
                                                           Iraqi Journal of Agricultural Sciences –2026:57(6):1666-1680 
                                                                              P-ISSN: 0075- 0530 /  E-ISSN: 2410-0862       

                                                                             DOI: https://doi.org/10.36103/w7ps8875  

1666 

Maize Hybrids Production for Direct Consumption by Three –Way Crosses 

Kamal A. Kazem*    , Nadhum. Y. Abed  

Department of Field Crops, College of Agricultural Engineering Sciences, University of Baghdad. 

 

ABSTRACT 

       This study was aimed to produce and evaluate 30 triple cross hybrids generated by crossing ten 

single hybrids with five genetically diverse inbred lines. A field experiment was conducted using 

five inbred lines of maize: (1) NADH 102, (2) NASA 2022, (3) NAEL 2022, (4) NA 9928 E, and 

(5) NADH 2006. In the first spring season 2022, the genetic materials used by half-diallel crosses 

program to produce (10) single crosses. In the fall season, parental inbred lines and single crosses 

were subjected to a triple hybridization program. The results of this study revealed significant dif-

ferences among the genotypes, of triple hybrid (2×5) ×3 produced the highest yield per unit area for 

both seasons at 23.41 and 23.55 tons ha-1. But did not significantly differ from the triple hybrids 

(1×3) ×2, (2×3) ×4, and (2×4) ×1, which yielded 22.19, 22.82, and 20.88 tons ha-1, respectively. 

The superiority of the triple hybrid (2×5) ×3 could be attributed to its higher, increased number of 

kernel row per ear, resulting in a higher weight of ears, which reached 556.5 and 553.4 gm for both 

seasons, as well as the highest yield per individual plant, reaching 439.2 and 441.5 grams.  
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INTRODUCTION 

Studies were conducte to maize (Zea mays L.) 

by Shull (1910)(43) on the effect of hybridiza-

tion on the grain yield of maize. He demon-

strated that the yield increased by 40% in the 

first generation as a result of using diallel 

crosses for inbred lines to produce single cross 

hybrids. The primary objectives of plant 

breeders are either to increase grain yield, 

eliminate specific defects, or breed for a par-

ticular purpose, as noted by (Saleh & Salmand,  

2005). Maize is known for its ease of hybridi-

zation, which has attracted the attention of 

plant breeders since ancient times. Numerous 

experiments have been conducted to transfer 

pollen grains from male to female plants, as 

they are monoecious cross-pollinated plants. 

Due to its versatility, yellow maize is used di-

rectly or indirectly in human food, as its grains 

contain carbohydrates, proteins, oil, as well as 

some minerals and vitamins, making it highly 

nutritious, Maize cultivation in Iraq remains 

below the required level despite the spread hy-

brids, and synthetic varieties. The average 

yield of this crop is low compared to global 

production, possibly because Iraqi farmers are 

accustomed to cultivating open-pollinated va-

rieties, and did not rely on single or triple hy-

brids due to the difficulty of importing them 

and the poor technical capabilities of soil and 

crop management practices. Therefore, it is 

necessary to focus on breeding and improving 

this crop to achieve a significant increases in 

grain yield and improve its quality through the 

implementation of breeding and improvement 

programs (Elsahookie  & Dawood,  2021). The 

difficulty in obtaining pure and superior lines 

and their ability to combine when crossed with 

other lines, also a challenge faced by plant 

breeders. Therefore, multiplying superior triple 

hybrids with productive and genetic traits, as 

well as their adaptability to environmental 

conditions, has become one of the important 

tasks for plant breeders .The difficulty in pro-

ducing hybrids or varieties stems from the 

challenge of obtaining parents, especially in-
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bred lines, and the subsequent changes to those 

strains. It is essential to determine their com-

bining ability with other strains and their suit-

ability for producing high-yielding hybrids 

through various breeding systems, (Elsahookie 

& Dawood,  2021).  This study was aimed to 

production  three –way hybrids and evalution 

the crosses. 

MATERIALS AND METHODS 

Field experiment: A field experiment was 

conducted using five inbred lines of maize 

(Table 1): (1) NADH 102, (2) NASA 2022, (3) 

NAEL 2022, (4) NA 9928 E, and (5) NADH 

2006, developed at the College of Agricultural 

Engineering Sciences. These inbred lines in-

cluded yellow-orange, white, sugary, red, and 

purple, respectively.. The lines were crossed 

by half-diallel crosses program according to 

Griffing's (Griffing,1956).) method during the 

spring season of 2022 to produce ten single 

hybrids. During the fall season of the same 

year, the parental lines and single hybrids were 

entered into a triple hybridization program ac-

cording to Cockerham and Rawling's (Rawl-

ings and Cocker ham,1962) method, resulting 

in 30 triple hybrids, following the equation 

C=P(P-1)(P-2)/2. Each triple hybrid was ex-

pressed with three numbers inside parentheses 

(representing single hybrids), indicating the 

two lines as grandparents, while the number 

outside the parentheses indicated the inbreds 

as a parent, to obtain 30 triple hybrids. 

Field managements: The field experiments 

were conducted at the fields of the College of 

Agricultural Engineering Sciences, University 

of Baghdad - Jadriyah, over four consecutive 

growing seasons: spring and fall of 2022 and 

2023. All agricultural managements, including 

plowing, harrowing, leveling, and partitioning, 

were carried out according to the study re-

quirements and the seasons. Additionally, all 

agricultural practices such as irrigation, hoe-

ing, weeding, were conducted according to 

recommendations, Fertilization was done with 

triple superphosphate fertilizer (46% P2O5) at a 

rate of 200 kg P2O5ha-1 in one batch before 

planting, and nitrogen fertilizer 350 kg N ha-1 

in the form of urea (46% N) in three batches, 

the first two weeks after germination, the sec-

ond in the elongation stage, and the third at the 

beginning of the flowering stage (Saleh and 

Salmand,2005). 

First and second season (spring and fall 

2022): In the first and second seasons (spring 

and fall 2022), seeds of the mentioned five in-

bred lines were sown in plots with a length of 

5 meters and a spacing of 0.75 meters between 

rows, with plant spaced of 0.25 meters apart, 

totaling ten rows per inbred, on March 20, 

2022, for the purpose of conducting half-

diallel crossing between the inbred lines to ob-

tain ten single hybrids according to Griffing's 

method (Griffing,1956). equation S=P (P-1)/2. 

In the fall season of the same year, the parental 

lines and single hybrids were entered into a 

triple crossing program according to Cocker-

ham and Rawling's (1962) method, resulting in 

30 triple hybrids following the equation 

C=P(P-1)(P-2)/2. Each triple hybrid was ex-

pressed with three numbers inside parentheses 

(representing individual hybrids), indicating 

the two inbred as grandparents, while the 

number outside the parentheses indicated the 

inbred as a parent. When the plants reached 

the flowering stage, the female ears were 

bagged with paper bags before silk emergence 

to ensure the desired pollination and prevent 

open pollination between the lines. Similarly, 

the male tassels of the five inbred were bagged 

with paper bags one day before the start of 

pollination between the inbred lines. Pollen 

grains were collected and used to pollinate the 

ready female ears of genotypes to receive the 

pollen grains. This process continued until all 

required crossing between the inbred lines and 

single hybrids were completed. Additionally, 

self-pollination was performed for the five in-

bred lines to increase their seed stock for 

planting in the subsequent seasons. 

Third and fourth season (spring and fall 

2023): In the third and fourth seasons (spring 

and fall 2023), first and second comparative 

experiments were conducted. Seeds of the 30 

triple hybrids were planted on March 20, 2023, 

and July 20, 2023. The planting was applied 

using a Randomized Complete Block Design 

(RCBD) with four replications. The planting 

was on furrows 0.75 meters apart, with plant 

spacing of 0.25 meters, and with an average of 

three seeds per hole, which were later thinned 

to one plant per hole two weeks after germina-
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tion. All agricultural managements for soil and 

crop management, including plowing, harrow-

ing, leveling, irrigation, hoeing, weeding, and 

controlling weeds, were carried out as men-

tioned earlier. Statistical analysis was per-

formed for each trait using Analysis of Vari-

ance (ANOVA) of Randomized Complete 

Block Design (RCBD). The significance of the 

differences was tested using the F-test at a sig-

nificance level of 0.05. Mean comparisons 

were conducted using the Least Significant 

Difference (LSD) test at a significance level of 

0.05 for all means.  

RESULTS AND DISCUSSION  

Number of days from seeding to 75% tassel-

ing (day): The results in Table (1) indicate 

that the trait of the number of days to tasseling 

was significantly affected for both the spring 

and fall seasons. The result shows that the hy-

brids differed significantly in achieving 75% 

tasseling in the spring season. The hybrid 

(1×3)×2 exhibited the earliest tasseling, with a 

number of days (56.00 days) followed by hy-

brids (1×5) ×4, (3×4) ×5, and (3×5) ×4, each 

with a number of days at 57.50 days. The last 

triple hybrid to reach tasseling in the spring 

season was the hybrid (2×4) ×5, with a number 

of days (63.50 days) which did not significant-

ly differed from the hybrid (1×4) ×2, with a 

number of days (63.00 days). In the fall sea-

son, the result shows that the triple hybrid 

(1×4) ×5 was the earliest in tasseling, with a 

number of days at 45.25 days, which did not 

differed significantly from hybrids (1×2) ×5, 

(2×3) ×5, (3×5) ×4, and (4×5) ×1, with num-

ber of days at 45.75, 46.00, 45.50, and 45.75 

days, respectively. However, the last hybrid to 

reach 75% tasseling in the fall season was the 

hybrid (3×4) ×1, with a number of days at 

55.50 days, which did not differed significant-

ly from the hybrid (2×5) × 1, with a number of 

days (55.00 days). The variations in the tassel-

ing among hybrids' is attributed to the geno-

types differences in morphological traits and 

their responsiveness to environmental factors 

such as temperature and photoperiod, leading 

to differences in the number of days required 

to tasseling. These results are consistent with 

findings by Hadi and Hassan (2021), as well as 

Almousawi and Hassan (2020), indicating sig-

nificant differences among triple hybrids in 

reaching tasseling. 

Number of days from seeding to 75% silk-

ing (days): Data in Table (1) shows that the 

triple hybrid (3×5) ×1 silking 75% in the 

spring season earliest, with the least number of 

days, at 59.00 days, significantly differed from 

the other hybrids, followed by the hybrid (1×2) 

×3 at 75% silking in 60.50 days, which did not 

differed significantly from the triple hybrids 

(1×2) ×4, (1×3) ×5, (1×5) ×4, (3×4) ×5, and 

(3×5) ×4, with number of days (61.50, 61.50, 

61.00, 61.50, and 60.50 days), respectively. 

However, the hybrid (1×4) ×2 was delayed, 

taking more days to silking, at  67.50 days, 

which did not differed significantly from the 

hybrids (1×5) ×3, (2×3) ×1, and (2×4) ×3.  In 

the fall season, the triple hybrid (3×5) ×2 

reached 75% silking earliest, with the lowest 

number of days, (50.50 days), which did not 

differed significantly from the hybrid (1×2) × 

5, with 51.50 days. However, the triple hybrid 

(3×4) ×1 was delayed in silking, 61.75 days, 

which did not differed significantly from the 

hybrid (2×5) ×1, which took 61.25 days. These 

results are consistent with those of Hamood 

(2019) and Hamdi (2021). 

Plant height (cm): The differences in plant 

height varied among the triple hybrids in both 

seasons. Hybrid (1×5) ×2 had the highest 

mean plant height, (207.33 cm), which did not 

differed significantly from hybrid (1×2) ×4, 

with an mean height of 195.83 cm. The latter 

did not differed significantly from hybrids 

(1×4) ×3, (2×4) ×5, (2×5) ×1, (2×5) ×3, (3×4) 

×1, and (3×5) ×4. The lowest mean height, 

135.50 cm, was recorded by hybrid (4×5) ×1, 

which did not differed significantly from hy-

brids (1×4) ×5, (1×5) ×3, (1×5) ×4, and (2×4) 

×3, with plant heights of 145.33, 137.41, 

147.58, and 147.25 cm, respectively, in the 

spring season.  In the fall season, hybrid (1×4) 

×3 had the highest mean height, at 213.70 cm, 

which did not differed significantly from hy-

brids (1×2) ×4, (1×5) ×2, (2×4) ×1, and (3×4) 

×1, with heights of 210.6, 205.6, 206.4, and 

198.1 cm, respectively. Hybrid (4×5) ×1 pro-

duced the lowest mean plant height for the 

trait, at 151.9 cm, which did not differ signifi-

cantly from hybrids (1×4) ×5, (1×5) ×3, (2×3) 

×5, (2×4) ×3, (3×5) ×2, and (4×5) ×3, with 
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heights of 161.1, 161.1, 164.1, 158.5, 164.7, 

and 155.0 cm, respectively. The variation in 

plant height could be attributed to differences 

in the genetic nature of each genotype, as well 

as physiological activity within each hybrid. 

Additionally, differences in environmental 

conditions and the duration of growth, along 

with each genetic combination's ability to effi-

ciently utilize growth factors, contribute to the 

variation in plant height. This aligns with the 

findings of Kazem and Hassan (2021).  

Ear height (cm): In the spring season, hybrid 

(2×5) ×3  exhibited the highest ear height, at 

143.91 cm (Table 1). It did not differed signif-

icantly from hybrids (1×2) ×4, (1×4) ×3, (1×5) 

×2, (2×5) ×1, and (3×4) ×1, with heights of 

141.66, 132.16, 137.50, 139.49, and 135.08 

cm, respectively. The lowest mean ear height 

was produced by hybrid (1×4) ×5, at 85.58 cm, 

which did not differed significantly from hy-

brids (1×3) ×4, (2×3) ×5, (2×4) ×3, (3×5) ×2, 

and (4×5) ×1, with heights of 93.91, 99.00, 

86.16, 100.08, and 95.75 cm, respectively. In 

the fall season, the three-way hybrid (1×5) ×2 

was distinguished with highest ear height, of 

150.58 cm, which did not differed significantly 

from hybrid (1×2) ×5, with a height of 150.41 

cm. The lowest ear height was produced by 

hybrid 1×(5×4), at 89.00 cm, which did not 

differed significantly from hybrids (1×3) ×4, 

(1×4) ×5, (1×5) ×3, (2×4) ×3, (3×5) ×1, (3×5) 

×2, (4×5) ×2, and (4×5) ×3, with heights of 

100.91, 96.49, 100.79, 91.91, 98.62, 95.20, 

101.12, and 95.49 cm, respectively. The varia-

tion in ear height could be attributed to differ-

ences in the genetic combination of the triple 

hybrids.  

Table 1. The mean number of days to tasseling and silking, plant height, and ear height for triple 

hybrids of maize for the spring and fall seasons of 2023 
Triple hybrids Tasseling Silking Plant height Ear height 

p1 p2 p3 Spring Fall Spring Fall Spring Fall Spring Fall 

(1×2) ×3 58.00 46.75 60.50 52.00 173.00 177.7 114.33 109.66 

(1×2) ×4 58.25 50.50 61.50 57.50 195.83 210.6 141.66 130.12 
(1×2) ×5 62.00 45.75 66.00 51.50 166.83 177.8 108.08 150.41 

(1×3) ×2 56.00 48.75 60.50 54.50 180.83 185.3 117.24 108.24 

(1×3) ×4 60.00 47.25 63.50 54.25 161.92 169.3 93.91 100.91 

(1×3) ×5 58.00 49.50 61.50 55.00 167.42 171.4 121.83 107.29 

(1×4) ×2 63.00 48.50 67.50 55.50 164.16 184.3 111.58 109.95 

(1×4) ×3 59.25 52.25 63.50 56.50 185.25 213.7 132.16 130.16 

(1×4) ×5 62.00 45.25 64.50 52.50 145.33 161.9 85.58 96.49 

(1×5) ×2 61.00 51.00 65.00 60.50 207.33 205.6 137.50 150.58 
(1×5) ×3 62.00 48.00 66.50 53.75 137.41 161.1 100.66 100.79 

(1×5) ×4 57.50 48.25 61.00 53.75 147.58 171.9 105.16 109.41 

(2×3) ×1 62.50 51.50 66.50 56.50 170.66 170.9 117.25 121.16 

(2×3) ×4 59.50 50.75 62.00 57.75 180.58 187.4 125.83 133.70 

(2×3) ×5 61.00 46.00 66.00 52.00 155.41 164.1 99.00 101.41 

(2×4) ×1 58.50 52.00 62.00 57.50 172.66 206.4 117.33 129.20 

(2×4) ×3 61.50 48.00 67.00 52.00 147.25 158.5 86.16 91.91 

(2×4) ×5 63.50 47.50 65.00 52.50 185.17 186.5 127.00 118.58 
(2×5) ×1 61.50 55.00 63.75 61.25 193.08 195.3 139.49 136.20 

(2×5) ×3 60.00 53.00 64.00 59.75 192.33 194.8 143.91 126.54 

(2×5) ×4 62.50 52.50 65.50 57.50 159.83 187.7 105.08 108.70 

(3×4) ×1 60.50 55.50 63.50 61.75 194.58 198.1 135.08 120.54 

(3×4) ×2 60.50 50.25 63.50 58.00 176.75 185.6 127.58 115.41 

(3×4) ×5 57.50 50.50 61.50 57.50 164.00 175.2 120.83 115.79 
(3×5) ×1 60.50 49.50 59.00 54.75 165.50 169.4 116.25 98.62 

(3×5) ×2 61.50 45.50 64.50 50.50 150.92 164.7 100.08 95.20 

(3×5) ×4 57.50 46.50 60.50 51.75 185.33 187.2 122.16 109.50 

(4×5) ×1 61.00 45.75 64.50 51.75 135.50 151.9 95.75 89.00 

(4×5) ×2 62.00 50.00 65.50 55.00 170.83 172.5 125.41 101.12 

(4×5) ×3 61.50 48.50 64.50 55.50 148.83 155.0 102.00 95.49 

LSD  0.92 1.07 1.27 1.12 12.07 16.45 15.05 12.34 

https://doi.org/10.36103/w7ps8875
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Number of leaves (leaf plant-1): The results 

of Table (2) indicate significant differences 

between the triple hybrids in leaf number 

plant-1. We notice that the hybrid (1×5) ×2 

showed the highest mean of 14.17 leaves plant-

1, and did not differed significantly from the 

hybrids (1×2) ×4, (2×4) ×1, (2×4) ×5, (2×5) × 

1, (2×5) ×3, and (3×4) ×2, with leaf numbers 

of 13.49, 13.66, 13.08, 13.25, 14.00, and 13.25 

respectively. The lowest leaf count was 10.16 

leaves plant-1 for both hybrids (2×3) ×5 and 

(2×4) ×3, which did not differed significantly 

from the hybrids (1×4) ×5, (1×5) ×3, (2×5) ×4, 

(3×5) ×1, and (3×5) ×2, with mean leaf num-

bers of 10.66, 10.58, 11.25, 10.66, and 11.16 

respectively.       In the fall season, the highest 

mean was 14.25 leaves plant-1 for the hybrid 

(1×5) ×2, which did not differed significantly 

from the hybrids (1×2) ×4, (1×4) ×3, and 

(2×4) ×1 with leaves numbered of 13.70, 

13.54, and 13.66 respectively. Whereas, the 

lowest mean was 10.33 for the hybrid (2×4) 

×3, which did not differed significantly from 

the hybrids (1×4) ×5, (1×5) ×3, and (2×3) ×5 

with leaves number of 10.83, 11.21, and 10.87 

respectively. The leaves number is a hereditary 

trait affected by environmental conditions. We 

notice that the triple hybrids that excelled in 

leaves number took longer to reach 75% tas-

seling and silking (Table 1). This indicates a 

longer vegetative growth stage, leading to tall-

er plant and ear heights (Table 1), resulting in 

an increase in the number of nodes and inter-

nodes, hence an increase in the number of 

plant leaves. These results are consistent with 

Hashim (2017)  

Leaf area (cm²): Results in Table (2) indicate 

significant differences between the triple hy-

brids in leaf area, with the hybrid (1×2) ×4 

showed the highest mean of 5808 cm² in the 

spring season. It did not differed significantly 

from the hybrids (1×2) ×5, (1×5) ×2, (2×3) ×1, 

(2×4) ×1, (2×4) ×5, (2×5) ×1, and (3×5) ×4, 

with leaf areas of 5615, 5315, 5753, 5366, 

5447, 5606, and 5550 cm², respectively. The 

lowest mean was produced by the hybrid (1×5) 

×3 at 3621 cm², significantly differed from 

other triple hybrids. In the fall season, the hy-

brid (1×4) ×3 produced the highest mean leaf 

area of 6588 cm², not differing significantly 

from the hybrids (1×2) ×4, (1×5) ×2, (2×4) ×1, 

(2×5) ×4, and (3×4) ×1, which had leaf areas 

of 6326, 6308, 6212, 6200, and 6177 cm², re-

spectively. The lowest means for leaf area 

were for the hybrid (2×4) ×3 at 3811 cm², not 

significantly differed from the hybrid (1×5) ×3 

with a leaf area of 4302 cm². The significant 

differences in leaf area between the triple hy-

brids could be attributed to their genetic na-

ture, the duration of plant growth, and height, 

which lead to increased cell division and con-

sequently an increase in leaf area. These re-

sults are consistent with those of Al-luhaibi 

(2022)  

Leaf area index (LAI): Significant differ-

ences were observed among the triple hybrids 

in leaf area index (LAI). In the spring season, 

the hybrid (1×2) ×4 exhibited the highest mean 

LAI at 3.10 and did not differed significantly 

from the hybrids (1×2) ×5, (2×3) ×1, (2×4) ×1, 

(2×4) ×5, (2×5) ×1, and (3×5) ×4, which had 

LAI values of 2.99, 3.07, 2.86, 2.91, 2.99, and 

2.96, respectively. The lowest mean LAI value 

was produced by the hybrid (1×5) ×3 at 1.93.  

In the fall season, the hybrid (1×4) ×3 distin-

guished with the highest LAI value of 3.51 and 

did not differ significantly from the hybrids 

(1×2) ×4, (1×5) ×2, (2×3) ×4, (2×4) ×1, (2×5) 

×4, and (3×4) ×1, which had LAI values of 

3.37, 3.36, 3.11, 3.31, 3.31, and 3.30, respec-

tively. The hybrid (2×4) ×3 had the lowest 

LAI value with an mean of 2.03. Significant 

differences in leaf area lead to significant dif-

ferences in LAI, which depend on the genetic 

or hereditary nature of each specific genotype, 

especially the plant height trait. This finding 

aligns with the results of Al-Badrani (2020) 

and Hadi and Hassan (2021), 

Physiological maturity (days): Results in Ta-

ble (2) indicate that the number of days from 

planting to 95% physiological maturity dif-

fered significantly among the triple hybrids. 

The trihybrid (1×4) ×5 reached physiological 

maturity in the lowest number of days, at 

90.50 days, significantly different from the 

other hybrids except the (1×2) ×5 hybrid, 

which took 91.25 days did not differed signifi-

cantly. The hybrid (1×5) ×4 took the longest 

time to reach physiological maturity, at 104.00 

days, did not differed significantly from the 

hybrid (1×2) ×4, which took 103.50 days to 

reach maturity in the spring season. In the fall 
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season, the hybrid (4×5) ×1 reached physio-

logical maturity earliest, taking 94.50 days, 

and did not differed significantly from the hy-

brids (1×4) ×5 and (2×3) ×5, which took 95.25 

and 95.00 days, respectively. However, the 

(1×5) ×4 hybrid was delayed by a difference of 

14.5 days compared to the earliest hybrid and 

differed significantly from the closest hybrid 

to it, the (2×4) ×1 hybrid, which took 106.75 

days to reach physiological maturity. The vari-

ation of genotypes (triple hybrids) affected the 

duration of growth, resulting in differences in 

the time required to reach 95% physiological 

maturity. Additionally, triple hybrids that 

flowered earliest (Table 1) reached physiolog-

ical maturity before the rest of the hybrids. 

This aligns with the findings Al-Mousawi, and 

Hassan (2020). 

Table 2. The mean number of leaves, leaf area, leaf area index, and days to 95% physiological ma-

turity for triple hybrids of maize for the spring and fall seasons of 2023 
Triple hybrids Leaf number )2Leaf area (cm Leaf area index Days to maturity 
p1 p2 p3 Sprin

g 

Fall Spring Fall Spring Fall Spring Fall 

(1×2) ×3 11.33 13.04 5076 5283 2.71 2.82 96.00 97.00 

(1×2) ×4 13.49 13.70 5808 6326 3.10 3.37 103.50 106.00 

(1×2) ×5 12.83 12.54 5615 5431 2.99 2.90 91.25 95.75 

(1×3) ×2 11.83 13.17 4612 5482 2.46 2.92 101.00 104.75 

(1×3) ×4 11.33 11.79 4874 5044 2.60 2.69 93.25 96.00 

(1×3) ×5 11.99 12.16 5199 4943 2.77 2.64 102.25 106.00 

(1×4) ×2 12.91 13.29 5208 5594 2.78 2.98 95.50 97.75 

(1×4) ×3 12.08 13.54 5256 6588 2.80 3.51 99.00 103.25 

(1×4) ×5 10.66 10.83 4356 4431 2.32 2.36 90.50 95.25 

(1×5) ×2 14.17 14.25 5315 6308 2.83 3.36 100.50 105.50 

(1×5) ×3 10.58 11.21 3621 4302 1.93 2.29 93.25 96.75 

(1×5) ×4 11.75 11.66 5067 5522 2.70 2.95 104.00 109.00 

(2×3) ×1 12.33 12.28 5753 5537 3.07 2.95 96.50 97.75 

(2×3) ×4 12.58 12.75 5219 5821 2.78 3.11 100.75 104.00 

(2×3) ×5 10.16 10.87 4346 4683 2.32 2.50 101.25 95.00 

(2×4) ×1 13.66 13.66 5366 6212 2.86 3.31 93.75 106.75 

(2×4) ×3 10.16 10.33 4757 3811 2.54 2.03 93.25 95.75 

(2×4) ×5 13.08 11.33 5447 4741 2.91 2.53 99.25 102.75 

(2×5) ×1 13.25 12.88 5606 5174 2.99 2.76 101.50 105.50 

(2×5) ×3 14.00 13.29 5106 5549 2.72 2.96 101.75 104.75 

(2×5) ×4 11.25 12.21 5263 6200 2.81 3.31 98.00 102.25 

(3×4) ×1 13.00 12.95 5161 6177 2.75 3.30 100.50 106.25 

(3×4) ×2 13.25 13.12 4876 5387 2.60 2.87 97.50 103.25 

(3×4) ×5 12.75 12.79 4591 5884 2.45 3.14 96.50 100.25 

(3×5) ×1 10.66 11.87 4439 4967 2.37 2.65 95.00 96.50 

(3×5) ×2 11.16 11.54 4457 4568 2.38 2.44 95.75 96.00 

(3×5) ×4 12.66 11.66 5550 4727 2.96 2.52 99.5 99.25 

(4×5) ×1 11.50 11.45 4583 4583 2.45 2.45 93.50 94.500 

(4×5) ×2 11.42 12.12 4693 4876 2.50 2.60 99.50 101.25 

(4×5) ×3 11.41 11.83 4677 4855 2.49 2.59 100.50 102.25 

LSD 1.17 0.95 516 612.4 0.28 0.33 1.16 0.88 

 

Ear length (cm): Results in Table (3) indicat-

ed significant differences in plants ear length. 

The triple hybrid (1×5) ×2 exhibited the high-

est ear length, at 18.79 cm, and did not dif-

fered significantly from the hybrids (1×2) × 4, 

(1×3) ×5, (2×4) ×1, (2×5) ×1, and (3×4) ×2, 

with ear lengths of 17.58, 17.87, 17.41, 17.24, 

and 17.08 cm, respectively. While, the lowest 

ear length was produced for the (1×5) ×3 hy-

brid, which 12.91 cm, which did not differed 

significantly from four other triple hybrids, 

(1×4) ×2, (1×4) ×5, (3×5) ×2, and (4×5) ×1, 

with ear lengths of 14.66, 13.74, 13.87, and 

14.12 cm, respectively, in the spring season.  

In the fall season, the highest mean ear length 

was 18.83 cm for the (2×5) ×1 hybrid, which 

did not differed significantly from the hybrids 

(1×2) ×3, (1×2) ×4, (1×3) ×2, (1×3) ×5, (1×5) 

×2, (2×5) ×3, and (3×4) ×5. The hybrid (1×5) 

×3 produced the lowest mean ear length at 

14.21 cm, differed significantly from the clos-

est hybrid to it, the (1×5) ×4 hybrid, which had 
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an ear length of 15.46 cm. The superior per-

formance of the triple hybrids (1×5) ×2 and 

(2×5) ×1 in both the spring and fall seasons in 

the ear length could be attributed to their good 

plant height and ear height, in addition to a 

higher number of leaves (Tables 1 and 2). This 

leads to reduced shading percentage for the 

ears due to their sparse distribution on the stem 

length, resulting in increased photosynthetic 

efficiency and accumulation of dry matter, ul-

timately leading to increased ear length. These 

results align with the findings of Al-Amiri 

(2021) and Okab and Abed (2023),  

Rows per ear: Number of rows per ear is one 

of the highly heritable components of maize 

yield (19). The results from Table (3) indicate 

significant differences among the genotypes 

(triple hybrids) for the number of rows per ear. 

The triple hybrid (1×2) ×3 exhibited the high-

est mean of 17.83 rows ear-1 and did not dif-

fered significantly from hybrids (1×2) ×4, 

(1×3) ×4, (1×5) ×2, (1×5) ×3, (1×5) ×4, (2×3) 

×1, (2×3) ×4, (2×3) ×5, (2×4) ×3, (2×4) ×5, 

(3×4) ×5, and (3×5) ×2. Conversely, the triple 

hybrids (1×2) ×5, (2×5) ×1, and (4×5) ×2 were 

characterized by the lowest mean of 13.66 

rows ear-1 for each.  In the fall season, the 

highest mean was 17.41 rows per ear for the 

(1×5) ×2 hybrid, and most triple hybrids did 

not differed significantly from it in the number 

of rows ear-1. The lowest mean value was pro-

duced for the (4×5) ×2 hybrid at 14.33 rows 

ear-1. The number of rows ear-1 is a heritable 

trait in maize. Significant differences among 

hybrids result from variations in the genetic 

makeup of each hybrid. The superiority of the 

(1×5) ×2 hybrid could be attributed to its supe-

riority in several traits, including taller plant 

and ear height, higher leaf count, and longer 

ear length (Tables 1, 2, and 3). These findings 

align with those of Abdel-Hamid et al. (2021) 

and Hadi et al., (2021). 

Kernels per row: The results from Table (3) 

indicate that the triple hybrid (2×5) ×3 exhibit-

ed the highest mean for kernels per row in the 

spring season, at 36.16 kernels row-1. It did not 

differed significantly from the triple hybrids 

(1×4) ×3, (2×3) ×4, and (3×5) ×1, which had 

mean values of 34.08, 34.49, and 35.74 kernels 

row-1, respectively. Conversely, the triple hy-

brid (1×5) ×3 had the lowest mean at 24.08 

kernels row-1, differing significantly from the 

means of the other hybrids except for (1×4) 

×2, (1×4) ×5, and (3×5) ×2, which had mean 

values of 25.50, 24.24, and 25.66 kernels row-

1, respectively.   In the fall season, the triple 

hybrid (1×4) ×3 outperformed others with the 

highest mean of 35.16 kernels row-1. Which 

did not differed significantly from the triple 

hybrids (1×2) ×3, (1×2) ×4, and (3×5) × 1, 

which had mean values of 34.08, 34.41, and 

33.83 kernels row-1, respectively. The lowest 

mean for kernels row-1 was produced for the 

(1×4) ×5 triple hybrid at 26.41 kernels row-1, 

and it did not differ significantly from the tri-

ple hybrids (1×4) ×2, (1×5) ×3, (2×3) ×4, 

(3×4) ×2, (3×4) ×5, and (3×5) ×4, which had 

mean values of 28.66, 26.99, 28.58, 26.91, 

27.66, and 27.41 kernels row-1, respectively. 

These results align with findings from Allaw 

(2022), and Hassan et al. (2018). 

Number of kernels per ear: The results in 

Table (3) indicate significant differences 

among the hybrids in terms of kernels per ear, 

which is one of the primary components of 

plant yield. The hybrid (2×3) ×4 showed supe-

riority with a mean of 595.1 kernels ear-1, but 

did not diffed significantly from the means of 

hybrids (1×2) ×3, (1×2) ×4, (2×3) ×5 and 

(3×4) ×5, which produced 575.0, 554.7, 559.3, 

and 552.3 kernels ear-1, respectively. The low-

est value was observed for the hybrid (1×4) ×5 

at 359.9 kernels ear-1, which did not differed 

significantly from hybrids (1×2) ×5, (1×4) ×2, 

(1×5) ×3, (2×5) ×1, (3×4) ×2, and (3×5) ×4, 

with kernel counts of 397.7, 396.3, 383.3, 

400.7, 414.0, and 382.7 kernels ear-1, respec-

tively, in the spring season.  In the fall season, 

the triple hybrid (1×2) ×3 achieved the highest 

mean for kernels per ear at 576.9 kernels ear-1, 

which did not differed significantly from hy-

brids (1×2) ×4, (1×4) ×3, (1×5) ×2, and (3×5) 

×1, which produced means of 572.5, 572.9, 

555.7, and 556.8 kernels ear-1, respectively. 

Conversely, the lowest means.  

 

Table 3. The mean of ear length, rows ear-1, kernel row-1, and kernel ear-1 for triple hybrids of 

maize for the spring and fall seasons of 2023 
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Triple hybrids Ear length (cm) 1-Rows ear 1-kernel row 1-kernel ear 

p1 p2 p3 Sprin

g 

Fall Spring Fall Spring Fall Spring Fall 

(1×2) ×3 16.16 17.79 17.83 16.91 32.16 34.08 575.0 576.9 

(1×2) ×4 17.58 18.12 16.50 16.75 33.33 34.41 554.7 572.5 

(1×2) ×5 16.29 17.29 13.66 14.91 28.75 30.83 397.7 462.4 

(1×3) ×2 16.75 17.79 15.17 15.75 30.58 32.74 464.3 513.0 

(1×3) ×4 15.45 17.08 16.16 15.91 29.75 30.41 481.0 486.2 

(1×3) ×5 17.87 18.62 15.17 15.41 31.74 30.83 480.9 479.1 

(1×4) ×2 14.66 17.08 15.50 16.58 25.50 28.66 396.3 475.7 

(1×4) ×3 16.25 17.66 14.83 16.33 34.08 35.16 503.6 572.9 

(1×4) ×5 13.74 16.08 15.00 15.58 24.24 26.41 359.9 410.8 

(1×5) ×2 18.79 18.71 16.50 17.41 32.16 31.83 532.9 555.7 

(1×5) ×3 12.91 14.21 15.83 14.49 24.08 26.99 383.3 387.6 

(1×5) ×4 15.87 15.46 15.83 16.75 31.66 31.66 501.4 530.6 

(2×3) ×1 15.33 16.67 17.00 16.75 31.58 31.58 535.8 531.0 

(2×3) ×4 16.75 16.96 17.33 16.33 34.49 28.58 595.1 462.3 

(2×3) ×5 14.79 17.04 16.17 15.83 28.91 31.49 468.7 495.7 

(2×4) ×1 17.41 17.42 15.00 15.91 32.08 30.99 480.7 493.6 

(2×4) ×3 16.04 17.04 17.08 15.58 28.66 28.99 491.2 451.4 

(2×4) ×5 15.00 16.17 16.16 16.16 31.00 30.91 500.6 503.5 

(2×5) ×1 17.24 18.83 13.66 14.75 29.33 31.58 400.7 464.0 

(2×5) ×3 16.66 18.25 15.50 16.49 36.16 29.24 559.3 488.1 

(2×5) ×4 16.00 16.66 14.58 14.41 30.16 28.91 438.1 412.4 

(3×4) ×1 16.66 17.50 15.33 16.33 30.16 29.99 462.6 493.1 

(3×4) ×2 17.08 17.71 14.33 15.08 28.74 26.91 414.0 410.4 

(3×4) ×5 16.50 17.91 16.33 15.41 33.91 27.66 552.3 425.5 

(3×5) ×1 16.00 16.96 15.00 16.41 35.74 33.83 532.8 556.8 

(3×5) ×2 13.87 16.12 17.00 17.25 25.66 28.83 436.6 498.8 

(3×5) ×4 15.66 16.75 14.16 17.00 27.08 27.41 382.7 467.5 

(4×5) ×1 14.12 16.62 15.16 16.75 27.08 29.25 414.9 492.7 

(4×5) ×2 16.16 17.42 13.66 14.33 31.91 30.50 436.8 436.2 

(4×5) ×3 15.49 16.92 15.50 16.83 31.66 30.16 489.3 502.5 

LSD 1.83 1.06 2.19 2.61 2.25 2.37 54.2 45.6 

 

Number of ears per plant: The number of 

ears per plant is one of the yield components. 

Table (4), shows that there were no significant 

differences among the hybrids in the spring 

season. However, in the fall season, significant 

differences were observed among the hybrids. 

The hybrid (2×5) ×1 produced the highest 

mean (1.650 ears plant-1), although did not dif-

fered significantly from most of the triple hy-

brids (1×2) ×3, (1×2) ×4, (1×3) ×2, (1×3) ×4, 

(1×4) ×5, (1×5) ×2, (1×5) ×3, (2×3) ×1, (2×3) 

×4, (2×3) ×5, (2×4) ×1, (2×4) ×3, (2×4) ×5, 

(3×4) ×1, (3×4) ×5, (3×5) ×1, (3×5) ×2, (3×5) 

×4, (4×5) ×1, (4×5) ×2, and (4×5) ×3. The 

lowest mean was 1.225 ears plant-1 for the tri-

ple hybrid (1×3) ×5, which did not differed 

significantly from other hybrids such as (1×2) 

×5, (1×3) ×4, (1×4) ×2, (1×4) ×3, (1×4) ×5, 

(1×5) ×3, (1×5) ×4, (2×4) ×1, (3×4) ×2, (3×4) 

×5, (3×5) ×1, and (3×5) ×4. The reason for the 

superiority of the hybrid (2×5) ×1 could be 

attributed to its longer ears (Table 3). These 

results are consistent with those found by Hadi 

and Hassan (2018), who found significant dif-

ferences among genotypes in the number of 

ears plant-1. 

Weight of 100 kernels: Significant differ-

ences were observed among the triple hybrids 

for the produced 100-kernels weight. The tri-

ple hybrid (1×3) ×2 the highest mean of 24.96 

grams. It did not differed significantly from 

the means of the hybrids (1×2) ×5, (2×5) × 1, 

and (3×4) ×2, which were 23.93, 23.72, and 

23.72 grams, respectively. The lowest mean 

was produced by the triple hybrid (1×5) × 3 in 

both seasons, with values of 17.55 and 18.14 

grams, respectively. It did not differed signifi-

cantly from the hybrids (1×4) ×2, (2×3) ×1, 

(2×4) ×3, (2×4) ×5, and (4×5) ×1, which had 

18.20, 19.05, 19.59, 19.50 grams, respectively, 

in the spring season. In the fall season, the 

weight of 100 kernels for the triple hybrids 

increased compared to the spring season. The 

highest mean was 24.17 grams, achieved by 
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the hybrid (1×2) ×5, which did not differed 

significantly from the hybrids (1×3) ×2, (2×5) 

×1, (2×5) ×4, (3×4) ×1, and (3×4) ×2, with 

means of 24.14, 23.67, 22.86, 22.86, and 24.00 

grams, respectively. Similarly, the hybrids 

(1×2) ×3, (1×3) ×4, (1×4) ×2, (2×3) ×1, (2×4) 

×3, (2×4) ×5, and (4×5) ×1 did not differed 

significantly from the hybrid (1×5) ×3, which 

produced the lowest means (17.55 and 18.14 

grams) for both seasons. The reason for the 

superiority of the triple hybrid (1×3) ×2 could 

be attributed to its shorter number of days to 

reach tasseling (Table 1), allowing sufficient 

time for the accumulation of assimilates in the 

source and directing them to the sink repre-

sented by the kernels, thus increasing their 

weight. Additionally, genetic factors responsi-

ble for differences in kernel size could con-

tribute to this. These findings align with those 

of, Al-Mohammady (2022), and Hadi et al. 

(2019), who found significant differences 

among genotypes in kernel weight.  

dry matter weight (grams): The results in 

Table (4) indicate significant differences 

among the triple hybrids for the plant dry 

weight, with the highest values produced by 

the triple hybrid (1×5) ×2 in both seasons, at 

795.7 and 823.0 grams, respectively. This tri-

ple hybrid differed significantly from all other 

hybrids and from the closest triple hybrid to it 

in weight, which was the triple hybrid (1×4) 

×3 at 704.8 grams in the spring season. The 

lowest mean was produced by the triple hybrid 

(1×4) ×5 at 361.4 grams, which did not dif-

fered significantly from the triple hybrids 

(1×5) ×3, (3×5) ×2, (3×5) ×4, (4×5) ×1, and 

(4×5) ×3, with means of 361.7, 407.2, 443.1, 

424.2, and 432.4 grams, respectively.  In the 

fall season, the same triple hybrid (1×4) ×5 

also gave the lowest means at 369.1 grams, 

which did not differed significantly from the 

triple hybrids (1×5) ×3, (3×5) ×2, and (3×5) 

×4, with means of 400.3, 407.2, and 437.1 

grams, respectively. The significant differ-

ences among the hybrids in dry matter weight 

and the superiority of the triple hybrid (1×5) 

×2 in dry matter weight could be attributed to 

its higher plant and ear height (Table 1). Addi-

tionally, it had the highest leaf count (14.17 

and 14.25 leaves plant-1) in both the spring and 

fall seasons (Table 2). Moreover, it had the 

highest ear length and number of rows (Table 

3), leading to increased accumulation of dry 

matter. These findings are consistent with 

those of Abd-Alwahed (2022). 

Ear weight (g): The weight of ear is one of 

the main components of maize yield, and the 

results of Table (4) show significant differ-

ences among the triple hybrids. In the spring 

season, the hybrid (2×5) ×3 gave the highest 

mean weight, reaching 556.5 g. However, it 

did not differed significantly from hybrids 

(1×2) ×4, (1×5) ×2, (2×3) ×4, and (2×4) ×1, 

which produced plant mean of 471.5, 509.2, 

530.8, and 499.3 g, respectively. Plants of hy-

brid (1×5) ×3 produced the lowest mean for 

both seasons, at 255.2 and 287.5 g, respective-

ly, and did not differed significantly from hy-

brids (1×2) ×5, (1×3) ×4, (1×4) ×2, (1×4) ×5, 

(3×5) ×2, (3×5) ×4, and (4×5) ×1.   In the fall 

season, the same genotype (2×5) ×3 achieved 

the highest value at 553.4 g, and did not dif-

fered significantly from three other hybrids: 

(1×5) ×2, (2×3) ×4, and (2×4) ×1, with means 

of 527.5, 520.9, and 523.7 g, respectively. 

Likewise, hybrids (1×2) ×5, (1×3) ×4, (2×3) 

×5, (3×4) ×2, (3×5) ×2, (3×5) ×4, (4×5) ×1, 

(4×5) ×2, and (4×5) ×3 did not differed signif-

icantly from the lowest triple hybrid (1×5) ×3. 

The superiority of some triple hybrids in ear 

weight, especially hybrid (2×5) ×3, is attribut-

ed to its superiority in ear length and number 

of rows per ear (Table 3), as found by Al-

Amili (2023), and Hassan and Hadi (2022). 

 

 

 

 

 

 

Table 4. The mean of ear plant-1, weight of 100 kernels, dry matter weight, and ear weight of triple 

hybrids of maize for the spring and fall seasons of 2023 
Triple hybrids 1-Ear plant Weight of 100 

kernels 

Dry matter weight Ears weight (g) 
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p1 p2 p3 Spring Fall Spring Fall Spring Fall Spring Fall 

(1×2) ×3 1.247 1.450 19.75 18.67 559.8 580.3 425.2 445.0 

(1×2) ×4 1.247 1.500 21.02 22.68 667.8 651.0 471.5 454.2 

(1×2) ×5 1.082 1.300 23.93 24.17 470.7 478.2 329.8 338.3 

(1×3) ×2 1.165 1.500 24.96 24.14 589.9 564.7 417.5 389.7 

(1×3) ×4 1.082 1.375 20.24 19.45 450.9 440.5 314.7 304.8 

(1×3) ×5 1.082 1.225 21.96 22.67 572.9 551.9 393.2 369.5 

(1×4) ×2 1.330 1.300 18.20 18.56 456.9 487.2 331.1 357.9 

(1×4) ×3 1.247 1.275 20.72 21.01 704.8 739.2 448.3 411.2 

(1×4) ×5 1.083 1.350 20.37 20.67 361.4 369.1 268.4 269.9 

(1×5) ×2 1.330 1.625 21.36 21.50 795.7 823.0 509.2 527.5 

(1×5) ×3 1.165 1.375 17.55 18.14 361.7 400.3 255.2 287.5 

(1×5) ×4 1.165 1.300 20.97 21.21 556.8 578.6 415.8 431.9 

(2×3) ×1 1.247 1.575 19.05 18.75 499.6 492.9 381.3 377.1 

(2×3) ×4 1.330 1.575 21.31 21.56 661.2 653.0 530.8 520.9 

(2×3) ×5 1.247 1.575 19.93 20.62 468.0 456.1 367.2 355.4 

(2×4) ×1 1.247 1.375 21.88 21.23 685.7 711.1 499.3 523.7 

(2×4) ×3 1.000 1.450 19.11 18.51 452.3 478.1 351.1 373.8 

(2×4) ×5 1.247 1.575 19.59 19.15 539.4 536.3 425.9 420.0 

(2×5) ×1 1.330 1.650 23.72 23.67 614.6 662.1 404.8 451.9 

(2×5) ×3 1.330 1.525 19.93 19.82 695.7 693.5 556.5 553.4 

(2×5) ×4 1.330 1.450 22.56 22.86 590.9 616.2 435.6 459.7 

(3×4) ×1 1.165 1.450 22.62 22.86 561.6 529.6 402.9 375.3 

(3×4) ×2 1.247 1.300 23.72 24.00 613.7 631.5 376.2 350.0 

(3×4) ×5 1.165 1.375 20.48 21.18 573.6 545.3 400.7 366.7 

(3×5) ×1 1.330 1.375 21.99 21.82 602.5 589.6 439.2 424.7 

(3×5) ×2 1.247 1.450 21.08 20.49 407.2 407.2 301.6 300.1 

(3×5) ×4 1.247 1.375 21.47 22.17 443.1 437.1 325.3 318.0 

(4×5) ×1 1.165 1.525 19.50 19.56 424.2 448.0 325.1 329.0 

(4×5) ×2 1.247 1.500 21.26 21.05 498.6 464.6 374.8 343.3 

(4×5) ×3 1.083 1.525 21.23 21.38 432.4 445.1 355.9 354.4 

LSD n.s 0.34 2.18 1.58 83.9 68.96 85.7 68.23 

 

Growth crop rate (GCR): Significant differ-

ences were observed among the triple cross 

hybrids in the growth crop rate, with the triple 

hybrid (1×5) ×2 distinguished by the highest 

mean growth crop rate for both seasons, at 

7.92 and 7.80 g plant-1 day-1 respectively. But 

did not differed significantly from hybrids 

(1×4) ×3 and (2×4) ×1, with means of 7.12 and 

7.31 g plant-1 day-1, respectively, in the spring 

season. The lowest means were produced by 

the hybrid (1×5) ×3 at 3.88 g plant-1 day-1 and 

did not differed significantly from hybrids 

(1×4) ×5, (2×3) ×5, (3×5) ×2, (3×5) ×4, (4×5) 

×1, and (4×5) ×3.  The lowest growth rate in 

the fall season was also 3.88 g plant-1 day-1, for 

the hybrid (1×4) ×5, which did not differed 

significantly from hybrids (1×5) ×3, (3×5) ×2, 

(3×5) ×4, and (4×5) ×3, with mean growth 

rates of 4.14, 4.24, 4.40, and 4.35 g plant-1 day-

1 respectively. The superiority of the triple  

hybrid (1×5) ×2 in growth rate is attributed to 

its higher plant and ear height (Table 1), high-

er leaf number (Table 2), and ear length and 

row number (Table 3), all contributing to its 

highest dry matter weight for both seasons, at 

795.7 and 823.0 g (Table 4). This result is con-

sistent with those who found that genotypes 

with high growth rates have higher total dry 

matter weight, such as Ziyad et al. (2018), and 

Hadi et al. (2019). 

Plant yield (g): Results in Table (5) reveal a 

significant differences among the triple hy-

brids in the trait of individual plant yield are 

observed for both seasons. In the first season 

(spring), the hybrid (2×5) ×3 achieved the 

highest mean plant yield for both seasons at 

439.2 and 441.5 g, respectively. But did not 

differed significantly from hybrids (1×3) ×2, 

(2×3) ×4, and (2×4) ×1 for both spring and fall 

seasons. While, the lowest mean was produced 

by the hybrid (1×4) ×5 in both seasons, at 

200.6 and 221.8 g, respectively. However, it 

did not differed significantly from 10 other 

triple  hybrids: (1×2) ×5, (1×3) ×4, (1×3) ×5, 

(1×4) ×2, (1×5) ×3, (3×4) ×2, (3×5) ×2, (3×5) 

×4, (4×5) ×1, and (4×5) ×2, in addition to the 

hybrid (4×5) ×3 in the fall season. The superi-

ority of the triple hybrid (2×5) ×3 in plant 

https://doi.org/10.36103/w7ps8875


                                                           Iraqi Journal of Agricultural Sciences –2026:57(6):1666-1680 
                                                                              P-ISSN: 0075- 0530 /  E-ISSN: 2410-0862       

                                                                             DOI: https://doi.org/10.36103/w7ps8875  

1676 

yield is attributed to its higher ear height (Ta-

ble 1) and higher number of rows per ear (Ta-

ble 3), resulting in a higher ear weight for both 

seasons, at 556.5 and 553.4 g (Table 4). This 

result is consistent with findings by Al-

Najmawi (2023), Hadi et al. (2023), and Has-

san et al. (2019).  

Table 5. The mean of Growth Crop rate, plant yield, yield per unit area, and harvest index of triple 

hybrids of maize for the spring and fall seasons of 2023. 
Triple hybrid GCR Plant yield g 1-Yield ton ha Harvest index   

p1 p2 p3 Spring

 ربيعي 

Fall Spring

 ربيعي 

Fall Spring Fall Sprig Fall 

(1×2) ×3 5.84 5.98 321.0 322.0 17.11 17.10 58.4 55.53 

(1×2) ×4 6.46 6.14 364.9 369.5 19.45 19.71 55.3 57.17 

(1×2) ×5 5.16 4.99 222.2 237.9 11.84 12.69 47.5 50.34 

(1×3) ×2 5.84 5.39 416.3 416.6 22.19 22.22 70.4 76.10 

(1×3) ×4 4.84 4.59 253.4 259.2 13.51 13.83 56.5 59.29 

(1×3) ×5 5.61 5.21 253.4 273.8 13.51 14.60 44.6 49.68 

(1×4) ×2 4.78 4.98 248.7 271.1 13.26 14.46 56.2 55.90 

(1×4) ×3 7.12 7.16 350.5 356.2 18.68 19.00 49.9 48.23 

(1×4) ×5 4.00 3.88 200.6 221.8 10.69 11.83 56.2 60.72 

(1×5) ×2 7.92 7.80 322.5 341.0 17.19 18.19 40.9 41.91 

(1×5) ×3 3.88 4.14 203.7 224.2 10.86 11.96 57.7 57.23 

(1×5) ×4 5.35 5.31 333.8 349.2 17.79 18.62 61.4 60.34 

(2×3) ×1 5.18 5.04 318.2 330.2 16.96 17.61 63.9 67.11 

(2×3) ×4 6.57 6.28 428.2 421.3 22.82 22.47 66.2 64.82 

(2×3) ×5 4.63 4.80 295.2 293.4 15.74 15.65 63.2 64.45 

(2×4) ×1 7.31 6.66 391.7 391.0 20.88 20.85 57.8 55.03 

(2×4) ×3 4.85 4.99 275.9 277.0 14.70 14.77 61.3 58.02 

(2×4) ×5 5.43 5.22 339.8 327.6 18.11 17.47 62.9 61.62 

(2×5) ×1 6.06 6.28 324.5 324.9 17.30 17.33 52.8 49.20 

(2×5) ×3 6.84 6.62 439.2 441.5 23.41 23.55 63.0 63.76 

(2×5) ×4 6.03 6.03 348.0 319.7 18.55 17.05 59.2 51.88 

(3×4) ×1 5.59 4.98 288.6 289.4 15.38 15.43 51.3 55.42 

(3×4) ×2 6.30 6.12 273.0 288.1 14.55 15.37 44.4 45.79 

(3×4) ×5 5.95 5.44 325.2 330.7 17.33 17.64 57.5 61.17 

(3×5) ×1 6.34 6.11 356.9 359.9 19.02 19.20 60.2 61.55 

(3×5) ×2 4.25 4.24 232.9 247.0 12.41 13.17 58.7 61.47 

(3×5) ×4 4.45 4.40 273.8 290.8 14.59 15.51 62.3 67.28 

(4×5) ×1 4.54 4.74 249.3 272.1 13.29 14.51 60.5 61.85 

(4×5) ×2 5.01 4.58 266.1 274.7 14.18 14.65 53.6 59.71 

(4×5) ×3 4.30 4.35 275.6 250.4 14.69 13.35 58.8 56.17 

LSD 0.87 0.68 73.5 60.04 3.92 3.20 n.s 14.32 

Yield per unit area (tons ha-1): Results in 

Table (5) indicate a significant differences 

among the triple hybrids in the yield per unit 

area were observed for both seasons. Since the 

cultivation was done at a same density for all 

genotypes, we find that the triple cross hybrid 

(2×5) ×3, which excelled in the trait of indi-

vidual plant yield, also excelled in the highest 

unit area yield for both spring and fall seasons, 

with an mean of 23.41 and 23.55 ton ha-1 re-

spectively. It did not differed significantly 

from the hybrids (1×3) ×2, (2×3) × 4, and 

(2×4) ×1 for both seasons, with means of 

22.19, 22.82, and 20.88 ton ha-1 respectively 

for spring, and 22.22, 22.47, and 20.85 ton ha-1 

respectively for fall. The lowest mean was also 

produced by the hybrid (1×4) ×5 for both sea-

sons, with mean of 10.69 and 11.83 ton ha-1  

respectively, and did not differed significantly 

from hybrids (1×2) ×5, (1×3) ×4, (1×3) ×5, 

(1×4) ×2, (1×5) ×3, (3×4) ×2, (3×5) ×2, (3×5) 

×4, (4×5) ×1, and (4×5) ×2. It also did not dif-

fered significantly from the same hybrids in 

the fall season, in addition to hybrids (2×4) ×3 

and (4×5) ×3. The reason for the triple  hybrid 

(2×5) ×3 produced the highest yield  per unit 

area is attributed to its superiority in the traits 

that resulted in its highest individual plant 

yield (Table 5). This result is consistent with 

those who found that genotypes vary in grain 

yield, Khalaf  Hassan   and (2022b), Hassan   

and Hadi (2022), Okab  )2022), and Hadi et al. 

(2023). 

Harvest Index: The results in Table (5) indi-

cated no significant differences among the 

genotypes (triple hybrids) for the harvest index 
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in the spring season. However, in the fall sea-

son, there were significant differences among 

the hybrids. The hybrid (1×3) ×2 has the high-

est mean for the harvest index at 76.10%. 

However, it did not reach the level of signifi-

cance compared to the means of hybrids (2×3) 

×1, (2×3) ×4, (2×3) ×5, (2×5) ×3, and (3×5) 

×4, which reached 67.11%, 64.82%, 64.45%, 

63.76%, and 67.28% respectively. While, the 

lowest mean of 41.91% was produced by the 

hybrid (1×5) ×2, which did not differ signifi-

cantly from almost half of the triple  hybrids 

(12 hybrids). This finding is supported by the 

studies conducted by Al-Baidhani (2022). 
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 باعتماد التهجين الثلاثي إنتاج هجن من الذرة الصفراء للاستهلاك المباشر 

 ناظم يونس عبد ،مكمال احمد كاظ

 قسم الحاصيل الحقلية، كلية علوم الهندسة الزراعية، جامعة بغداد 

 المستخلص 
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هجين ثلاثي ناتجة من تضريب عشرة هجن فردية مع خمسة سلالات نقية متباعدة وراثياً  لغررر    30بهدف استنباط واختبار         

أجريررت تجربررة البدء بخطة للتربية لإيجاد هجين أو أكثر ذو انتاجية عالية وصفات نوعية جيدة تحت الظروف المحلية في العرررا. . 

و NAEL 2022 (3و   NASA 2022 (2و NADH 102 (1الررةرة الرررفراء  هرري   حقلية باستعمال خمس سررلالات نقيررة مررن

 4) NA 9928 E   5و)NADH 2006 ادخلت في برنامج تهجين تبادلي نرفي للحرررول علرر   2022, في الموسم الاول ربيع

وفي الموسم الخريفي للسنة نفسها أدخلت السلالات الأبوية والهجن الفردية  في برنامج تهجين ثلاثي وفق طريقة   ( هجن فردية,10 

Cockerham  وRawling   هجيناً ثلاثياً وفق المعادلة   30, للحرول علC=P(P-1)(P-2)/2   اظهرت نتائج الدراسة وجود .

 23.41( بررلعل  حاصررل لوحرردة المسرراحة وللموسررمين بلرر  2×5× 3هجين الثلاثرري وتفو. ال فروقات معنوية بين التراكيب الوراثي,

 22.82و 22.19( بحاصررل بلرر  2×4× 1( و2×3× 4( و1×3× 2، ولررم يختلررن معنويرراً عررن الهجررن الثلاثيررة 1-طن/هررر 23.55و

تفوقه بررلعل  الرن ومن ثم    عدد لحبوب( يعود ال  تفوقه بلعل   2×5× 3بالتتابع، ان تفو. الهجين الثلاثي    1-طن/هكتار  20.88و

 غم. 441.5و 439.2للموسمين واعل  حاصل للنبات الفردي بل   غم  553.4و 556.5وزن للعرانيص بل  

 .الةرة الرفراء, هجن فردية الموسم الربيعي والخريفي  ,حاصل حبوب  الكلمات المفتاحية:
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