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ABSTRACT: Maize (Zea mays L.) is an important cereal crop due to its high forage and grain 
yield potential. The objective of this study was to assess mean performance and heterotic effects of 36 
F1 hybrids with 4 checks under three planting densities, 24,000, 32,000, and 40,000 plants fed

-1
 at 

optimal sowing date (April 10
th
) and late one (May 28

th
) in the middle Egypt. Significant differences 

were recorded for all studied traits among maize hybrids in the six environments. The 2
nd

 sowing date 
(SD) had negatively affected on all maize hybrids for all traits. The high plant density (HPD) and 
medium (MPD) one caused an increase in days to 50% tasseling (later in maturity), plant height (taller 
plants), and grain yield per feddan (increased by 17.77% and 1.01% in the 1

st
 SD, and 14.8% and 

8.65% in the 2
nd

 SD under HPD and MPD, respectively). While, ear length, ear diameter, number of 
rows per ear, number of kernels per plant, 100- kernel weight, and grain yield per plant were reduced 
under MPD and HPD. Grain yield varied from 16.6 to 44.89 ardab fed

-1
 in the 1

st
 SD and varied from 

11.55 to 35.40 ardab fed
-1

. in the 2
nd

 SD. The hybrid L8×L9 had the highest average grain yield overall 
environments (35.13 ardab fed

-1
) followed by L1×L3, L1×L8, L3×L8, L3×L4, and L3×L5 (32.65, 

32.65, 32.5, 32.49 and 32.34 ardab fed
-1

, respectively). Negative and significant desirable standard 
heterosis over check variety Pioneer 32D99 were recorded in crosses (L1×L4), (L1×L8), (L6×L7) and 
(L4×L8) for days to 50% tasseling and crosses (L3×L8), (L3×L9), (L5×L8) (L6×L7), (L6×L8), (L6× 
L9), (L7×L9) and (L8×L9) for plant height under most environments. Positive and significant 
heterosis estimates were recorded in crosses (L4 × L7) and (L4 × L9) for ear length in 2

nd
 SD; cross 

(L1×L6) for ear diameter; crosses (L3×L8) and (L4 × L8) for number of rows per ear under most 
environments; crosses (L2×L6), (L2 × L9), (L4 × L7), (L6 × L9) and (L8 × L9) for number of kernels 
per row under all environments; cross (L8 × L9) for 100- kernel under all environments in the 1

st
 SD 

and NPD in the 2
nd

 SD as well as grain yield under HPD, it showed positive values. The percent 
heterosis for grain yield varied from -65.02 to 7.28%. Grain yield had positive and significant 
associations with plant height (0.672**), ear length (0.341*), ear diameter (0.375*), number of rows 
per ear (0.596**), and number of kernels per row (0.486**).The aforementioned promising hybrids are 
recommended for further inclusion in the breeding program.  
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INTRODUCTION  

Crops are is the main source of human food 

supply, and among them, grains are more 

important. In order to feed the growing world 

population, increasing crop yields is one of the 

main goals. Among cereals, maize (Zea mays 

L.) is an important crop in the world after wheat 

and rice because of its high grain and feed yield 

potential and it is produced countrywide in 

numerous environments. Maize is a staple food 

for many millions people in worldwide, it is the 

main energy source for animal feed, and also is 

used in industrially processed foods, and 

bioenergy-producing crop (Katsenios et al., 

2021). In 2020, the global maize production was 
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1162, 352, 997 tonnes (FAOSTAT, 2021), in 

Egypt, the total grain production was about 8 

million tons from 1.5 million ha of land and it 

occupies a prominent position in the agricultural 

sector of Egypt, each part of maize plant is used 

and nothing of them goes to waste. The maize 

grain yield in average is the highest and rather 

than wheat and rice.  

Correct sowing date can take full advantage 
of climatic factors such as temperature, humidity, 
day length, and adaptation of flowering time to 
the corresponding temperature (Sawan, 2018). 
The reduced grain yield in late-sown maize was 
due to the coincidence of the grain-filling period 
with autumn cold and was also related to 
insufficient heat input during the growing season 
(Golla et al., 2018; Rabbani and Safdary, 2021). 
Due to the limitation of arable land area, most 
researchers in recent years have focused on 
increasing the yield per unit area. Yield per unit 
area can usually be increased through breeding 
and agricultural management. The most important 
agricultural management practices are the 
selection of suitable hybrids, optimal planting 
density, optimal fertilizer application rate, 
correct sowing date, and irrigation time; therefore, 
improving maize yield requires sufficient 
information to understand the impact of these 
factors on yield and other plant traits. 
Management methods to increase maize yield, 
including the use of hybrids and proper planting 
dates, have been studied a lot (Rabbani and 
Safdary, 2021). 

Determining optimal maize planting density 
(number of plants per unit area) is a critical 
management decision for crop production 
(Assefa et al., 2016). Planting density (PD) is 
among the 4 grain yield (GY) of maize 
components (ear number/ plant, grain number / 
ear, and grain weight), it is exerting a large 
influence on attainable maize yield (Assefa et 
al., 2016). Modern maize hybrids are more cost-
effective in using water and nutrients, therefore 
are tolerant to improved planting populations. 
Thus, the improved grain yield/ unit area of new 
maize hybrids was due to the increased ideal 
maize planting density rather than the increased 
grain yield/ plant. Consequently, Madić et al. 
(2017) reported that the increase in maize grain 
yield of most new hybrids comes from increased 
planting densities. Accordingly, a high planting 
population has been usually used to increase GY 
in maize (Sher et al., 2017). Contrariwise, extra 
higher planting density decreases the GY of 
maize because it may lead to the increased 
pollen to the silking interval, the higher risk 

lodging, and the following barrenness. Thus, the 
future visions are morphological and 
physiological basis controlling barren and stalk 
lodging resistance (Sher et al., 2017).  

Heterosis is a prerequisite for developing a 
good economically viable maize variety. 
Information on the heterotic patterns among 
maize germplasm is essential in maximizing the 
effectiveness of hybrid development (Beck et 
al., 1990). The phenomenon of heterosis has 
been exploited extensively in crop breeding, 
leading to significant increase in yield. Heterosis 
is used to describe this phenomenon when the 
parents are taken from different populations of 
the same species; hybrid vigor is used when the 
parents are taken from different species 
(Charlesworth and Willis, 2009). 

The relationship between any two traits plays 
an important role in breeding programs. Several 
investigators showed close association between 
maize grain yield and its relevant traits (Nzuve 
et al., 2014; Ali, 2016; Sardar et al., 2019). 

The purpose of this experiment was to 
evaluate the effects of two planting dates and 
three different planting densities on grain yield 
and yield components of 36 F1 hybrids and 4 
control cultivars. Several objectives of this study 
are as follows: 1) determine the optimal planting 
date for high GY in the tested area; 2) determine 
the optimal density for optimal GY; 3) evaluate 
the planting date, planting density, and 
interactions of maize genotypes for yield and 
yield components; 4) determine the magnitude 
of standard heterosis for grain yield and yield 
related traits for cultivar development and/or 
further breeding and 5) identify the 
interrelationship among various metric traits.  

MATERIALS AND METHODS 

Plant Material  

In the first summer season (2017), nine inbred 
lines (S7) (Table 1) were sown at the Experimental 
Stations of Fine seeds international, Beba 
district, Beni Suef Governorate (28°54'06.5"N, 
30°56'21.2"E), Egypt. The planting date was on 
21 May and on 6 June to made all possible cross 
combinations excluding the reciprocals (half- 
diallel) and obtained on 36 F1 hybrids with 
enough quantities of hybrid seeds for the next 
season. Each yellow maize inbred line was sown 
in 20 rows, 5 m long and 0.70 m wide. Two 
maize seeds were sown per hill, it spaced 20 cm 
apart along the row, before the first irrigation 
plants were thinned to one plant per hill. 
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Table 1. Name, Origin and place bred of 9 parental inbred lines (L) 

No. Name Origin Country 

L1 CML 114 Pop-45 Mexico 

L2 L249 FSI Egypt 

L3 4883 Ajeeb Egypt 

L4 4893 Shams Egypt 

L5 5166 72013 Egypt 

L6 YL13-M 0325 155/30N11 USA 

L7 YL14-A 0407 S.C. 164 Egypt 

L8 YL14-A 0444 Pop. 1 Thailand 

L9 YL15-M 0534 Mon. C599 Thailand 

 

Field Trail 

The field experiment was carried out at Al 

Fant, Al Fashn district, Beni Suef Governorate, 

28°45'02.4"N, 30°52'25.9"E, Egypt in season 

2018 to evaluate 36 diallel crosses and 4 high 

yielding commercial hybrids (SC 176, Fine 276, 

Fine 354 and SC Pioneer 32D99) under six 

environments. Three planting densities were 

used 24,000, 32,000 and 40,000 plant fed
-1

 as 

normal (NPD), medium (MPD), and high 

(HPD), under two sowing dates on 10 April and 

28 May as optimal and late, respectively. A 

split-plot design was used in alpha lattice (5×8) 

arrangement in three replications. The main 

plots assigned to planting densities, but the sub-

plots were to maize hybrids. The area of sub-

plot was 7 m
2 

(2 rows, 5 m long and 0.70 m 

wide), the distance between hills was 25 cm, 

18.75 cm, and 15 cm, for normal, medium, and 

high planting densities, respectively. The hand 

planted was used in six environments with 2 

seeds per hill and after three weeks from 

planting, the maize plants were thinning to one 

plant/hill before the first irrigation.  

The rates of phosphor, potassium, and 

nitrogen fertilized were 31.5 kg P2O5, 50 kg K2O 

and 120 kg N fed
−1

, respectively. The other 

practices for maize cultivation were applied as a 

recommended. The dates of harvest were on 5 

August in the 1
st
 SD and 12 September in the 2

nd
 

SD. The experimental soil was clay in texture 

(clay 56.26%, sand 20.18%, and silt 23.56%), 

and it was slightly alkaline in reaction (pH 

values various between 7.62 - 7.96). The 

monthly average temperature is close to the 

long-term high, the highest temperature in June 

of the first season and July of the second season 

was 40°C, and rainfall was absent in two 

seasons. Therefore, the Neil River is the main 

source of water for irrigation. The test site is 

sunny from April to October, with an annual 

average of more than 4,000 hours of sunshine.  

Statistical Procedures 

The combined analysis of variance was 

performed according to Sharma (1998). 

Economic heterosis or standard heterosis was 

calculated for the traits that showed significant 

differences for genotypes. This was computed as 

a percentage increase or decrease of the cross 

performances over the best standard check 

(Falconer and Mackay, 1996). Pioneer 32D99 

was used as the best standard check. S.H (%) 

= 
         

    
×100  Where, S.H is standard 

heterosis, F1 is mean value of a cross, and S.CH 

is mean value of standard check. Variety test of 

significance for heterosis (%) was made using 

the t-test as follows (Singh and Chaudhary, 

1985). t (standard cross) = 
         

      
  where, SE 

(d) = √         where SE (d) is standard error 

of the difference, MSe is the error mean square, 

and r is the number of replications. The 

computed t value was tested against the t tabular 

value at the error degree of freedom. Correlation 
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coefficients were computed according to 

Snedecor and Cochran (1981). A PC Microsoft 

Excel program and SAS 9.2 (SAS Institute 

Inc., 2013) ® Computer programs for Windows 

were used for the statistical analysis. 

Data Collection 

Data were composed in the six environments 

for days to 50% tasseling (days), plant height 

(cm), ear length (cm), ear diameter (cm), 

number of rows per ear, and number of kernels 

per row, hundred-kernel weight (g) and grain 

yield per feddan (adjusted at 15.5% grain 

moisture). 

RESULTS AND DISCUSSION 

Mean Performance  

Generally, the analyses of variance revealed 

significant differences for all studied traits 

among the 40 maize hybrids in three different 

planting densities (HPD, MPD, and NPD) under 

both 1
st
 and 2

nd
 sowing dates. The 2

nd
 SD had 

negative effects on all maize hybrids for all 

traits, indicating the role of environmental 

effects on the growth stages and grain developing 

in maize. Similar findings have been reported by 

Al-Naggar et al. (2015), Turkey et al. (2018) 

and Omar et al. (2022). 

Days to Tasseling and Plant Height 

The results in Table 2 indicated that, the high 

(HPD) and medium (MPD) planting densities 

caused an increase (later) in days to 50% 

tasseling for most hybrids in the 1
st
 SD by an 

average of 0.54% under HPD and 0.56% under 

MPD, and in the 2
nd

 SD by an average of 1.58% 

under MPD compared with the NPD level.  

The maize hybrids G7 (L1 × L8), G27 (L5 × 

L6), G32 (L6 × L8), G3 (L1 × L4), G4 (L1 × 

L5), G5 (L1 × L6) exhibited the earliest values 

for days to 50% tasseling under all plant 

densities across two sowing dates. Conversely, 

the hybrids G13 (L2 × L7), G15 (L2 × L9), G21 

(L3 × L9), G35 (L7 × L9), and G40 (Fine 354) 

had the latest ones under six environments. The 

average of days to 50% tasseling over all 

environments varied from 57.6 of G27 (L5 × 

L6) to 63.8 day of G35 (L7 × L9), with an 

average of 59.5 days.  

The general mean of days to 50% tasseling 

tended to increase from 59.5 under NPD to 60.9 

under MPD and 60.8 days under HPD in the 1
st
 

SD and from 58.0 (NPD) to 58.9 (MPD) and 

57.9 days (HPD) in the 2
nd

 SD. All maize 

hybrids showed low values in the 2
nd

 SD 

compared with corresponding crosses in the 1
st
 

SD for this trait. These results are in harmony 

with those of Ali (2016), Sedhom et al. (2016), 

Sultan et al. (2018), Turkey et al. (2018), 

Kamara et al. (2020) and Ajayo et al. (2021). 

For plant height, the results in Table 2 

showed that high (HPD) and medium (MPD) 

planting densities caused an increase in plant 

height for the most hybrids, in the 1
st
 SD by an 

average of 4.67% under HPD and 1.43% under 

MPD, and in the 2
nd

 SD by an average of 5.37% 

under HPD and 3.57% under MPD compared 

with the NPD level. Mean plant height of F1 

crosses ranged in the 1
st
 SD from 222.7 to 305.0 

cm under NPD, 231.7 to 296.3 cm under MPD, 

and 222.0 to 314.7 cm under HPD for (L7 × L9) 

and (L8 × L9), respectively. Whereas, it was 

varied in the 2
nd

 SD from 208.2 to 288.8 cm 

under NPD, 224.7 to 287.1 cm under MPD, and 

228.0 to 305.4 cm under HPD for (L7 × L9) and 

(L8 × L9), respectively.  

Across two sowing dates and under all 

planting densities, the maize hybrids G1 (L1 × 

L2), G10 (L2 × L4), G36 (L8 × L9), G37 (SC 

176), and G40 (Fine 354) had the highest plant 

height. On the other hand, G35 (L7 × L9) and 

G21 (L3 × L9) hybrids had the lowest values in 

all environments. The general means of plant 

height were 269.2 cm under NPD, 273.0 cm 

under MPD and 281.7 cm under HPD in the first 

sowing date; 257.3 cm under NPD, 266.5 cm 

under MPD, and 271.1 cm under HPD in the 

second sowing date. This result is consistent 

with others maize researchers (Ali, 2009; Al-

Naggar et al., 2015; Abakemal et al., 2016; 

Assefa et al., 2018; Sultan et al., 2018; Abdel-

Moneam et al., 2020). 

Ear Length and Ear Diameter  

In the first sowing date, as compared to the 

NPD level, there is a small increase in ear length 

(EL) for the majority of hybrids under high 

planting densities (HPD) by 0.03%. Whereas, 

under MPD there  was a  -0.3%  reduction. Also,  
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Table 2. Mean performance of 36 single hybrids and 4 checks for days to 50% tasseling and plant 

height under three different planting densities in two sowing dates 

Trait Days to 50% tasseling (days) Plant height (cm)   

Environments 

1
st
 Sowing date 
(April 10) 

2
nd

 Sowing date 
(May 28) 

C
o

m
b

. 1
st
 Sowing date 
(April 10) 

2
nd

 Sowing date 
(May 28) 

C
o

m
b

. 

HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

Genotypes E1 E2 E3 E4 E5 E6 E1 E2 E3 E4 E5 E6 

L1 × L2 61.7 60.7 59.2 58.0 58.0 57.0 59.2 297.0 286.0 278.3 285.3 278.5 274.3 283.3 

L1 × L3 60.7 60.0 59.2 57.7 58.0 58.0 59.2 281.3 281.0 278.7 283.7 272.7 264.6 276.9 

L1 × L4 59.3 59.0 57.9 55.7 57.0 56.7 57.9 281.0 272.3 271.3 286.3 265.7 262.0 273.1 

L1 × L5 59.3 60.3 58.4 56.3 58.0 57.0 58.4 283.7 273.3 272.3 271.3 268.7 261.4 271.8 

L1 × L6 59.3 60.3 58.3 56.0 57.7 56.7 58.3 273.3 281.7 273.0 282.0 269.7 258.5 273.0 

L1 × L7 60.0 60.3 59.0 56.7 58.7 58.0 59.0 274.0 272.7 277.0 276.0 251.7 254.2 267.6 

L1 × L8 58.0 60.0 57.7 55.0 57.7 56.3 57.7 285.7 282.0 275.7 280.0 267.0 262.1 275.4 

L1 × L9 60.0 61.7 59.7 57.0 60.0 59.0 59.7 284.0 273.0 263.7 275.0 263.3 255.1 269.0 

L2 × L3 61.7 60.7 59.7 58.3 58.3 58.3 59.7 272.3 251.7 264.3 256.0 254.3 246.9 257.4 

L2 × L4 63.0 61.0 60.6 59.7 60.0 59.0 60.6 303.3 285.0 288.3 290.0 280.0 275.4 286.9 

L2 × L5 61.3 61.7 60.1 58.3 60.0 58.3 60.1 298.0 280.7 274.3 276.3 281.7 267.4 279.7 

L2 × L6 60.3 62.0 59.8 58.3 60.0 57.7 59.8 279.7 279.7 281.7 282.0 280.3 265.6 278.2 

L2 × L7 62.3 62.3 61.2 59.3 60.7 60.0 61.2 288.7 279.7 281.0 281.0 279.7 265.6 279.3 

L2 × L8 61.3 61.0 59.9 59.0 59.3 58.0 59.9 276.3 274.0 276.3 279.0 272.7 260.1 273.1 

L2 × L9 62.7 63.3 61.7 59.7 61.3 61.0 61.7 292.3 279.0 268.1 280.0 276.0 266.7 277.0 

L3 × L4 59.7 59.7 58.7 57.0 57.3 58.0 58.7 295.7 274.0 264.3 272.7 263.0 259.3 271.5 

L3 × L5 60.3 60.3 59.3 57.7 59.3 57.7 59.3 284.3 275.3 268.0 266.3 280.3 259.1 272.2 

L3 × L6 60.7 61.0 59.7 58.3 59.3 58.0 59.7 282.0 273.7 276.7 270.7 259.7 258.9 270.2 

L3 × L7 61.0 62.7 60.3 58.3 61.0 58.0 60.3 276.0 257.0 247.7 254.0 262.0 241.5 256.3 

L3 × L8 60.7 60.3 59.1 58.0 58.3 57.0 59.1 262.3 262.3 271.0 251.3 259.0 245.4 258.6 

L3 × L9 63.7 61.3 61.2 61.0 60.3 59.3 61.2 252.3 254.7 229.0 236.7 245.7 228.4 241.1 

L4 × L5 59.7 60.0 58.4 57.0 58.0 56.7 58.4 293.7 275.7 256.0 270.3 274.3 259.6 271.6 

L4 × L6 61.3 60.0 59.0 57.0 57.3 57.7 59.0 284.3 282.3 277.7 275.0 260.7 261.1 273.4 

L4 × L7 61.3 59.7 59.1 57.7 57.7 57.7 59.1 296.0 276.0 276.0 267.0 264.7 261.4 273.5 

L4 × L8 60.0 59.7 58.3 56.7 57.7 56.7 58.3 274.7 270.0 263.0 259.3 249.3 248.5 260.8 

L4 × L9 60.3 61.0 59.7 58.0 59.7 58.3 59.7 279.0 272.3 261.0 268.7 274.3 254.3 268.3 

L5 × L6 58.3 60.0 57.6 55.0 58.0 55.7 57.6 283.0 261.7 269.0 265.0 267.0 252.1 266.0 

L5 × L7 60.0 60.3 58.7 57.0 58.3 57.0 58.7 278.0 264.3 258.3 248.0 263.3 247.9 259.9 

L5 × L8 60.3 59.3 58.2 57.0 57.3 56.7 58.2 269.3 265.3 250.0 262.0 262.0 248.9 259.6 

L5 × L9 60.3 60.3 59.1 57.0 58.3 58.3 59.1 281.7 269.3 258.0 261.7 272.0 253.8 266.0 

L6 × L7 59.3 60.3 57.9 56.0 57.3 55.7 57.9 266.0 257.3 250.7 252.3 253.3 241.7 253.6 

L6 × L8 58.7 60.0 58.0 55.7 57.0 57.0 58.0 260.0 261.7 259.0 256.3 255.7 241.8 255.7 

L6 × L9 61.3 60.3 59.7 58.3 59.0 58.3 59.7 268.0 253.0 257.3 255.0 255.7 242.4 255.2 

L7 × L8 60.3 60.3 59.3 57.7 59.0 58.3 59.3 265.7 265.7 259.0 257.7 234.7 239.1 253.6 

L7 × L9 63.3 61.7 62.3 61.7 62.3 61.7 62.3 222.0 231.7 222.7 228.0 224.7 208.2 222.9 

L8 × L9 60.3 60.3 59.6 58.7 58.3 59.0 59.6 314.7 296.3 305.0 305.4 287.1 288.8 299.7 

Checks    
   

  
       

SC 176 62.3 62.7 60.3 59.0 60.3 58.0 60.3 306.3 283.3 281.7 291.0 283.3 274.9 286.4 
SC Pioneer 32 D99 60.3 60.3 58.7 57.3 57.7 56.7 58.7 288.0 285.0 284.7 291.7 274.0 269.1 281.9 

Fine 276 63.3 63.0 61.9 60.3 61.0 60.3 61.9 303.7 300.7 303.0 294.8 290.4 286.7 296.4 

Fine 354 65.3 65.0 63.8 62.3 63.0 62.3 63.8 312.3 301.0 301.0 300.7 281.7 283.7 296.6 

Means 60.8 60.9 59.5 57.9 58.9 58.0 59.5 281.7 273.0 269.3 271.1 266.5 257.4 269.8 

Increase% 0.54 0.56   -0.27 1.58     4.67 1.43   5.37 3.57     
L.S.D. 0.05 (G) 1.05 1.13 0.57 1.34 1.63 1.85 0.57 2.64 11.38 2.45 1.82 1.06 2.06 2.06 

L.S.D. 0.05 Sowing (S) = 0.13  L.S.D. 0.05 G x S = 0.8    L.S.D. 0.05 Sowing (S) = 0.14  L.S.D. 0.05 G x S = 2.91  
L.S.D. 0.05 S x D = 0.22  L.S.D. 0.05 G x D = 0.98    L.S.D. 0.05 S x D = 0.23  L.S.D. 0.05 G x D = 3.56  

L.S.D. 0.05 Den. (D) = 0.16  L.S.D. 0.05 G x S x D = 1.39   L.S.D. 0.05 Den. (D) = 0.17  L.S.D. 0.05 G x S x D = 5.03  

HPD: high planting density (40,000 plant/fed.); MPD: medium planting density (32,000 plant/fed.); NPD: normal planting 

density (24,000 plant/fed.). 
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on the second sowing date, a -0.75% reduction 

under HPD, and -1.85% under MPD. Mean ear 

length of F1 crosses ranged in the 1
st
 SD from 

17.0 to 21.1 cm under HPD, from 17.0 to 21.8 

cm under MPD and from 17.3 to 21.8 cm under 

NPD. While it was ranged in the 2
nd

 SD from 

16.3 to 20.9 cm under HPD, from 15.8 to 21.3 

cm under MPD and from 16.3 to 21.3 cm under 

NPD (Table 3).  

Maize hybrids G39 (Fine 276), G33 (L6 × 

L9), and G36 (L8 × L9) had the longest ears. 

Conversely, the hybrids G1 (L1 × L2) and G5 

(L1 × L6) had the shortest ears. For the first 

sowing date, the general mean of EL was 19.3 

under NPD, 19.2 under MPD and 19.3 cm under 

HPD, but it was 19.2 under NPD, 18.8 MPD, 

and 19 cm under HPD in the late sowing date. 

This result is consistent with others maize 

scientists (Ali, 2009; Al-Naggar et al., 2015; 

Sedhom et al., 2016; Abdel-Moneam et al., 2020; 

Ajayo et al., 2021; Rabbani and Safdary, 2021). 

The results in Table 3 showed that three 

planting densities had non-significant differences 

on ear diameter in the 1
st
 and 2

nd
 sowing dates. 

Also, interaction between genotypes × plant 

density was insignificant. While the late sowing 

date produced less ear diameter of most crosses. 

The mean for ear diameter of F1 crosses ranged 

in the 1
st
 SD from 4.1 to 5.3 cm under HPD, 

from 4.0 to 5.2 cm under MPD, and from 4.1 to 

5.2 cm under NPD for (L7 × L9) and (L1 × L6), 

respectively. While it was ranged in the 2
nd

 SD 

from 3.9 to 5.1 cm under HPD, from 4.1 to 5.1 

cm under MPD, and from 4.1 to 5.2 cm under 

NPD for (L7 × L9) and (L1 × L6), respectively.  

The maize hybrids G5 (L1 × L6), G12 (L2 × 

L6), and G18 (L3 × L6) had the maximum ear 

diameter values across three plant densities and 

two sowing dates. Nevertheless, the hybrids G35 

(L7 × L9), G34 (L7 × L8), and G28 (L5 × L7) 

had the lowest diameter under six different 

conditions. This result is in the line with others 

academics (Ali, 2009; Ali, 2016; El-Refaey et 

al., 2017; Assefa et al., 2018). 

Number of Rows Per Ear and Number of 

Kernels Per Plant 

As showen in Table (4), number of rows per 

ear (NRPE) showed that HPD and MPD caused 

a reduction by 4.63% and 2.86% in the 1
st
 SD 

and 0.0% and 2.83% in the 2
nd

 SD, respectively, 

indicating plant density and sowing dates 

showed significant differences for this trait, 

while GxPD and G x SD x PD interactions were 

insignificant. The maize hybrids G25 (L4 × L8) 

and G20 (L3 × L8), and checks G39 (Fine 276) 

and G38 (SC Pioneer 32D99) had the highest 

number of rows per ear across two sowing dates. 

In contrast, the hybrids G35 (L7 × L9), G31 (L6 

× L7), and G11 (L2 × L5) had the minimum 

numbers across six environments. Mean NRPE 

of F1 crosses ranged in the 1
st
 SD from 12.5 to 

16.0 under HPD, from 13.2 to 16.3 under MPD, 

and from 13.3 to 16.7 under NPD for (L7 × L9) 

and (L3 × L8), respectively. While it was ranged 

in the 2
nd

 SD from 12.2 to 15.3 under HPD, 

from 13.3 to 15.5 under MPD, and from 12.3 to 

16.3 under NPD.  

For the first SD, the general mean of NRPE 

was 14.9 under NPD to 14.5 under MPD and 

14.2 under HPD, and it was 14.5 (NPD), 14.4 

(MPD) and 14.1 (HPD) in the second SD. This 

result is consistent with others maize researchers 

(Al-Naggar et al., 2015; Ali, 2016; Sedhom et 

al., 2016; Abdel-Moneam et al., 2020; Rabbani 

and Safdary, 2021). 

In terms of number of kernels per row 

(NKPR), the maize hybrids G39 (Fine 276), G36 

(L8 × L9), G12 (L2 × L6), and G33 (L6 × L9) 

had the highest number of KPR across two 

sowing dates. In contrast, the hybrids G21 (L3 × 

L9), G35 (L7 × L9), and G5 (L1 × L6) had the 

least numbers across six environments (Table 4). 

The mean number of kernels per row of F1 

crosses ranged in the 1
st
 SD from 33.5 to 42.1 

under HPD, from 36.6 to 44.7 under MPD, and 

from 37.7 to 45.9 under NPD for G35 (L7 × L9) 

and G36 (L8×L9), respectively. Although it was 

ranged in the 2
nd

 SD from 31.7 to 39.8 under 

HPD, from 36.7 to 41.1 under MPD and from 

36.3 to 42.5 under NPD for G35 (L7 × L9) and 

G36 (L8 × L9), respectively.  

Similarly to NRPE, the number of kernels 

per row (NKPR) was decreased by 8.96% under 

HPD, and 4.26% under MPD in the 1
st
 SD, and 

10.44% under HPD and 4.26% under MPD in 

the 2
nd

 SD. Similar results were stated by maize 

scientists (Ali, 2009; Sedhom et al., 2016; El-

Refaey et al., 2017; Abdel-Moneam et al., 

2020; Efendi et al., 2020; Ajayo et al., 2021). 
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Table 3. Mean performance of 36 single hybrids and 4 checks for ear length and ear diameter 

under three different planting densities in two sowing dates 

Trait Ear length (cm)   Ear diameter (cm)   

Environments 

1st Sowing date  

(April 10) 

2nd Sowing date 

(May 28) 

C
o

m
b

. 1st Sowing date 

(April 10) 

2nd Sowing date 

(May 28) 

C
o

m
b

. 

HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

Genotypes E1 E2 E3 E4 E5 E6 E1 E2 E3 E4 E5 E6 

L1 × L2 17.0 17.1 17.3 16.7 17.1 16.5 17.0 4.9 4.7 4.7 4.9 4.8 4.8 4.8 

L1 × L3 18.7 19.0 19.0 18.7 18.0 18.2 18.6 4.9 4.8 4.8 4.7 4.8 4.8 4.8 

L1 × L4 19.5 19.7 20.0 19.2 18.5 19.0 19.3 4.8 4.9 4.7 4.7 4.6 4.8 4.7 

L1 × L5 17.7 18.3 18.0 17.1 17.2 17.5 17.6 4.7 4.8 4.7 4.7 4.7 4.6 4.7 

L1 × L6 18.5 17.0 18.0 17.3 15.8 16.3 17.2 5.3 5.2 5.2 5.1 5.1 5.2 5.2 

L1 × L7 18.7 19.7 19.0 19.0 18.9 19.7 19.1 4.7 4.7 4.6 4.5 4.5 4.6 4.6 

L1 × L8 20.0 19.7 19.8 20.2 19.2 20.0 19.8 4.7 4.7 4.7 4.8 4.7 4.8 4.7 

L1 × L9 20.3 19.0 19.7 19.7 18.5 19.3 19.4 5.0 4.8 4.8 4.9 4.8 5.0 4.9 

L2 × L3 18.3 18.7 17.7 18.2 18.2 17.7 18.1 4.9 4.7 4.7 4.8 4.8 4.8 4.8 

L2 × L4 19.4 19.0 19.0 19.7 18.6 19.0 19.1 5.1 4.8 4.7 4.8 4.7 4.8 4.8 

L2 × L5 17.9 18.0 17.3 18.3 17.8 18.1 17.9 4.7 4.5 4.5 4.5 4.6 4.4 4.5 

L2 × L6 18.1 18.5 17.9 17.2 16.9 16.8 17.6 5.1 5.1 5.0 5.0 4.9 5.0 5.0 

L2 × L7 19.8 19.3 20.0 19.0 19.0 19.0 19.4 4.7 4.5 4.7 4.4 4.5 4.2 4.5 

L2 × L8 18.4 18.5 18.0 18.3 18.3 18.3 18.3 4.7 4.5 4.7 4.3 4.5 4.2 4.5 

L2 × L9 20.7 19.4 20.0 19.3 20.0 19.5 19.8 4.9 4.6 4.7 4.9 4.9 5.0 4.8 

L3 × L4 20.5 20.9 18.8 20.0 19.3 19.5 19.8 4.7 4.6 4.5 4.5 4.4 4.8 4.6 

L3 × L5 17.7 18.4 18.0 18.1 18.5 18.2 18.2 4.8 4.7 4.6 4.6 4.7 4.8 4.7 

L3 × L6 19.9 19.3 20.5 19.3 19.3 18.7 19.5 4.9 4.8 4.9 4.9 5.1 5.2 5.0 

L3 × L7 19.0 19.1 18.3 19.0 18.3 19.0 18.8 4.5 4.5 4.4 4.4 4.4 4.6 4.5 

L3 × L8 18.3 18.9 18.0 18.7 17.7 18.5 18.4 4.7 5.0 4.7 4.5 4.5 4.8 4.7 

L3 × L9 19.0 18.7 18.3 18.5 17.9 18.2 18.4 4.4 4.5 4.5 4.5 4.5 4.8 4.5 

L4 × L5 19.5 20.2 20.3 20.0 18.9 19.0 19.7 4.4 4.5 4.3 4.5 4.3 4.4 4.4 

L4 × L6 19.7 20.5 20.3 19.3 18.5 19.5 19.6 4.9 4.9 4.8 4.9 4.7 5.0 4.9 

L4 × L7 19.9 20.2 20.0 20.7 20.5 21.3 20.4 4.6 4.5 4.7 4.5 4.5 4.4 4.5 

L4 × L8 18.7 19.5 20.0 20.3 19.0 18.7 19.4 4.3 4.6 4.7 4.5 4.4 4.6 4.5 

L4 × L9 20.1 20.7 20.3 20.9 20.7 21.1 20.6 4.7 4.5 4.5 4.6 4.5 4.4 4.5 

L5 × L6 19.7 18.7 19.3 18.2 19.0 18.9 19.0 4.7 4.7 4.8 4.5 4.6 4.4 4.6 

L5 × L7 19.7 19.0 19.7 20.3 20.3 19.8 19.8 4.5 4.4 4.4 4.4 4.2 4.2 4.3 

L5 × L8 18.6 18.5 18.7 18.7 18.3 18.3 18.5 4.5 4.5 4.5 4.3 4.3 4.2 4.4 

L5 × L9 19.4 19.3 20.0 20.2 19.5 20.5 19.8 4.3 4.4 4.5 4.5 4.4 4.6 4.5 

L6 × L7 19.5 20.0 21.0 20.0 19.7 20.8 20.2 4.5 4.5 4.7 4.6 4.5 4.6 4.6 

L6 × L8 19.1 20.3 19.7 18.8 18.5 19.7 19.4 4.9 4.9 4.8 4.6 4.8 4.6 4.8 

L6 × L9 20.9 21.8 21.8 19.0 20.2 20.7 20.7 5.0 4.9 4.9 4.6 4.9 4.6 4.8 

L7 × L8 19.7 19.1 20.0 19.1 19.3 20.2 19.6 4.5 4.4 4.3 4.3 4.1 4.4 4.3 

L7 × L9 18.3 17.3 18.0 16.3 19.7 19.2 18.1 4.1 4.0 4.1 3.9 4.4 3.8 4.1 

L8 × L9 21.1 20.2 21.0 19.9 21.3 20.8 20.7 4.8 4.5 4.6 4.5 4.5 4.4 4.5 

SC 176 
              

SC Pioneer 32D99 20.7 19.2 20.3 18.7 18.9 20.0 19.6 4.7 4.8 4.7 4.5 4.6 4.4 4.6 

Fine 276 19.8 19.7 20.0 19.1 19.1 20.3 19.7 5.0 4.9 4.8 4.9 4.9 5.0 4.9 

Fine 354 21.5 20.7 20.7 21.0 20.0 22.0 21.0 4.9 4.9 4.9 4.9 4.9 4.8 4.9 

SC 176 18.1 17.7 17.3 18.5 17.7 18.5 18.0 4.5 4.5 4.2 4.5 4.5 4.8 4.5 

Means 19.3 19.2 19.3 19.0 18.8 19.2 19.1 4.7 4.7 4.7 4.6 4.6 4.6 4.7 

Increase% 0.03 -0.3   -0.75 -1.85     1.43 0.14   -0.65 -0.65     
L.S.D. 0.05 (G) 1.29 1.26 1.02 1.27 1.47 1.42 5500 0.29 0.2 0.24 0.26 0.28 0 0.1 

L.S.D. 0.05 Sowing (S) = 0.12 L.S.D. 0.05 G x S = 0.77 L.S.D. 0.05 Sowing (S) = 0.02 L.S.D. 0.05 G x S = 0.14 

L.S.D. 0.05 S x D = 0.21 L.S.D. 0.05 G x D = 0.95 L.S.D. 0.05 S x D = 0.04 L.S.D. 0.05 G x D = 0.17 

L.S.D. 0.05 Den. (D) = 0.15 
L.S.D. 0.05 G x S x D = 

1.34 
L.S.D. 0.05 Den. (D) = 0.03 L.S.D. 0.05 G x S x D = 0.25 

HPD: high planting density (40,000 plant/fed.); MPD: medium planting density (32,000 plant/fed.); NPD: normal planting 

density (24,000 plant/fed.). 
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Table 4. Mean performance of 36 single hybrids and 4 checks for Number of rows per ear and 

Number of kernels per row under three different planting densities in two sowing dates 

Trait Number of rows per ear   Number of kernels per row   

Environments 

1st Sowing date 

(April 10) 

2nd Sowing date 

(May 28) 

C
o

m
b

. 1st Sowing date 

(April 10) 

2nd Sowing date  

(May 28) 

C
o

m
b

. 

HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

 E1 E2 E3 E4 E5 E6 E1 E2 E3 E4 E5 E6 

L1 × L2 13.1 13.3 13.9 12.9 13.5 13.7 13.4 38.1 40.5 42.5 36.5 38.1 39.9 39.3 

L1 × L3 14.3 14.9 15.3 13.7 14.5 15.2 14.7 41.3 41.1 44.5 34.0 36.0 39.9 38.7 

L1 × L4 14.3 15.3 15.3 14.4 15.5 14.9 15.0 41.0 42.3 43.9 36.5 36.8 39.7 40.0 

L1 × L5 13.3 12.9 14.4 13.1 12.9 13.7 13.4 39.8 42.8 40.2 34.8 37.1 37.7 38.7 

L1 × L6 14.4 14.7 14.1 14.1 14.9 14.5 14.5 34.7 36.7 38.4 33.2 33.1 36.6 35.5 

L1 × L7 13.6 13.5 14.3 13.7 13.1 13.5 13.6 38.9 43.0 43.6 32.2 35.9 39.1 38.8 

L1 × L8 15.5 14.9 15.5 14.4 14.8 14.8 15.0 39.8 41.3 40.6 33.7 36.5 41.7 38.9 

L1 × L9 14.3 14.8 14.3 14.5 14.8 14.8 14.6 39.2 42.3 44.2 32.1 36.5 39.9 39.0 

L2 × L3 14.4 15.2 15.1 15.1 14.9 14.3 14.8 39.1 40.4 41.1 35.5 37.9 40.8 39.1 

L2 × L4 14.0 14.8 15.3 14.7 15.2 14.9 14.8 40.1 42.3 43.1 36.6 41.1 41.9 40.8 

L2 × L5 13.6 13.6 13.5 13.1 13.3 12.3 13.2 40.7 42.0 44.7 37.6 40.2 42.3 41.3 

L2 × L6 14.0 13.5 14.7 13.6 14.4 13.6 14.0 40.1 42.2 45.1 38.5 41.5 41.1 41.4 

L2 × L7 13.3 13.6 14.8 12.5 12.9 13.1 13.4 36.7 38.1 41.3 37.6 39.7 41.3 39.1 

L2 × L8 14.0 15.1 15.7 14.0 14.0 14.5 14.6 40.4 40.6 41.5 37.8 39.3 42.1 40.3 

L2 × L9 14.4 13.9 14.9 14.0 14.1 14.1 14.3 40.7 44.1 45.8 36.5 39.9 41.3 41.3 

L3 × L4 14.9 15.3 14.5 15.3 16.0 15.1 15.2 37.1 40.2 42.3 29.7 33.2 43.1 37.6 

L3 × L5 14.7 14.8 14.9 14.9 14.4 15.3 14.8 34.1 36.6 41.3 36.4 36.4 38.4 37.2 

L3 × L6 14.4 14.5 15.5 15.6 15.2 16.1 15.2 37.3 40.4 42.6 33.2 36.3 40.5 38.4 

L3 × L7 13.6 14.0 14.8 13.7 14.1 14.7 14.2 36.7 38.0 40.9 37.1 34.7 35.7 37.2 

L3 × L8 16.0 16.3 16.7 14.7 15.2 16.3 15.9 38.3 37.6 40.7 37.0 35.8 35.5 37.5 

L3 × L9 13.9 15.5 15.2 14.0 14.4 14.5 14.6 32.8 35.1 38.8 31.8 33.1 32.6 34.1 

L4 × L5 14.0 14.4 14.7 14.8 14.0 14.7 14.4 39.4 41.0 41.6 37.7 37.9 39.5 39.5 

L4 × L6 13.9 12.8 14.1 14.7 14.3 14.8 14.1 37.7 41.0 40.8 36.0 36.7 38.7 38.5 

L4 × L7 13.7 14.9 15.3 13.7 14.3 14.5 14.4 39.9 42.6 44.4 36.7 39.5 41.6 40.8 

L4 × L8 14.8 15.5 16.1 15.5 16.1 15.6 15.6 37.7 41.3 42.9 33.8 37.5 41.5 39.1 

L4 × L9 14.8 15.1 14.9 15.2 14.4 15.3 15.0 38.9 44.0 44.7 34.5 39.2 42.1 40.6 

L5 × L6 13.9 14.0 14.4 13.3 14.1 13.9 13.9 39.7 39.9 41.5 36.4 37.3 39.7 39.1 

L5 × L7 14.4 13.7 14.7 14.1 13.6 13.3 14.0 39.5 40.4 43.2 35.4 39.7 41.9 40.0 

L5 × L8 14.9 13.9 14.7 13.3 14.9 14.0 14.3 39.5 41.2 44.9 36.8 37.4 37.7 39.6 

L5 × L9 13.2 14.0 14.5 13.6 13.6 13.7 13.8 38.7 41.0 43.5 35.5 37.8 40.4 39.5 

L6 × L7 13.1 12.9 14.0 13.2 13.5 12.9 13.3 41.2 40.0 43.0 38.1 42.7 42.5 41.3 

L6 × L8 14.0 14.9 16.4 14.0 15.3 14.5 14.9 39.2 41.4 44.8 35.9 38.2 39.5 39.8 

L6 × L9 14.1 14.4 14.9 13.7 13.9 14.0 14.2 40.9 43.4 44.4 36.8 42.1 42.4 41.7 

L7 × L8 14.3 14.9 14.5 13.9 13.3 14.1 14.2 40.3 40.7 41.6 39.3 39.9 39.6 40.3 

L7 × L9 12.5 13.2 13.3 12.2 14.1 14.0 13.2 33.5 36.6 37.7 31.7 36.7 36.3 35.4 

L8 × L9 14.1 14.9 14.7 13.3 13.3 14.4 14.2 42.1 44.7 45.9 39.8 41.1 42.5 42.7 

Checks 
              

SC 176 14.5 14.9 15.3 14.1 15.1 15.6 14.9 39.7 41.3 44.9 36.4 39.9 40.2 40.4 

SC Pioneer 32D99 15.3 15.7 15.9 15.6 16.1 16.3 15.8 41.3 42.8 45.3 34.7 40.5 39.9 40.7 

Fine 276 15.3 16.0 16.2 14.9 16.3 15.9 15.8 41.1 43.6 44.2 37.7 42.5 43.2 42.1 

Fine 354 14.8 14.9 14.0 14.0 14.4 14.0 14.4 39.4 43.3 44.0 38.9 40.4 42.3 41.4 

Means 14.2 14.5 14.9 14.1 14.4 14.5 14.4 38.9 40.9 42.8 35.8 38.2 40.1 39.4 

Increase% -4.63 -2.68   0 -2.86     -8.96 -4.26   -10.44 -4.46     

L.S.D. 0.05 (G) 0.31 1.23 1.12 0.33 1.26 1.03 0.39 1.03 2.2 3.07 2.41 3.71 2.6 1.07 

L.S.D. 0.05 Sowing (S) = 0.11  L.S.D. 0.05 G x S = 0.72  L.S.D. 0.05 Sowing (S) = 0.24  L.S.D. 0.05 G x S = 1.51 

L.S.D. 0.05 S x D = 0.2  L.S.D. 0.05 G x D = 0.89  L.S.D. 0.05 S x D = 0.41  L.S.D. 0.05 G x D = 1.85 

L.S.D. 0.05 Den. (D) = 0.14  L.S.D. 0.05 G x S x D = 1.25 L.S.D. 0.05 Den. (D) = 0.29  L.S.D. 0.05 G x S x D = 2.62 

HPD: high planting density (40,000 plant/fed.); MPD: medium planting density (32,000 plant/fed.); NPD: normal planting 

density (24,000 plant/fed.). 
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The general mean of NKPR was 42.8 under 

NPD, 40.9 under MPD and 38.9 under HPD in 

the 1
st
 SD, and it was 40.1 (NPD), 38.2 (MPD) 

and 35.8 (HPD) in the second sowing date. 

100- Kernel Weight and Grain Yield  

As for the 100-kernel weight across two sowing 

dates, it showed that HPD and MPD caused the 

reduction of 7.9%, and 5.2% in the 1
st
 SD and 

14.0 and 7.6% in the 2
nd

 SD, respectively (Table 

5). The maize hybrids G16 (L3 × L4), G5 (L1 × 

L6), G32 (L6 × L8), and G29 (L5 × L8) had the 

heaviest values for 100-kernel weight under 

three plant densities across two sowing dates. 

On the other hand, the hybrids G24 (L4 × L7), 

G25 (L4 × L8), and G1 (L1×L2) had the lightest 

grains in each of the six environments. The 

mean for 100-kernel weight of F1 crosses ranged 

in the 1
st
 SD from 26.5 to 32.7 g under HPD, 

from 28.7 to 33.7 g under MPD and from 30.7 to 

35.3 g under NPD. While it was ranged in the 

2
nd

 SD from 24.0 to 29.7 g under HPD, from 

26.0 to 31.0 g under MPD and from 28.7 to 33.2 

g under NPD.  

The general mean of 100-kernel weight was 

30.2, 31.0, and 32.7 g in 1
st
 SD and 26.8, 28.8 

and 31.2 g in 2
nd

 SD under HPD, MPD and 

NPD, respectively. The HPD and late sowing 

date were reduced 100- kernel weight than NPD 

and optimal sowing date of all maize hybrids. 

Similarly, a higher reduction in kernel weight in 

maize genotypes under higher plant density and 

late in sowing date as compared to optimal 

conditions ones was also observed earlier (Ali, 

2009; Umar et al., 2014; Al-Naggar et al., 

2015; Ali, 2016; Sultan et al., 2018; Turkey et 

al., 2018).  

Grain yield per feddan in ardab (Table 5) was 

ranged under normal planting density (NPD) 

from 16.6 (G35) to 35.89 ardab fed
-1

 (G36) with 

an average of 30.78 ardab fed
-1

 in the first 

sowing date, and from 12.31 (G38) to 30.45 

ardab fed
-1

 with an average of 24.77 ardab fed
-1

 

in the second sowing date. Under medium 

planting density (MPD), it was ranged from 

16.66 (G35) to 35.7 ardab fed
-1

 (G36) with an 

average of 31.09 ardab fed
-1

 in the first sowing 

date, and from 11.55 (G35) to 32.16 ardab fed
-1

 

(G38) with an average of 26.91 ardab fed
-1

 in the 

second sowing date. Under high plant density 

(HPD), it was ranged from 23.9 (G35) to 44.89 

ardab fed
-1

 (G36) with an average of 36.25 ardab 

fed
-1

 in the first sowing date, and from 13.41 

(G35) to 35.40 ardab fed
-1
 (G36) with an average 

of 28.44 ardab fed
-1

 in the second sowing date, 

which indicates the large variability and 

divergence among hybrids in tolerance to high 

plant density. Such wide ranges of changes 

indicate that plant breeders are able to select 

some maize crosses with high tolerance to high 

plant density stress. Interestingly, genotype G36 

(L8×L9) performed better for three plant 

densities during both sowing dates for this trait. 

The higher plant density was increased grain 

yield of most crosses under presented study, 

while the late sowing date (SD) produced less 

grain yield than early sowing date. This result is 

consistent with others maize scientists (Ali, 

2009; Al-Naggar et al., 2015; Ali, 2016; Golla 

et al., 2018; Sultan et al., 2018; Abdel-Moneam 

et al., 2020; Efendi et al., 2020).  

Maize crosses showing higher yield per 

feddan under high planting density than their 

grain yield under normal planting density, such 

as G36 (L8 × L9) and most F1 crosses in two 

sowing dates may be recommended for 

commercial use under HPD and/or for abiotic 

stress environments such as low-nitrogen and 

drought stress, as well as for breeding programs 

to improve characters related to tolerance to 

such stresses (Al-Naggar et al., 2015). HPD is 

particularly useful in augmenting selection for 

low N and drought stress tolerance (Al-Naggar 

et al., 2020; Ali, 2009). Thus several commercial 

breeders of maize in North America improved 

drought resistance by screening genotypes under 

high plant density (Gözübenl, 2010). Simultaneous 

to yield, the plant density of maize has 

significantly improved over the years in Canada, 

United States, Brazil, China, Germany, and 

other maize-producing countries (Assefa et al., 

2018). The agronomic optimum planting density 

(AOPD) ranged from 75,000 plants/ha for the 

initial lustrum (1987–1991) and 93, 000 plants/ 

ha for the final period (2012–2016), with grain 

yields moving from 9.3 to 12.7 ton/ha, 

respectively (Assefa et al., 2018).  
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Table 5. Mean performance for 36 single hybrids and 4 checks for 100-kernel weight and grain 

yield under three different planting densities in two sowing dates 

Trait 100-kernel weight   Grain yield (ardab fed-1)   

Environments 

1st Sowing date 

 (April 10) 

2nd Sowing date  

(May 28) 

C
o

m
b

. 1st Sowing date  

(April 10) 

2nd Sowing date  

(May 28) 

C
o

m
b

. 

HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

Genotypes E1 E2 E3 E4 E5 E6 E1 E2 E3 E4 E5 E6 

L1 × L2 26.5 29.0 30.7 26.0 30.3 31.4 29.0 32.14 29.75 26.77 25.77 26.96 24.58 27.66 

L1 × L3 29.4 33.7 33.9 28.0 28.0 32.0 30.8 42.08 35.39 31.84 32.39 29.72 24.46 32.65 

L1 × L4 28.0 31.0 33.0 25.7 30.7 32.0 30.1 35.14 30.81 30.55 27.66 25.38 26.39 29.32 

L1 × L5 30.4 31.7 32.3 27.7 30.3 31.7 30.5 34.35 29.76 29.46 29.50 27.06 25.92 29.34 

L1 × L6 32.1 32.3 33.7 27.7 29.0 32.3 31.2 36.73 29.24 29.71 25.55 23.83 23.48 28.09 

L1 × L7 32.0 31.7 32.3 25.7 28.0 30.7 30.1 35.60 31.36 32.43 26.17 28.38 24.19 29.69 

L1 × L8 30.3 30.0 31.7 29.3 28.4 31.1 30.2 38.37 34.05 31.39 33.03 30.08 28.98 32.65 

L1 × L9 32.7 29.0 32.3 26.0 28.3 33.0 30.2 36.80 27.91 30.74 30.11 23.85 23.40 28.80 

L2 × L3 31.0 30.7 32.5 28.7 30.0 32.4 30.9 38.25 32.50 30.56 30.74 29.16 27.13 31.39 

L2 × L4 29.7 30.0 32.3 24.0 30.0 30.3 29.4 36.20 34.60 34.94 31.31 25.36 25.85 31.38 

L2 × L5 30.3 31.5 34.2 25.0 28.7 31.3 30.7 35.79 25.90 28.34 25.71 24.48 23.75 27.33 

L2 × L6 30.7 32.0 31.7 25.0 29.0 29.3 29.6 34.84 31.31 31.42 24.04 25.67 24.05 28.56 

L2 × L7 29.0 31.0 34.7 26.3 27.4 33.1 30.2 34.77 28.70 28.15 24.63 26.07 21.88 27.37 

L2 × L8 29.4 31.7 31.7 25.0 27.3 30.3 29.2 36.76 31.81 34.48 29.13 25.43 23.93 30.26 

L2 × L9 28.4 32.7 31.5 26.7 29.1 33.2 30.3 37.57 31.20 33.58 28.58 26.32 22.05 29.88 

L3 × L4 32.3 34.0 34.7 29.7 28.3 32.3 31.9 42.29 32.39 29.07 35.17 31.32 24.69 32.49 

L3 × L5 30.2 30.0 31.7 27.3 29.3 31.3 29.9 36.90 33.73 33.90 33.16 30.89 25.48 32.34 

L3 × L6 32.0 28.3 32.3 25.3 26.0 30.7 29.1 36.12 30.67 32.52 29.92 29.22 24.91 30.56 

L3 × L7 27.1 29.3 33.1 26.7 29.3 31.3 29.5 32.46 27.36 25.66 28.38 24.52 23.38 26.96 

L3 × L8 29.7 31.0 32.0 28.0 28.3 31.4 29.9 40.50 34.27 30.79 32.30 29.41 27.75 32.50 

L3 × L9 31.0 33.0 33.4 26.7 28.0 29.3 30.2 29.06 27.92 24.49 24.86 21.51 20.63 24.75 

L4 × L5 31.0 32.3 33.3 25.3 28.7 29.3 30.0 32.13 29.41 28.49 28.20 26.00 24.98 28.20 

L4 × L6 32.3 31.7 33.3 27.0 26.0 32.7 30.5 36.19 32.19 31.10 25.97 25.83 26.40 29.61 

L4 × L7 29.0 29.3 33.3 26.0 25.3 29.3 28.7 35.26 31.51 30.41 32.13 29.64 27.26 31.03 

L4 × L8 28.3 28.7 32.0 25.3 28.3 30.0 28.8 36.77 32.58 34.40 29.45 26.32 22.49 30.33 

L4 × L9 29.3 30.7 32.0 26.3 30.0 28.7 29.5 37.16 30.88 31.59 27.90 26.77 27.68 30.33 

L5 × L6 30.3 31.3 32.0 26.7 28.7 31.7 30.1 32.61 26.77 26.94 22.41 24.49 22.76 26.00 

L5 × L7 29.7 31.0 31.0 25.3 29.7 29.3 29.4 31.87 30.03 28.16 28.93 27.58 24.73 28.55 

L5 × L8 32.0 30.7 32.7 29.7 30.0 30.7 30.8 37.88 33.65 31.50 33.20 29.77 26.21 32.03 

L5 × L9 31.3 31.0 33.0 27.7 27.7 30.7 30.2 31.63 28.80 28.43 27.83 26.11 25.90 28.12 

L6 × L7 28.3 30.0 32.7 26.3 28.7 30.3 29.4 38.70 31.09 30.63 25.27 29.12 23.51 29.72 

L6 × L8 29.3 31.3 35.3 27.7 31.0 32.4 31.2 36.06 30.78 30.89 22.51 25.37 25.26 28.48 

L6 × L9 29.3 30.0 32.0 25.3 31.0 31.3 29.8 34.37 35.11 31.78 21.73 27.24 21.16 28.57 

L7 × L8 30.3 32.3 34.3 26.3 27.4 30.0 30.1 35.65 31.84 31.94 27.72 25.01 22.94 29.18 

L7 × L9 29.3 30.0 33.0 27.3 27.0 29.7 29.4 23.90 16.66 16.60 13.41 11.55 12.31 15.74 

L8 × L9 32.7 33.0 33.0 26.7 29.3 31.1 30.9 44.89 35.70 35.89 35.40 32.14 26.77 35.13 

Checks 
              

SC 176 32.3 30.3 31.0 28.0 30.3 33.2 30.9 40.58 32.69 34.21 30.94 29.16 26.73 32.38 
SC Pioneer 32D99 30.0 29.7 34.1 28.7 30.0 33.0 30.9 43.49 35.18 36.82 33.00 32.16 30.45 35.18 

Fine 276 30.3 31.4 33.2 28.7 28.3 31.7 30.6 40.91 34.93 35.88 33.35 31.27 29.87 34.37 

Fine 354 29.3 31.3 33.0 26.0 31.0 31.7 30.4 37.07 33.15 34.67 30.02 26.41 26.53 31.31 

Means 30.2 31.0 32.7 26.8 28.8 31.2 30.1 36.25 31.09 30.78 28.44 26.91 24.77 29.71 

Increase% -7.9 -5.2   -14 -7.6     17.77 1.01   14.8 8.65     
L.S.D. 0.05 (G) 2.9 2.5 3.2 1.9 1.7 1.4 1 5.59 3.24 2.41 2.89 3.1 3.53 1.57 

L.S.D. 0.05 Sowing (S) = 0.21  L.S.D. 0.05 G x S = 1.34 
 

 L.S.D. 0.05 Sowing (S) = 

0.35 
 L.S.D. 0.05 G x S = 2.22 

L.S.D. 0.05 S x D = 0.37  L.S.D. 0.05 G x D = 1.65 
 

 L.S.D. 0.05 S x D = 0.61  L.S.D. 0.05 G x D = 2.72 

L.S.D. 0.05 Den. (D) = 0.26  L.S.D. 0.05 G x S x D = 2.33   L.S.D. 0.05 Den. (D) = 0.43  L.S.D. 0.05 G x S x D = 3.84 

HPD: high planting density (40,000 plant/fed.); MPD: medium planting density (32,000 plant/fed.); NPD: normal planting 

density (24,000 plant/fed.). 
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Heterosis  

Tables 5, 6, 7 and 8 shows standard heterosis 

values over check variety Pioneer 32D99 for 

earliness character and yield attributes of diallel 

fashion (8×8) in yellow maize genotypes across 

six environments. The percent of heterosis in F1 

hybrids varied from cross to cross or from 

character to character. 

Days to 50% Tasseling and Plant Height  

The earliness of flowering of the maize 
hybrid is determined by days to tasseling and 
silking, negative heterosis is desired for these 
characters and plant height. Results in Table 6 
showed that cross (L5 × L6) had negative and 
significant standard heterosis for days to 50% 
tasseling under HPD and NPD in both sowing 
dates. Furthermore, crosses (L1 × L4), (L1 × 
L8), (L6 × L7) and (L4 × L8) gave negative 
values and significant heterosis under some 
environments for this trait. Only 3, 1 and 4 
hybrids in the 1

st 
SD and 4, 0, and 2 out of 36 

hybrids showed negative and significant 
heterosis under HPD, MPD, and NPD, 
respectively for days to 50% tasseling. These 
results are in a good agreement with those 
obtained by Beck et al. (1990), Ali (2009), 

Abakemal et al. (2016), Ali (2016) and Abdel-
Moneam et al. (2020).  

For plant height, the results showed crosses 

(L3×L8), (L3×L9), (L5×L8), (L6×L7), (L6×L8), 

(L6 × L9), (L7 × L9) and (L8×L9) had negative 

and significant desirable standard heterosis 

under all environments in both sowing dates, 

also crosses (L1×L7), (L1×L9), (L3× L4), (L3× 

L6), (L4×L6), (L4×L8), (L5×L7) and (L7×L8) 

showed negative and significant heterosis under 

all environments except HPD in the 2
nd 

SD, 

Furthermore, in some environments, the majority 

of crosses resulted in negative values and 

significant heterosis for this trait, 29, 34 and 34 

out of 36 crosses in the 1
st
 SD and 35, 36 and 36 

out of 36 crosses in the 2
nd

 SD exhibited 

negative and significant heterosis. These results 

are in a good agreement with those obtained by 

Ali (2009); Ali (2016); Sedhom et al. (2016) 

Ear Length and Ear Diameter 

For ear length (Table 7), heterosis values over 

check variety Pioneer 32D99 were positive and 

significant only in crosses (L3 × L4) under HPD 

in the 1
st
 SD; (L6 × L9) under MPD in the 1

st
 SD 

and NPD in two SD; (L4 × L7) and (L4 × L9) 

under three planting densities in the 2
nd

 SD; and 

(L8 × L9) under HPD in the 1
st
 SD and under 

MPD and NPD in the 2
nd

 SD. Similarly, cross 

(L1 × L6) showed positive and significant 

standard heterosis for ear diameter under HPD 

in two SDs and NPD in 2
nd

 SD, as well as cross 

(L4 × L6) under NPD in 2
nd

 SD. These results 

are in a good agreement with those obtained by 

Ali (2009) and Ali, (2016). 

Number of Rows Per Ear and Number of 

Rows Per Ear 

Heterosis values over check variety Pioneer 
32D99 for number of rows per ear (Table 8) 
exhibited positive and significant estimates in 
cross (L3 × L8) under HPD and MPD in the 1

st
 

SD and NPD in two sowing dates; (L4 × L8) 
under NPD in two sowing date and MPD in the 
2

nd
 SD; (L3 × L6) and (L6 × L8) under NPD in 

the 2
nd

 and 1
St

 SD, respectively; and (L3 × L4) 
under MPD in the 2

nd
 SD.  

For number of kernels per row, 0, 11, and 21 

crosses in 1
st
 SD and 15, 23, and 32 out of 36 F1 

crosses had positive and significant heterosis 

(Table 8) for this trait under HPD, MPD and 

NPD, respectively. Crosses L2 × L6, L2 × L9, 

L4 × L7, L6 × L9, and L8 × L9 had positive and 

significant heterosis under all environments. 

These results are in a good agreement with those 

obtained by Ali (2003,2009), Alamerew and 

Warsi (2015), Ali (2016) and Sedhom et al. 2016). 

100- Kernel weight and grain yield  

No positive and significant heterosis values 

were recorded under HPD in both sowing dates 

for 100- kernel weight except cross (L8 × L9) in 

1
st
 SD, while under MPD and NPD 5 and 17 

crosses in the 1
st
 SD and 5 and 27 crosses in the 

2
nd

 SD showed positive and significant heterosis 

(Table 9). Cross (L8 × L9) showed positive and 

significant heterosis under all environments in 

the 1
st
 SD and NPD in the 2

nd
 SD. 

Standard heterosis values ranged from -

65.02** to 7.28 for grain yield (ardab fed
-1

) over 

check variety Pioneer 32D99 (Table 9), all 

studied hybrids had negative values and 

significant heterosis under six environments 

except cross (L8 × L9) exhibited positive values 

under HPD for this trait. Similar findings were  
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Table 6. Heterosis effects for days to 50% tasseling and plant height under planting densities in 

two sowing dates over check variety Pioneer 32D99 

Trait Days to 50% tasseling (days) Plant height (cm) 

 
1st Sowing date  

(the 10th of April) 

2nd Sowing date 

(the 28th of May) 

1st Sowing date  

(the 10th of April) 

2nd Sowing date  

(the 28th of May) 

Crosses HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

L1 × L2 2.21* 0.55 -1.10 1.16 1.16 -0.58 3.13** -0.69 -3.36** -2.17** -4.46** -5.94** 

L1 × L3 0.55 -0.55 0.55 0.58 1.16 1.16 -2.31** -2.43** -3.24** -2.74** -6.51** -9.37** 

L1 × L4 -1.66 -2.21* -1.10 -2.91* -0.58 -1.16 -2.43** -5.44** -5.79** -1.83** -8.91** -10.17** 

L1 × L5 -1.66 0.00 -1.10 -1.74 1.16 -0.58 -1.50** -5.09** -5.44** -6.97** -7.89** -10.40** 

L1 × L6 -1.66 0.00 -1.10 -2.33 0.58 -1.16 -5.09** -2.20** -5.21** -3.31** -7.54** -11.43** 

L1 × L7 -0.55 0.00 0.00 -1.16 2.33 1.16 -4.86** -5.32** -3.82** -5.37** -13.71** -12.80** 

L1 × L8 -3.87** -0.55 -1.66 -4.07** 0.58 -1.74 -0.81 -2.08** -4.28** -4.00** -8.46** -10.17** 

L1 × L9 -0.55 2.21* 0.55 -0.58 4.65** 2.91* -1.39** -5.21** -8.45** -5.71** -9.71** -12.57** 

L2 × L3 2.21* 0.55 0.55 1.74 1.74 1.74 -5.44** -12.62** -8.22** -12.46** -12.80** -15.54** 

L2 × L4 4.42** 1.10 1.10 4.07** 4.65** 2.91* 5.32** -1.04* 0.12 -0.57* -4.00** -5.71** 

L2 × L5 1.66 2.21* 1.10 1.74 4.65** 1.74 3.47** -2.55** -4.86** -5.26** -3.43** -8.34** 

L2 × L6 0.00 2.76** 0.55 1.74 4.65** 0.58 -2.89** -2.89** -2.20** -3.31** -3.89** -8.91** 

L2 × L7 3.31** 3.31** 3.31** 3.49** 5.81** 4.65** 0.23 -2.89** -2.43** -3.66** -4.11** -8.91** 

L2 × L8 1.66 1.10 0.55 2.91* 3.49** 1.16 -4.05** -4.86** -4.05** -4.46** -6.51** -10.74** 

L2 × L9 3.87** 4.97** 2.76** 4.07** 6.98** 6.40** 1.50** -3.13** -6.94** -4.00** -5.37** -8.57** 

L3 × L4 -1.10 -1.10 0.00 -0.58 0.00 1.16 2.66** -4.86** -8.22** -6.51** -9.83** -11.09** 

L3 × L5 0.00 0.00 0.00 0.58 3.49** 0.58 -1.27** -4.40** -7.18** -8.69** -3.89** -11.09** 

L3 × L6 0.55 1.10 1.10 1.74 3.49** 1.16 -2.08** -4.98** -4.17** -7.20** -10.97** -11.09** 

L3 × L7 1.10 3.87** 1.10 1.74 6.40** 1.16 -4.17** -10.76** -14.00** -12.91** -10.17** -17.26** 

L3 × L8 0.55 0.00 -0.55 1.16 1.74 -0.58 -8.91** -8.91** -5.90** -13.83** -11.20** -15.89** 

L3 × L9 5.52** 1.66 2.21* 6.40** 5.23** 3.49** -12.38** -11.57** -20.37** -18.86** -15.77** -21.83** 

L4 × L5 -1.10 -0.55 -2.21* -0.58 1.16 -1.16 1.97** -4.28** -11.11** -7.31** -5.94** -11.09** 

L4 × L6 1.66 -0.55 0.55 -0.58 0.00 0.58 -1.27** -1.97** -3.82** -5.71** -10.63** -10.51** 

L4 × L7 1.66 -1.10 0.00 0.58 0.58 0.58 2.78** -4.17** -4.17** -8.46** -9.26** -10.40** 

L4 × L8 -0.55 -1.10 -1.66 -1.16 0.58 -1.16 -4.63** -6.25** -8.68** -11.09** -14.51** -14.86*** 

L4 × L9 0.00 1.10 1.10 1.16 4.07** 1.74 -3.13** -5.44** -9.38** -7.89** -5.94** -12.80** 

L5 × L6 -3.31** -0.55 -2.76** -4.07** 1.16 -2.91* -1.74** -9.14** -7.29** -9.14** -8.46** -13.49** 

L5 × L7 -0.55 0.00 -1.10 -0.58 1.74 -0.58 -3.47** -8.22** -10.30** -14.97** -9.71** -15.09** 

L5 × L8 0.00 -1.66 -2.76** -0.58 0.00 -1.16 -6.48** -7.87** -13.19** -10.17** -10.17** -14.74** 

L5 × L9 0.00 0.00 -0.55 -0.58 1.74 1.74 -2.20** -6.48** -10.42** -10.29** -6.74** -13.14** 

L6 × L7 -1.66 0.00 -2.76** -2.33 0.00 -2.91* -7.64** -10.65** -12.96** -13.49** -13.14** -17.14** 

L6 × L8 -2.76** -0.55 -1.10 -2.91* -0.58 -0.58 -9.72** -9.14** -10.19** -12.11** -12.34** -17.14** 

L6 × L9 1.66 0.00 1.10 1.74 2.91* 1.74 -6.94** -12.15** -10.76** -12.23** -12.34** -17.14** 

L7 × L8 0.00 0.00 -0.55 0.58 2.91* 1.74 -7.75** -7.75** -10.07** -11.66** -19.54** -18.06** 

L7 × L9 4.97** 2.21* 4.42** 7.56** 8.72** 7.56** -22.92** -19.56** -22.69** -21.83** -22.97** -28.57** 

L8 × L9 0.00 0.00 0.55 2.33 1.74 2.91* 9.26** 3.01** 5.90** 4.80** -1.49** -1.03** 

HPD: high planting density (40,000 plant/fed); MPD: medium planting density (32,000 plant/fed); NPD: normal planting 

density (24,000 plant/fed). 
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Table 7. Heterosis effects for ear length and ear diameter under three planting densities in two 

sowing dates over check variety Pioneer 32D99 

Trait Ear length (cm) Ear diameter (cm) 

 
1st Sowing date  

(the 10th of April) 

2nd Sowing date  

(the 28th of May) 

1st Sowing date  

(the 10th of April) 

2nd Sowing date 

(the 28th of May) 

Crosses HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

L1 × L2 -14.14** -13.47** -12.46** -12.89** -10.80** -13.59** -2.67 -5.33 -5.33 0.00 -1.37 -1.37 

L1 × L3 -5.72 -4.04 -4.04 -2.44 -5.92 -4.88 -2.67 -4.00 -4.00 -2.74 -1.37 -1.37 

L1 × L4 -1.35 -0.67 1.01 0.35 -3.14 -0.70 -4.00 -2.67 -6.67* -2.74 -5.48* -1.37 

L1 × L5 -10.77** -7.41* -9.09** -10.45** -10.10** -8.71* -5.33 -4.00 -5.33 -4.11 -4.11 -5.48* 

L1 × L6 -6.73* -14.14** -9.09** -9.41** -17.42** -14.63** 6.67* 4.00 4.00 5.48* 4.11 6.85* 

L1 × L7 -5.72 -0.67 -4.04 -0.70 -1.39 2.79 -5.33 -6.67* -8.00** -6.85* -6.85* -5.48* 

L1 × L8 1.01 -0.67 0.00 5.57 0.35 4.53 -5.33 -5.33 -5.33 -1.37 -4.11 -1.37 

L1 × L9 2.69 -4.04 -0.67 2.79 -3.14 1.05 0.00 -4.00 -4.00 0.00 -1.37 2.74 

L2 × L3 -7.41* -5.72 -10.77** -4.88 -4.88 -7.67* -2.67 -5.33 -5.33 -1.37 -1.37 -1.37 

L2 × L4 -2.02 -4.04 -4.04 2.79 -2.79 -0.70 1.33 -4.00 -5.33 -1.37 -4.11 -1.37 

L2 × L5 -9.76** -9.09** -12.46** -4.18 -6.97* -5.23 -6.67* -10.67** -9.33** -8.22** -5.48* -9.59** 

L2 × L6 -8.42* -6.73* -9.76** -10.10** -11.50** -12.20** 1.33 2.67 0.00 2.74 1.37 2.74 

L2 × L7 0.00 -2.36 1.01 -0.70 -0.70 -0.70 -5.33 -9.33** -5.33 -9.59** -8.22** -13.70** 

L2 × L8 -7.07 -6.73* -9.09** -4.18 -4.18 -4.18 -6.67* -10.67** -5.33 -12.33** -6.85* -13.70** 

L2 × L9 4.38 -2.02 1.01 1.05 4.53 2.09 -2.67 -8.00** -5.33 0.00 0.00 2.74 

L3 × L4 3.70** 5.39 -5.05 4.53 1.05 1.74 -5.33 -8.00** -9.33** -6.85* -9.59** -1.37 

L3 × L5 -10.77 -7.07* -9.09** -5.23 -3.14 -4.88 -4.00 -6.67* -8.00** -5.48* -2.74 -1.37 

L3 × L6 0.34 -2.36 3.37 0.70 1.05 -2.44 -1.33 -4.00 -1.33 1.37 4.11 6.85* 

L3 × L7 -4.04* -3.37 -7.41* -0.70 -4.18 -0.70 -10.67** -9.33** -12.00** -9.59** -9.59** -5.48* 

L3 × L8 -7.41 -4.38 -9.09** -2.44 -7.67* -3.14 -5.33 0.00 -5.33 -8.22** -8.22** -1.37 

L3 × L9 -4.04 -5.72 -7.41* -3.14 -6.62 -4.88 -12.00** -9.33** -9.33** -6.85* -8.22** -1.37 

L4 × L5 -1.35 2.02 2.69 4.53 -1.39 -0.70 -12.00** -10.67** -14.67** -8.22** -12.33** -9.59 

L4 × L6 -0.67 3.37 2.69 0.70 -3.14 2.09 -2.67 -2.67 -4.00 0.00 -2.74 2.74** 

L4 × L7 0.34 2.02 1.01 8.01* 6.97* 11.50** -8.00** -9.33** -6.67* -8.22** -6.85* -9.59** 

L4 × L8 -5.72 -1.35 1.01 6.27 -0.70 -2.44 -13.33** -8.00** -6.67* -6.85* -9.59** -5.48* 

L4 × L9 1.68 4.38 2.69 9.06** 8.36* 10.10** -6.67* -9.33** -10.67** -5.48* -6.85* -9.59** 

L5 × L6 -0.67 -5.72 -2.36 -4.88 -0.70 -1.39 -5.33 -6.67* -4.00 -6.85* -5.48* -9.59** 

L5 × L7 -0.67 -4.04 -0.67 6.27 5.92 3.48 -10.67** -12.00** -12.00** -9.59** -13.70** -13.70** 

L5 × L8 -6.06 -6.40 -5.72 -2.44 -4.18 -4.18 -9.33** -9.33** -10.67** -10.96** -10.96** -13.70** 

L5 × L9 -2.02 -2.36 1.01 5.57 2.09 6.97* -14.67** -12.00** -9.33** -6.85* -9.59** -5.48* 

L6 × L7 -1.35 1.01 6.06 4.53 2.79 8.71* -9.33** -10.67** -5.33 -5.48* -6.85* -5.48* 

L6 × L8 -3.37 2.69 -0.67 -1.74 -3.48 3.14 -2.67 -2.67 -4.00 -5.48* -1.37 -5.48* 

L6 × L9 5.72 10.10** 10.10** -0.70 5.57 8.01* 0.00 -2.67 -1.33 -5.48* 0.00 -5.48* 

L7 × L8 -0.67 -3.37 1.01 0.00 1.05 5.57 -9.33** -12.00** -13.33** -12.33** -15.07** -9.59** 

L7 × L9 -7.41* -12.46** -9.09** -14.63** 2.79 0.35 -17.33** -20.00** -17.33** -20.55** -9.59** -21.92** 

L8 × L9 6.73* 2.02 6.06 4.18 11.50** 8.71* -4.00 -10.67** -8.00** -8.22** -6.85* -9.59** 

HPD: high planting density (40,000 plant/fad); MPD: medium planting density (32,000 plant/fad); NPD: normal planting 

density (24,000 plant/fad). 
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Table 8. Heterosis effects for number of rows per ear and number of kernels per row under 

three planting densities in two sowing dates over check variety Pioneer 32D99 

Trait Number of rows per ear Number of kernels per row 

 
1st Sowing date 

(the 10th of April) 

2nd Sowing date  

(the 28th of May) 

1st Sowing date 

(the 10th of April) 

2nd Sowing date 

(the 28th of May) 

Crosses HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

L1 × L2 -14.16** -12.85** -9.15** -15.50** -12.01** -10.04** -7.84** -1.86 3.07* 5.19 10.00** 15.00** 

L1 × L3 -6.32** -2.40* 0.22 -10.48** -4.80** -0.44 0.16 -0.40 7.84** -1.92 3.85 1.73 

L1 × L4 -6.75** 0.22 0.22 -3.06** 1.31 -2.18* -0.57 2.50* 6.30** 5.29 6.15* 14.42** 

L1 × L5 -12.85** -15.47** -5.88** -13.97** -15.28** -10.04** -3.47** 3.55** -2.58* 0.48 6.92* 8.85** 

L1 × L6 -5.88** -4.14** -7.63** -7.64** -2.18* -4.80** -15.99** -11.07** -6.87** -4.13 -4.62 5.58* 

L1 × L7 -11.11** -11.98** -6.75** -10.26** -14.41** -11.79** -5.65** 4.20** 5.65** -7.12* 3.46 12.88** 

L1 × L8 1.53 -2.61** 1.31 -5.46** -3.06** -3.06** -3.47** 0.16 -1.62 -2.79 5.38 20.19** 

L1 × L9 -6.54** -3.27** -6.75** -5.02** -3.06** -3.06** -5.01** 2.50* 7.19** -7.40* 5.19 15.00** 

L2 × L3 -6.10** -0.65 -1.09 -0.87 -2.62* -6.33** -5.17** -2.02 -0.48 2.40 9.23* 17.79** 

L2 × L4 -8.50** -3.27** 0.22 -3.93** -0.44 -2.18* -2.83* 2.58* 4.52** 4.62 18.65** 20.77** 

L2 × L5 -11.11** -11.11** -11.98** -13.97** -12.66** -19.65** -1.37 1.78 8.24** 8.85** 15.87** 21.92** 

L2 × L6 -8.71** -11.55** -4.14** -10.92** -5.68** -10.92** -2.91* 2.34* 9.29** 11.35** 19.81** 18.65** 

L2 × L7 -13.51** -11.11** -3.27** -18.12** -15.28** -14.41** -11.07** -7.67** 0.32 8.56* 14.23** 19.23** 

L2 × L8 -8.28** -1.53 2.83** -8.30** -8.30** -4.80** -2.10* -1.70 0.65 8.17* 13.65** 21.63** 

L2 × L9 -5.66** -9.37** -2.40* -8.30** -7.42** -7.42** -1.37 6.87** 10.90** 5.29* 15.00** 18.65** 

L3 × L4 -2.61* 0.22 -5.01** 0.22 4.80** -1.31 -10.02** -2.75* 2.58* -14.42** -4.23 24.04** 

L3 × L5 -3.92** -3.27** -2.40* -2.40* -5.68** 0.44 -17.45** -11.31** 0.16 5.58* 5.00 10.77** 

L3 × L6 -5.88** -5.01** 1.09 1.31 -0.44 5.68** -9.53** -2.02 3.23** -4.23 4.62 16.92** 

L3 × L7 -11.11** -8.50** -3.27** -10.26** -7.42** -3.93** -11.07** -7.92** -0.81 7.60* 0.19 2.88 

L3 × L8 4.58** 6.32** 8.93** -3.71** -0.44 6.55** -7.19** -8.89** -1.29 6.73* 3.27 2.50 

L3 × L9 -8.93** 1.09 -0.65 -8.30** -5.68** -4.80** -20.52** -14.94** -5.98** -7.98* -4.42* -5.96 

L4 × L5 -8.50** -5.88** -4.14** -3.06** -8.30** -3.93** -4.52** -0.57 0.81 8.65* 9.23** 13.85** 

L4 × L6 -9.15** -16.34** -7.63** -3.93** -6.55** -3.06** -8.64** -0.65 -1.13 3.85 5.96 11.54** 

L4 × L7 -10.46** -2.40* 0.22 -10.26** -6.55** -4.80** -2.42* 3.15* 7.59** 5.77* 13.85** 20.00** 

L4 × L8 -3.27** 1.09 5.45** 1.53 5.68** 2.18* -8.80** 0.16 4.04** -2.88 8.27* 19.71** 

L4 × L9 -3.27** -1.53 -2.40* -0.44 -5.68** 0.44 -5.65** 6.62** 8.32** -0.48 13.08** 22.12** 

L5 × L6 -9.15** -8.50** -5.88** -12.88** -7.42** -9.17** -3.80** -3.23** 0.65 5.19 7.69* 14.42** 

L5 × L7 -5.88** -10.24** -4.14** -7.64** -10.92** -12.66** -4.28** -2.10* 4.68** 2.40 14.62** 20.48** 

L5 × L8 -2.83** -9.37** -4.14** -12.66** -2.18* -8.30** -4.28** -0.08 8.72** 6.35* 7.88* 8.65** 

L5 × L9 -13.73** -8.50** -5.01** -10.92** -10.92** -10.04** -6.14** -0.65 5.49** 2.40 9.04** 16.15** 

L6 × L7 -14.38** -15.47** -8.50** -13.54** -11.79** -15.28** -0.15 -3.07* 4.28** 9.81** 23.27** 22.50** 

L6 × L8 -8.50** -2.40* 7.19** -8.08** 0.44 -4.80** -5.09** 0.32 8.56** 3.46 10.19** 14.04** 

L6 × L9 -7.84** -5.88** -2.40* -10.26** -9.17** -8.30** -1.05 5.17** 7.59** 6.15* 21.54** 22.31** 

L7 × L8 -6.54** -2.40* -5.01** -9.83** -12.66** -7.42** -2.02 -1.29 0.81 13.27** 15.19** 14.23** 

L7 × L9 -18.08** -13.73** -12.85** -20.09** -7.42** -8.30** -18.82** -11.31** -8.72** -8.46* 5.96* 4.81* 

L8 × L9 -6.10** -2.40* -3.70** -13.10** -12.88** -5.46** 2.02 8.32** 11.31** 14.71** 18.65** 22.21** 

HPD: high planting density (40,000 plant/fad); MPD: medium planting density (32,000 plant/fad); NPD: normal planting 

density (24,000 plant/fad). 

 



 
              Zagazig J. Agric. Res., Vol. 50 No. (1) 2023                   15 

 

Table 9. Heterosis effects for 100-kernel weight and grain yield (ardab fed
-1

) under three 

planting densities in two sowing dates over check variety Pioneer 32D99 

Trait 100-kernel weight Grain yield (ardab fed-1) 

 
1st Sowing date 

 (the 10th of April) 

2nd Sowing date  

(the 28th of May) 

1st Sowing date  

(the 10th of April) 

2nd Sowing date  

(the 28th of May) 

Crosses HPD MPD NPD HPD MPD NPD HPD MPD NPD HPD MPD NPD 

L1 × L2 -11.67* -3.33 2.22 -9.30** 5.81* 9.30** -26.10** -31.60** -38.45** -21.93** -18.30** -25.53** 

L1 × L3 -2.22 12.22** 12.22** -2.33 -2.33 11.63** -3.25 -18.62** -26.78** -1.87 -9.94* -25.89** 

L1 × L4 -6.67 3.33 10.00* -10.47** 6.98* 11.63** -19.20** -29.15** -29.75** -16.20** -23.10** -20.04** 

L1 × L5 1.11 2.22 7.78 -3.49 5.81* 10.47** -21.01** -31.56** -32.27** -10.61* -18.00** -21.46** 

L1 × L6 6.67 7.78 12.22** -3.49 1.16 12.79** -15.53* -32.76** -31.69** -22.59** -27.80** -28.85** 

L1 × L7 6.67 5.56 7.78 -9.30** -2.33 6.98* -18.14** -27.88** -25.42** -20.72** -14.02** -26.72** 

L1 × L8 1.11 0.00 5.56 2.33 -1.16 9.30** -11.77 -21.71** -27.83** 0.09 -8.87* -12.19** 

L1 × L9 8.89 -3.33 7.78 -9.30** -1.16 15.12** -15.38* -35.82** -29.32** -8.76* -27.74** -29.10** 

L2 × L3 3.33 2.22 8.89* 0.00 4.65 12.79** -12.04 -25.27** -29.73** -6.85 -11.66** -17.79** 

L2 × L4 -1.11 0.00 7.78 -16.28** 4.65 5.81* -16.77* -20.44** -19.66** -5.14 -23.17** -21.68** 

L2 × L5 1.11 14.44** 14.44** -12.79** 0.00 9.30** -17.70** -40.45** -34.85** -22.09** -25.81** -28.05** 

L2 × L6 2.22 6.67 5.56 -12.79** 1.16 2.33 -19.88** -28.01** -27.75** -27.16** -22.21** -27.12** 

L2 × L7 -3.33 3.33 15.56** -8.14* -4.65 15.12** -20.04* -34.02** -35.27** -25.38** -21.01** -33.71** 

L2 × L8 -2.22 5.56 5.56 -12.79** -4.65 5.81* -15.46* -26.85** -20.71** -11.73* -22.94** -27.50** 

L2 × L9 -5.56 8.89 5.56 -6.98* 1.16 16.28** -13.62* -28.26** -22.78** -13.40** -20.24** -33.20** 

L3 × L4 7.78 13.33** 15.56** 3.49 -1.16 12.79** -2.76 -25.53** -33.16** 6.58 -5.10 -25.18** 

L3 × L5 0.00 0.00 5.56 -4.65 2.33 9.30** -15.16* -22.44** -22.06** 0.46 -6.41 -22.80** 

L3 × L6 6.67 -5.56 7.78 -11.63** -9.30** 6.98* -16.94* -29.47** -25.23** -9.35* -11.47* -24.51** 

L3 × L7 -10.00* -2.22 11.11** -6.98* 2.33 9.30** -25.37** -37.10** -41.00** -14.02** -25.70** -29.15** 

L3 × L8 -1.11 3.33 6.67 -2.33 -1.16 5.81* -6.88 -21.19** -29.21** -2.13 -10.89* -15.93** 

L3 × L9 3.33 10.00* 11.11* -6.98* -2.33 2.33 -33.18** -35.80** -43.68** -24.66** -34.82** -37.50** 

L4 × L5 3.33 7.78 11.11* -11.63** 0.00 2.33 -26.12** -32.38** -34.50** -14.54** -21.23** -24.30** 

L4 × L6 7.78 5.56 11.11* -5.81* -9.30** 13.95** -16.77* -25.98** -28.50** -21.30** -21.75** -20.01** 

L4 × L7 -3.33 -2.22 11.11* -9.30** -11.63** 2.33 -18.93** -27.55** -30.07** -2.65 -10.20* -17.41** 

L4 × L8 -5.56 -4.44 6.67 -11.63** -1.16 4.65 -15.46* -25.08** -20.90** -10.76* -20.26** -31.85** 

L4 × L9 -2.22 2.22 6.67 -8.14* 4.65 0.00 -14.55* -28.99** -27.36** -15.46** -18.88** -16.12** 

L5 × L6 1.11 4.44 6.67 -6.98* 0.00 10.47** -25.02** -38.44** -38.06** -32.10** -25.81** -31.04** 

L5 × L7 -1.11 3.33 3.33 -9.30** 3.49 2.33 -26.73** -30.94** -35.26** -12.35** -16.44** -25.07** 

L5 × L8 6.67 2.22 6.67 3.49 4.65 6.98* -12.89* -22.63** -27.57** 0.59 -9.81* -20.60** 

L5 × L9 4.44 3.33 10.00* -3.49 -3.49 6.98* -27.28** -33.77** -34.63** -15.67** -20.88** -21.52** 

L6 × L7 -5.56 0.00 8.89* -8.14* 0.00 5.81* -11.01 -28.51** -29.56** -23.44** -11.76** -28.76** 

L6 × L8 -2.22 4.44 17.78** -3.49 8.14* 12.79** -17.09* -29.23** -28.97** -31.79** -23.12** -23.47** 

L6 × L9 -2.22 0.00 6.67 -11.63** 8.14* 9.30** -20.97** -19.27** -26.92** -34.16** -17.46** -35.88** 

L7 × L8 1.11 7.78 14.44** -8.14* -4.65 4.65 -18.02** -26.78** -26.57** -16.00** -24.23** -30.48** 

L7 × L9 -2.22 0.00 10.00* -4.65 -5.81* 3.49 -45.03** -61.70** -61.83** -59.37** -65.02** -62.71** 

L8 × L9 8.89* 10.00* 10.00* -6.98* 2.33 8.14* 3.21 -17.92** -17.48** 7.28 -2.61 -18.89** 

HPD: high planting density (40,000 plant/fad); MPD: medium planting density (32,000 plant/fad); NPD: normal planting 

density (24,000 plant/fad). 
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detected by Beck et al. (1990), Ali (2003, 2009), 

Ali (2016), Sedhom et al. (2016) and Talukder 

et al. (2016).  

From the previous results, the yellow maize 

cross (L8 × L9) was surpassing the check 

cultivars SC 176, SC Pioneer 32D99, Fine 276, 

and Fine 354 for ear length, number of kernels 

per row, 100-kernel weight, and grain yield 

under most environments. Also, it could be 

recommended the following F1 crosses for using 

in maize improvement program under planting 

density, (L1 × L3), (L1 × L8), (L3 × L8), (L3 × 

L4), and (L3×L5). Similar results were reported 

by several investigators (Ali, 2016; Sedhom et 

al., 2016; Murtadha et al., 2018; Turkey et al., 

2018; Abdel-Moneam et al., 2020; Rabbani 

and Safdary, 2021; Omar et al., 2022). 

Simple Correlation 

Simple correlation based on the combined 

data over environments was calculated among 

all possible combinations of the studied 

characters and listed in Table 10.  

Days to 50% tasseling had negative correlations 

with ear length, ear diameter, number of rows 

per ear, 100-kernels, and grain yield. Plant 

height had positive and significant correlations 

with ear diameter, number of kernels/ear, and 

grain yield. Positive and highly significant 

correlations were registered between ear length 

with both number of kernels per row and grain 

yield. Ear diameter showed positive and 

significant correlations with number of rows per 

ear and grain yield. 100-kernels weight had 

negative correlations with days to 50% tasseling, 

ear length, and number of kernels per row. Grain 

yield had positive and significant associations 

with plant height (0.672**), ear length (0.341*), 

ear diameter (0.375*), number of rows per ear 

(0.596**), and number of kernels per row 

(0.486**). Similar results were reported by 

several investigators (Nzuve et al., 2014; Ali, 

2016; Sardar et al., 2019). In this connection, 

Ali (2016) showed that maize grain yield was 

significantly and positively associated with 

number of kernels per row, ear length, ear 

diameter and plant height. 

Conclusions 

Breeding for increase number of plants per 

unit area is an important factor to improve maize 

yield. In some environments, the cross L8 x L9 

showed desirable standard heterosis for grain 

yield, number of grains per row, and plant 

height. The percent of heterosis for grain yield 

varied from -65.02 to 7.28%. Hybrids (L4 × L7), 

(L6×L7), and (L8×L9) can be used as commercial 

cultivars under similar environmental conditions. 
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Table 10. Simple correlation coefficients as calculated from the combined across six environments 

for various metric traits in maize genotypes  

  

Days to 50% 

tasseling 

(days) 

Plant 

height 

(cm) 

Ear 

length 

(cm) 

Ear 

diameter 

(cm) 

Number 

of rows 

per ear 

Number  

of kernels 

per row 

100-

kernel 

weight 

Grain yield 

(ardab 

fed-1) 

Days to 50% tasseling (days) 1        

Plant height (cm) 0.145ns 1 
      

Ear length (cm) -0.080 ns 0.114 ns 1 
     

Ear diameter (cm) -0.150 ns 0.388*  -0.126 ns 1 
    

Number of rows per ear -0.075 ns 0.194 ns 0.287 ns 0.344* 1 
   

Number of kernels per row 0.057 ns 0.574** 0.469** 0.036 ns -0.003 ns 1 
  

100-kernel weight -0.060 ns 0.227 ns -0.017 ns 0.234 ns 0.154 ns -0.048 ns 1 
 

Grain yield (ardab fed-1) -0.204 ns 0.672** 0.341* 0.375* 0.596** 0.486** 0.298 ns 1 

ns, * and ** no significant, significant at 0.05 and significant at 0.01, probability levels respectively. 
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 لذرة الشاهيت ححج ثلاث كثافاث ًباحيت افي وحصىل الحبىب وهساهواحه ل قىة الهجيي حقديز

 هيعاديي للزراعتو

هحود عوز طه عبد العظين
1

حسي أحود ربيع - 
2

صابز عبد الحويد هىافي - 
2

 

هشام حىفيق عثواى
3

هحود هحود عبدالحويد علي - 
2

 

 . تاحس ، ششمح ٍنٍِ ىيٖعِ ، ٍصش.1

 اىضقاصٌق ، ٍصش. 44519. قسٌ اىَحاصٍو ، ميٍح اىضساعح ، ظاٍعح اىضقاصٌق ، 2

 . ٍذٌش عاً ٗسئٍس قسٌ اىثح٘ز ٗاىرطٌ٘ش ، ششمح ٍصش اى٘سطى ، ٍصش.3

ا تسذعةان اّراظٍرٖةا ٍةِ اىعيةب ٗاىحثة٘ب. ذةٌ اظةشار ٕةزٓ اىذساسةح  ذعرثش اىزسج اىشاٍٍح ٍِ ٍحاصٍو اىحث٘ب اىٖاٍةح ّرةش 

أصةْاف ذعاسٌةح  4ٍة   F1 اىعٍةو اتٗه فةىٍِ اىزسج اىشةاٍٍح اىصةعشار ٕعٍْ ا  36تٖذف ذقٌٍٍ ٍر٘سط سي٘ك ٗق٘ج اىٖعٍِ ىـ 

فةةذاُ/ّثةةاخ 40.000ٗ  32000، 24000)ذحةةد شةةثز مصافةةاخ ّثاذٍةةح 
 

َشذععةةح، عيةةً اىَر٘سةةطح ٗاىعادٌةةح، ذَصةةو اىنصافةةح اى

ٍحافرةح  -ٍاٌ٘( فً ٗسط ٍصةش )ٍشمةض اىعشةِ  28أتشٌو( ٗاىَرأخش ) 10ذحد ٍٍعادٌِ ىيضساعح، اىٍَعاد الأٍصو )( اىرشذٍة

ٖشخ اىْرائط ٗظ٘د فشٗق ٍعٌْ٘ح تٍِ ٕعِ اىزسج اىشاٍٍح ىعٍَ  اىصةعاخ اىَذسٗسةح فةً ظٍَة  اىثٍ ةاخ. أشةش تًْ سٌ٘ب(. أظ

سةي٘ك ظٍَة  ٕعةِ اىةزسج ىعٍَة  اىصةعاخ ذحةد اىذساسةح. ذسةثثد مصافةح اىضساعةح  ٍر٘سةط سيثٍا  عيى َرأخشاىٍٍعاد اىضساعح 

ٍةةِ اىْةة٘سج اىَةةزمشج )اىرةةأخٍش فةةً اىْ ةةط(،  %50 ( فةةً صٌةةادج عةةذد الأٌةةاً حرةةً  ةةشدMPD( ٗاىَر٘سةةطح )HPDاىعاىٍةةح )

ٗ  %14.8، ٗ ٍصولأا فً ٍٍعاد اىضساعح %1.01ٗ  %17.77ٗصٌادج ٍحص٘ه اىحث٘ب ىيعذاُ تْسثح  اخٗصٌادج اسذعان اىْثاذ

ب ، عةذد حثة٘م٘ص/، عذد اىصع٘فعيً اىر٘اىً. تٍَْا اّخعض  ٘ه اىن٘ص، قطش اىن٘ص ،َرأخشاىفً ٍٍعاد اىضساعح  8.65%

( ٍقاسّح تاىنصافح MPD( ٗاىَر٘سطح )HPDّثاخ ذحد مصافح اىضساعح اىعاىٍح )/حثح ، ٍحص٘ه اىحث٘ب 100، ٗصُ اىصب

ٗه ٍصةةو أسدب / فةةذاُ فةةً ٍٍعةةاد اىضساعةةح الأ 44.89اىةةى  16.6(. ذةةشاٗغ ٍر٘سةةط ٍحصةة٘ه اىحثةة٘ب ٍةةِ NPDاىعادٌةةح )

أعيى ٍر٘سةط ىَحصة٘ه  L8 × L9. أعطً اىٖعٍِ َرأخشاىفذاُ فً ٍٍعاد اىضساعح /بأسد 35.40اىى  11.55تٍِ  شاٗغٗذ

 L1 × L3  ،L1 × L8  ،L3 × L8  ،L3 × L4  ٗ ،L3 × L5/فةذاُ( ٌيٍةٔ اىٖعةِ أسداب 35.13٘ب فةً ظٍَة  اىثٍ ةاخ )اىحثة

 Pioneerاسي اسةةةرخذاً اىصةةةْب اىرعةةةعيةةةى اىرةةة٘اىً(. ذةةةٌ  ،أسدب/فةةةذاُ 32.34ٗ  32.49،  32.5،  32.65،  32.65)

32D99 ٍِٗسعيد اىقٍاسٍح ىحساب ق٘ج اىٖع ،ِ  (L1 × L4( ٗ )L1 × L8( ٗ )L6 × L7)فةً اىٖعةِ سةاىثح ٍٗعٌْ٘ةح  ق٘ج ٕعةٍ

ٗ(L4 × L8 ىصةعح عةذد الأٌةاً حرةى  ةشد )اىٖعةِ فةً ٍةِ اىْة٘سج اىَةزمشج ٗ %50(L3 × L8)  ،(L3 × L9)  ،(L5 × 

L8)،  (L6 × L7 ،(L6 × L8)  ،(L6 × L9)  ،(L7 × L9 ( ٗL8 × L9 ىصةعح اسذعةان اىْثةاخ ) ٍعرةٌ اىثٍ ةاخذحةد 

 × L4 × L7(ٗ )L4ذٌ اىحصة٘ه عيةً قةٌٍ ٍ٘ظثةح ٍٗعٌْ٘ةح ىقة٘ج اىٖعةٍِ اىقٍاسةٍح فةً اىٖعةِ )ٗعيً اىعنس ، اىَذسٗسح. 

L9 َرأخشاى( ىط٘ه اىن٘ص فً ٍٍعاد اىضساعح( ٍِ؛ اىٖعL1 × L6( ِىقطةش اىنة٘ص؛ اىٖعة )L3 × L8( ٗ )L4 × L8 ىعةذد )

( ىعةذد L8 × L9ٗ ) L4 × L7)  ،(L6 × L9)،  (L2 × L9)،  (L2 × L6)اىصع٘ف ىينة٘ص فةً ٍعرةٌ اىثٍ ةاخ؛ اىٖعةِ 

حثةح ذحةد ظٍَة   100( قةٌٍ ٍ٘ظثةح ىقة٘ج اىٖعةٍِ ىةـصعح ٗصُ L8 × L9اىحث٘ب/اىصب فً ظٍَ  اىثٍ اخ. أعطً اىٖعةٍِ )

ٗمةزىل ٍحصة٘ه اىحثة٘ب ذحةد  َرةأخشاىاىعادٌح فةً ٍٍعةاد اىضساعةح ٗذحد مصافح اىضساعح  ٍصوالأاىثٍ اخ فً ٍٍعاد اىضساعح 

 .%7.28اىةى  65.02-ق٘ج اىٖعٍِ فً ٍحص٘ه اىحث٘ب ىيعذاُ ذحةد ظٍَة  اىثٍ ةاخ ٍةِ  اىنصافح اىْثاذٍح اىَشذععح. ٗذشاٗحد

 ،*(  0.341) اىنة٘ص  ة٘ه ،**(  0.672) اىْثةاخ اسذعةانٗمو ٍِ،   اىحث٘ب ٍحص٘ه سُعو اسذثا  ٍ٘ظة ٍٗعْ٘ي تٍِ ٗ

 ٗذ٘صةً اىذساسةح  .(* * 0.486) اىصةب فةً ٘باىحث ٗعذد ،**(  0.596) ىين٘ص اىصع٘ف عذد ،*( 0.375) اىن٘ص قطش

 .ىيزسج اىشاٍٍح اىصعشار تإدساض اىٖعِ اىَثششج فً تشاٍط اىرشتٍح ٗالإّراض اىرعاسي

 ـــــــــــــــــــــــــــ
 الوحكوــــــىى:

 ظاٍعح اىضقاصٌق. –ميٍح اىرنْ٘ى٘ظٍا ٗاىرٍَْح  –ٍرعشغ تقسٌ الإّراض اىْثاذً أسرار   يـــــ5 السيد السيد حسأ5د -1

 ظاٍعح اىضقاصٌق. –ميٍح اىضساعح  –أسرار اىَحاصٍو اىَساعذ   السيد هحود إبزاهين. أ5د -2


