maize and it was the highest 

(4439 cm2) when the irrigation interval between irrigations 

 

Table 2. Nucleotide sequences of the primers in ISSR technology.  

Primer Nucleotide sequences 5-3 Temperature Reference 

UBC734 GCGCGTGTGTGTGTCT 45.4 ? 

UBC738 AGAGAGAGAGAGAGCT 30.6 ? 

UBC744 GAGACCGAGAGAGACCCC 36.3 ? 

UBC746 AGCAGCAGCAGCAGCAGA 40.8 ? 

UBC850 AGAGAGAGAGAGAGCTT 32.4 ? 

UBC856 GAGAGAGAGAGAGAGACT 56.2 ? 

UBC834 AGAGAGAGAGAGAGAGTT 0 ? 

B-76 CTCTCTCTCTCTCTGTG 25 ? 

N-41 CTCTCTTTCTCTCTCTT 30.5 ? 

A37 TGTGTGTGTGTGTGTGCT 32.8 ? 

Genotypes 
Irrigation intervals (days) 

Mean 
5 10 15 

1 72.79 67.87 69.21 69.96 

2 75.42 65.64 65.97 69.01 

3 74.77 65.03 64.73 68.18 

4 80.11 70.31 70.82 73.75 a 

5 79.77 69.32 67.58 72.22 b 

2×1 72.01 68.73 59.55 66.76 

3×1 74.65 66.73 63.26 68.21 

4×1 71.34 64.47 57.31 64.37 

5×1 70.08 61.94 59.22 63.75 

3×2 72.30 60.42 58.87 63.86 

4×2 74.05 65.94 60.35 66.78 

5×2 74.00 62.93 62.51 66.48 

4×3 69.84 62.41 65.02 65.76 

5×3 72.04 65.36 60.02 65.81 

5×4 71.21 64.17 63.13 66.17 

Mean 73.63 65.42 63.17   

L.S.D 

Irrigation 4.28 

Genotypes 1.04 

Interaction 1.80 

Table 3. Performance of maize genotypes silking (days until 50%) under 
irrigation intervals of 5, 10 and 15 days.  

Table 4. Performance of maize genotypes leaf area (cm2) under irrigation 
intervals of 5, 10 and 15 days.  

Genotypes 
Irrigation interval (days) 

Mean     
5 10 15 

1 3825  3345 2127 3099   

2 3646  3332 2321 3100   

3 3897  3658  2282 3279   

4 3898  3717 2773 3463   

5 4021  3865 2844 3577   

2×1 4278  4564  2996 3946   

3×1 5127  4971  3231 4443   

4×1  4615  4551  3112 4093   

5×1  5529  4981  3548 4686   

3×2  4034  4463  3038 3845   

4×2  5111  4151   2974 4079   

5×2 4711  4818  3653 4394   

4×3  4553  3652  3249 3818   

5×3 4826  4291  3336 4151   

5×4  4521  5151  3178 4283   

Mean 4439 4234 2977   

L.S.D 
Irrigation 233.2   

Genotypes 157.4 
Interaction 291.9 

https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
https://www.microbiologyresearch.org/docserver/fulltext/micro/147/8/1472021a.pdf?expires=1659281650&id=id&accname=guest&checksum=9FA4E47006FF3112F7726AFA07AED0E7
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was 5 days. However, the plants recorded a reduction in 

leaf area of about 29.68% and 32.93% when the irrigation 

intervals were 10 and 15 days between irrigation intervals 

respectively.  

 Probably the reduction in leaf area with increasing 

the irrigation interval was attributed to the reduction in 

the number of days from planting to silking Table 3, when 

leaf growth and expansion normally occurs. In addition to 

the decrease in the number of plant leaves, it is certain 

that the relative water content of the leaves would be de-

creased. As a result, a reduction in leaf growth rate oc-

curred and the inability to elongate and expand reduced 

as well. The reason for the decrease may be attributed to 

the water tension by reducing the transport of auxin re-

sponsible for regulating the growth in the leaves and in-

ducing the division and cellular elongation in the leaf 

sheath, or due to the decomposition of auxin due to the 

increase in the activity of the IAA-oxidase enzyme as a re-

sult of water tension, which negatively affected its area 

(24). This result agrees with the earlier study where it was 

found that plants exposed to water stress caused a reduc-

tion in leaf area (20, 21, 25-27). 

 The interaction was significant between irrigation 
treatments and genotypes, as it was shown in table 3, that 

the 5×1 hybrid plants grown under irrigation treatment for 

5 days gave the highest leaf area of 5529 cm2, with an in-

crease of 159.9% and 85.9% for inbred 1 and hybrid 4×2 for 

15 days irrigation interval. 

Seeds number per row (seed row-1)         

Inbred 3 recorded the highest number of seeds per row, 

28.73 seed row-1 (Table 5) and did not show significant 

difference from inbred 4. However, inbred 2 gave the     

lowest number of seeds per row, 27.10 seed row-1. The tol-

erance of hybrids seems to be genetically inherited from 

the inbred lines. The hybrid 4×2 recorded highest number 

of seeds per row, 34.40 seed row-1  and did not significantly 

differ from the hybrid 3x2. While, the hybrid 5×1 gave the 

lowest number of seeds per row, 30.47 seed row-1. Records 

are on the identical results when they indicated the differ-

ence in the number of seeds per row between the geno-

types (28, 29). It is well documented that water shortage 

decreases the rates of photosynthesis products that are 

necessary for producing significant numbers of seeds. And 

thus, shortage of water availability at different growth 

stages of plant especially at seed filling greatly reduces the 

number of seeds per row. Water impacts nutrients availa-

ble for absorption significantly in addition to the activity of 

enzymes and regulating hormones, which means a weak 

growth of reproductive organs and probably the viability 

and that was reflected on the number of seeds per row. 

Similar results were previously mentioned where it was 

clearly showed that the negative impact of water deficit in 

the number of grains per row in maize ear (20, 21, 30). The 

interaction between genotypes and irrigation intervals was 

significant. It was clear that the reduction in the number of 

seeds per row was in term of water deficit, and all geno-

types had a significant decrease in the number of seeds 

per row at 15 day irrigation interval compared 5 and 10 

days. The highest percentage of decrease in the number of 

seeds per row was 59% in the hybrid 5×4 for irrigation in-

terval of 15 day compared to inbred line number 1 at irri-

gation interval of 15 days. 

Weight of 300 seed (g)         

Results of the study indicated that inbred 3 recorded 

the highest weight of 300 seed, 69.53 g. However, in-

bred 1 gave the lowest weight. The response of hybrids 

was impacted in the way that inbred lines behaved. 

Water deficit conditions impact was very clear in hy-

brids as well. The hybrid 5×4 gave the highest weight of 

300 seed, 80.77 g and it did not show a significant dif-

ference from the hybrid 5x1. Hence, the hybrid 3×2 gave 

the lowest weight of 300 seed, 62.97 g (Table 6). Re-

ports are on the same results of this work and indicated 

a difference in seed weight of different genotypes (7, 

31). The 15 day irrigation interval recorded the lowest 

weight of 300 seed, 62.75 g, with a decrease of 16.8% 

and 20.6% compared to the 5 and 10 day irrigation in-

tervals. The reason for the low weight may be due to 

the increase in water tension and its adverse impact in 

silking and the leaf area and then a decrease in the 

amounts of manufactured and stored nutrients, which 

determines the efficiency of the source capacity in de-

livering water and nutrients to seed during the gain 

filling period. As a result, the produced seed was 

shrunken, small and finally low weight. This result is 

consistent with the findings of an earlier study (9, 20, 

21, 32). Results indicated significant difference in the 

interactions between factors and that probably be-

cause of the difference in the behavior of genotypes 

response under different irrigation intervals.  

 

Genotypes 
Irrigation interval (days) 

Mean  
5 10 15 

1 33.3 33.1 16.8 27.73   

2 30.2 32.2 18.9 27.10   

3 34.4 31.6 20.2 28.73   

4 31.9 30.7 23.4 28.67   

5 32.4 28.9 22.5 27.93   

2×1 37.6 34.7 27.4 33.23   

3×1 38.4 34.8 25.5 32.90   

4×1 33.5 35.4 28.8 32.57   

5×1 32.8 33.9 24.7 30.47   

3×2 40.8 33.7 28.6 34.37   

4×2 36.7 36.7 29.8 34.40   

5×2 33.6 38.9 26.3 32.93   

4×3 39.5 31.7 22.4 31.20   

5×3 34.7 37.4 23.6 31.90   

5×4 41.0 33.2 27.5 33.90   

Mean 35.39 33.79 24.43     

L.S.D 
Irrigation 3.41   

Genotypes 1.60 
Interaction 2.75 

Table 5. Performance of maize genotypes seeds number per row (grain row-1) 
irrigation intervals of 5, 10 and 15 days.  
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Single plant yield (g)        

Results in Table 7 showed significant differences between 

genotyped in single plant yield. Inbred 5 recorded the 

highest mean, 107.1 g and did not show significant differ-

ence with inbred 2 and 3. Hence, inbred 4 gave the lowest 

mean of 75.23 g. The inbred lines inherited the heteroge-

neity to their reciprocal hybrids. The hybrid 5 × 4 gave the 

highest mean of single plant yield of 167.2 g and did not 

show a significant difference with hybrids 4 × 3 and 3 × 2. 

This significant difference between inbred lines and hy-

brids in single plant was relayed to the rain weight Table 6. 

Our results in this work had previously been confirmed 

and those results indicated significant differences between 

genotypes in single plant yield (7, 29, 33). The results indi-

cate significant difference in single plant yield under irriga-

tion intervals. The intervals of 5 and 10 days showed high 

means in single plant yield and gave 162.3 and 151.8 g, 

respectively. The reduction in single plant yield was 

around a half when plants irrigated each 15 days by giving 

a single plant yield of 73.84 g. The adverse conditions of 

abiotic stress during plant growth, especially water stress, 

could cause a huge adverse in the means of other plant 

characteristics and thus the single plant yield significantly 

reduced. Our results in Tables 3, 4 and 5 indicated signifi-

cant decrease in leaf area, number of grains per row and 

300 grain weight, and that was clear in the decrease in sin-

gle plant yield Table 7. These results were in agreement 

with what was found earlier and indicated significant de-

crease in single plant yield due to exposing water stress 

conditions (20, 21, 30, 31, 34, 35). Single plant yield, as in-

dicated by results in Table 7 significantly impacted by in-

teraction between genotypes and irrigation interval. When 

genotypes exposed to irrigation water, the behavior and 

expression of genotypes was significantly different. The 

inbred 5 gave the highest single plant yield 133.8 g at 5 

days irrigation interval. Moreover, the hybrid 5 x 4 record-

ed the highest mean 222.4 g at the same irrigation interval 

showing the high efficiency of water use. However, the 

hybrid 5 x 3 recorded the lowest mean of single plant yield 

55.1 g at the irrigation interval of 15 days, showing the sig-

nificant change in the behavior hybrids to water stress.  

Diversity        

The primer UBC 738 showed the highest number of bands 

of (14). However, both of UBC 850 and  B 76 primers gave 

the lowest number of bands (10). The total number of 

bands was 109 and the total number of Polymorphic bands 

was 97 with a ratio of 89%. Primers of UBC 744, UBC 746 

and A31 recorded a number of Polymorphic bands, 

amounted to 10, 12 and 11 bands respectively, with a per-

centage of 100%. Hence, primer UBC850 gave a number of 

Polymorphic bands of 6 with a percentage of 66.7% (Table 

8). The primers used were characterized by a length of am-

plicons of 300-2100 bp. 

Similarity         

When the genetic dimension coefficient between inbred 

lines and their hybrids of maize plants was calculated, the 

obtained results showed 109 bundles with polymorphism 

using PAST program and based on the hamming similarity 

index (Table 9). The highest genetic diversity (lowest ge-

netic similarity) was 0.83 between inbred lines 4 and 5, 

while the lowest genetic divergence was between inbred 

lines 1 and 2. We note from the same table that the highest 

Table 6. Performance of maize genotypes in weight of 300 seed (g) under 
irrigation intervals of 5, 10 and 15 days.  

Genotypes 
Irrigation interval (days) 

Mean 
5 10 15 

1 68.4 69.3  53.3 63.67   

2 74.2 74.8 58.1 69.03   

3 77.6 73.3 57.7 69.53   

4 75.0 70.4 51.5 65.63   

5 79.1 69.1 55.6 67.93   

2×1 73.3 79.0 65.6 72.63   

3×1 85.9 78.8 70.3 78.33   

4×1 79.3 84.4 68.2 77.30   

5×1 86.5 83.4 71.1 80.33   

3×2 75.3 63.8 49.8 62.97   

4×2 87.1 79.4 59.6 75.37   

5×2 78.6 82.2 70.1 76.97   

4×3 76.5 73.0 66.4 71.97   

5×3 80.5 68.9 72.8 74.07   

5×4 88.8 82.4 71.1 80.77   

Mean 68.4 69.3  53.3     

L.S.D 
Irrigation 5.09   

Genotypes 3.25 
Interaction 6.09 

Table 7. Performance of maize genotypes single plant yield (g) under irriga-
tion intervals of 5, 10 and 15 days.  

Genotypes 
Irrigation interval  (days) 

Mean 
5 10 15 

1 106.4 119.1 47.1 90.87 

2 122.8 121.2 50.8 98.27 

3 129.2 115.2 57.1 100.5 

4 98.9 79.2 47.6 75.23 

5 133.8 132.1 55.3 107.1 

2×1 155.5 141.2 89.7 128.8 

3×1 206.4 187.3 73.2 155.6 

4×1 169.9 173.1 86.1 143.0 

5×1 197.8 164.9 82.2 148.3 

3×2 191.5 194.6 99.1 161.7 

4×2 182.5 170.1 94.9 149.2 

5×2 148.3 172.5 76.8 132.5 

4×3 212.9 191.4 95.1 166.5 

5×3 155.8 133.1 55.1 114.7 

5×4 222.4 181.7 97.5 167.2 

Mean 162.3 151.8 73.84   

L.S.D 

Irrigation 10.5 

Genotypes 11.1 

Interaction 19.2 
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genetic divergence (the least genetic similarity) between 

hybrids and inbred lines was 0.78 in inbred 4 and hybrid 3 x 

2 and this predicts the development of a triple hybrid, 

while the highest genetic divergence of 0.92 was found 

between hybrids of 3 x 1 and 5 x 4 as well as between 2 x 1 

and 4 × 2. The genetic divergence was 0.87 and this pre-

dicts that these crosses can be used to derive a double 

cross hybrid. Previous studies indicated similar to our re-

sults (4, 36). Results of this study and previous studies pro-

vide crucial information of the importance of genetic di-

versity and its utilizations in predicting the performance of 

maize genotypes in field under water deficit. Moreover, 

results of this study are useful in finding a group of inbred 

lines and hybrids compared to previous studies.  

 Organisms that are phenotypically similar to each 

other are more likely to be closer to each other than organ-

isms of different sequences. The importance of determin-

ing genetic similarity is due to the possibility of organizing 

the germplasm, selecting the parents involved in the 

breeding programme, predicting the best hybrids and 

knowing the least possible number of genotypes that con-

tain the largest possible number of genetic diversities in 

breeding programmes (37). Individuals may be different 

from each other phenotypically, but they are genetically 

close to each other, and then these differences may be due 

to environmental influences only, which are not taken into 

account in determining the degree of similarity between 

individuals. The cluster analysis of the studied inbred lines 

and hybrids using ISSR markers and based on the (UPGMA) 

method according to the nearest neighbor showed that 

the characteristic behavior of inbred 5 (DR-B1) can be ob-

served with inbred 4 (S7) in addition to 1×3, 1×2 and 1×4 

hybrids, which are the most divergent at the level of DNA 

(Fig. 1). By joining the 2 most heterogeneous groups on the 

path of the hierarchical shape, which predicts an increase 

in the size of the total heterogeneity between such inbred, 

Table 8. Primers, total bands, Polymorphic bands percentage and amplicons 
length (bp).  

Primer Total 
bands 

Polymorphic 
bands 

Polymorphic 
bands % 

Amplicons 
length bp 

UBC734 12 11 91.7 450 - 1850 

UBC738 14 12 85.7 350 - 2000 

UBC744 10 10 100.0 600 - 1800 

UBC746 12 12 100.0 500 - 1900 

UBC850 9 6 66.7 600 - 1650 

UBC856 11 10 90.9 300 - 1200 

A31 11 11 100.0 400 - 1900 

B76 9 7 77.8 450 - 950 

N41 11 9 81.8 650 - 2100 

A37 10 9 90.0 600 – 1850 

Total 109 97   300 - 2100 

mean 10.90 9.7 89.00   

5×4 5×3 4×3 5×2 4×2 3×2 5×1 4×1 3×1 2×1 5 4 3 2 1   

                            0.00 1 

                          0.00 0.12 2 

                        0.00 0.57 0.30 3 

                      0.00 0.48 0.31 0.28 4 

                    0.00 0.83 0.62 0.13 0.41 5 

                  0.00 0.32 0.13 0.44 0.73 0.38 2×1 

                0.00 0.24 0.55 0.22 0.23 0.13 0.47 3×1 

              0.00 0.16 0.21 0.31 0.61 0.17 0.22 0.32 4×1 

            0.00 0.42 0.16 0.24 0.18 0.33 0.46 0.32 0.53 5×1 

          0.00 0.23 0.41 0.25 0.11 0.21 0.78 0.25 0.26 0.44 3×2 

        0.00 0.50 0.21 0.32 0.60 0.87 0.19 0.66 0.51 0.14 0.60 4×2 

      0.00 0.19 0.26 0.63 0.10 0.04 0.27 0.52 0.22 0.41 0.32 0.21 5×2 

    0.00 0.40 0.61 0.44 0.26 0.71 0.63 0.81 0.32 0.61 0.14 0.15 0.67 4×3 

  0.00 0.23 0.43 0.21 0.55 0.73 0.56 0.45 0.41 0.34 0.23 0.12 0.16 0.78 5×3 

0.00 0.32 0.36 0.32 0.11 0.62 0.52 070 0.92 0.78 0.34 0.28 0.68 0.75 0.72 5×4 

Table 9. Genetic divergence values of genotypes using ISSR technology.  

Fig. 1. Cluster analysis of genotypes based on the results of 109 bands.  
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may contribute to increasing the hybrid vigor, as the rest 

of the inbred was included with all the hybrids in another 

major group. The 5 breeds and the 10 hybrids were divided 

into 2 groups; the first group included breed 4 and 3 × 1, 2 

× 1 and 4 × 1 hybrids, while the second group included the 

remaining of inbred lines and hybrids. The diversity values 

were invested in cluster analysis based on the results of 

using 12 primers in the ISSR technique to find the genetic 

relationship between the genotypes under the study. Simi-

lar results were reported where the genotypes were phe-

notypically divided into several groups according to the 

variance of the means of the studied characteristics (36, 

38).  

 

Conclusion   

Water deficit impacts the performance of maize, and all 

genotypes characteristics showed different responses. 

Although there were within the limits and acceptable vari-

ations between genotypes, yield components of maize are 

useful tools for studying tolerance to water deficit, as vari-

ation indicates the adaptation of maize to water deficit. 

Good genetic diversity (low genetic similarity) and as ap-

proved of this study, can be practiced in improving maize 

and basic material in breeding programmes can be estab-

lished for obtaining hybrids from different crosses. ISSR 

DNA markers are an efficient approach for the determina-

tion of the genetic diversity of maize genotypes. These 

molecular markers can be used for the selection and in-

creasing the efficiency and precision of breeding pro-

grammes.   
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