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ABSTRACT 

     Maize response to high nitrogenous fertilization rates is one of the means to know maximum 

productivity.  Also genetic selection of maize hybrids is related to using high nitrogen levels, which 

require a strong N input to accomplish their yield potential. The present study aimed to investigate the 

response of maize three-way crosses to high nitrogen rates. The experiment was conducted at two 

locations, namely Gemmeiza and Mallawy, with split plot design in four replicates, during 2016 and 

2017 seasons. At Gemmeiza the highest mean values of the number of rows/ear and grain yield fed
-1

 

were 15.9 and 33.08 ard./ fed, respectively obtained by TWC353 hybrid when received 150 kg N/fed. 

Concerning Mallawy location, the highest mean values of the number of rows ear
-1

 and grain yield 

ardab fed
-1

 15.15 and 33.04, respectively obtained by TWC353 hybrid when received 135 and 150 kg 

N/fed. Highly significant and positive associations were obtained among grain yield fed
-1

 and each of 

plant height, ear height, ear length, and 100 kernel weight at Gemmeiza location. While at Mallawy 

location, grain yield had a positive and significant correlation with number of ears/plot ear length, 

kernels row
-1

 and 100 kernel weight. Factor analysis classified the nine studied traits, as grain yield 

components, into three main factors explained 69.26% of the total variability in the dependent 

structure. At Gemmeiza location, Factor 1 was responsible for 27.26% of the total variation and 

included plant height, ear height and grain yield. Factor 2 included number of ears/plot. ear diameter, 

number of rows per ear and 100 kernel weight and contributed 25.29% of the total variation. Ear 

length and kernels per row of the factor3 accounted for 16.71 % of the total variation. At Mallawy 

location, three factors explained 73.52 % of the total variability in the dependence structure. Factor 1 

included three variables which accounted for 28.17% of the total variability. The three variables were 

plant height, ear height and 100 kernel weight. The three variables had high communality with factor 

1. Factor 2 was made up of the number of ears per plot, ear length, kernels per row and grain yield. 

The sign of the loading values indicates the direction of the relationship between the factor and its 

related traits. It accounted for 24.76 % of the total variability in the dependence structure.  Factor 3 

was responsible for 20.584 % of the total variability in the dependence structure. It included the two 

traits ear diameter and number of rows/ear. 

 

Key words: Zea mays, N-rates, Grain yield traits, Correlation coefficients, Factor analysis. 

 

1. INTRODUCTION 

Nitrogen plays a significant role through 

various physiological operations and 

photosynthetic activities in maize. In maize the 

requirement of nitrogen depends on weather 

conditions, soil type and crop rotation pattern 

(Bundy et al., 2011 and Majid et al., 2017). 

Several researchers reported that nitrogen is the 

most limiting factor to increase maize grain yield 

and its components. They found that plant 

height, ear height, ear diameter, ear length, No. 

of rows ear
-1

, No. of grains row
-1

, ear weight, ear 

grain weight, 100-grain weight, shelling 

percentage, grain yield plant
-1

 and grain yield 

fed
-1

 of maize increased by increasing nitrogen 

level (Gouda et al., 1992; Gouda, 1997. Gouda 

et al., 2009 and  Kandil, 2013). 

The coefficient of correlation helps to 

measure the level of relationships between the 

traits and also establishes the level at which 

these traits are mutually different (Nagabhushan 

et al., 2011).  
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There are several strategies to increase crop 

productivity, e.g. improving farming practices, 

employing merging technology, using modern 

and high yielding maize hybrids which more 

response to high rates of nitrogenous fertilizers. 

El-Badawy and Mehasen (2011) reported that 

application of 140 or 160 kg N/fed significantly 

increased all growth characters, yield and yield 

components of maize. 

On the contrary, nitrogen deficiency 

decreased grain yield for all hybrids. However, 

there were no significant differences regarding 

harvest index, leaf area or plant weight at 

flowering stage between the N-deficient and the 

control plants of all hybrids. Dry matter 

production after flowering of the nitrogen 

deficient plants was significantly lower than that 

of the control plants in all hybrids. Also, N 

deficiency accelerated senescence, i.e. decreased 

chlorophyll and protein contents after anthesis, 

more for the earlier released hybrids than for the 

later ones (Ding et al., 2005).  

Nitrogen plays an essential role in many 

compounds which are essential for plant growth, 

chlorophyll synthesis and many enzymes. It is 

considered the key element in increasing crops 

productivity, and also, helps in the use of P, K 

and other elements in plants.  

Additionally, Atia and Mahmoud (2006) 

found that the highest grain yield (ard/fed) of the 

tested cultivar was produced by supplying 160 

kg N/fed. Majid et al.(2017) found that the 

highest grain yield was obtained from the plot 

treated with (345 kg N/fed)   

These correlations also give reliable and 

useful information on nature, extent and 

direction of selection. Eraky et al. (1982), El-

Badawy and Mehasen (2011) and Nzuve et al. 

(2014) reported that grain yield fed
-1

 of maize 

was highly positively correlated with ear length, 

the number of grains /row, ear diameter, 

shelling%, grain yield plant
-1

 and 100-kernel 

weight but positively and significantly correlated 

with both of plant height and ear height.  

Factor analysis is a type of multivariate 

analysis that can be used to reduce a large 

number of correlated variables to a minimum 

number of independent main factors. 

Bharathiveeramani and Prakash (2012) found 

that sixteen factors were extracted using 

principal component analysis as extraction 

method. Out of the 16, only 5 factors had eigen 

value greater than one, and these factors alone 

accounted for 78.3% of the total variance. The 

loadings of each variable onto each factor was 

analysed from the rotated factor matrix obtained 

through varimax rotation. First factor accounted 

for 22.93% of the total variation and showed 

significant associations of traits related to 

duration, namely days to 50% tasseling, days to 

50% silking, anthesis silking interval and days to 

maturity. Second factor, with 19.22% of the total 

variation, had higher loadings of plant height 

and ear height which are the important growth 

traits in maize. Factor 3 with a contribution of 

17.91% to the total variation was found to be 

significantly associated with the important yield 

traits viz. cob yield/plant, grain yield/plant and 

ear girth. Factor 4 (9.99% variance) and factor 5 

(8.33% variance) were loaded mainly with 

hundred seed weight and grain setting length 

respectively. 

 The current study aimed to investigate the 

response of four 3-way crosses of maize to 

elevated nitrogen fertilizer and determine the 

dependence relationships between grain yield 

and its components by using two statistical 

procedures including simple correlation and 

factor analysis.   

 

2. MATERIALS AND METHODS 

 A field trial was conducted at two locations, 

i.e., Gemmeiza and Mallawy Agric. Res. Stns., 

Field Crops Res. Inst., Agric. Res. Center, 

during two growing seasons 2016 and 2017 to 

study the response of four Maize 3-way crosses 

to increased nitrogen fertilizer rate.The 

experimental design was split plot with four 

replications. Nitrogen treatments were assigned 

to the main plots with three levels including 120, 

135 and 150 kg N/fed with three-way crosses 

TWC 324, TWC 329,TWC 353 and TWC 354 

arranged in the sub plots. The experimental unit 

was 4 rows, 6 m in length, 80 cm in width, and 

20 cm between hills. One blank row was left 

between plots. All plants in the 2
nd 

and 3
rd

 rows 

were harvested and grain yield was adjusted to 

15.5% moisture. Phosphorus at a rate of 30 kg 

P2O5 fed
-1

 in the form of Superphosphate (15 % 

P2O5) and Potassium at a rate of 24 kg K2O per 

fed in the form of Potassium sulphate 48 % K2O 

were added before planting. Soil samples at (0-

30cm depth) were taken from the experimental 

site before planting for physical and chemical 

analysis. This study was performed in Mallawy 

(clay loam soil) and Gemmeiza (clay loam soil). 

Soil properties are presented in Table (1) 

according    to   Page  et  al. (1982).  All  other  
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cultural practices were applied as recommended.  

2.1. Data recorded at harvest  

Data recorded for maize hybrids for both 

tested seasons were plant height (cm), ear height 

(cm), number of ears /plot,  grain yield (ard/fed), 

ear length (cm), ear diameter (cm), number of 

rows/ear, number of kernels /row, and 100kernel 

weight/ear (g) 

2.2. Statistical analysis  

A combined analysis of variance was computed 

across the two seasons according to Snedecor and 

Cochran (1989). On the other hand, Levene test 

(1960) was used to satisfy the assumption of 

homogeneity of variances before running the 

combined analysis. In this research, several 

statistical analyses were used in order to show the 

presence or absence of correlations among 

different dependent variables of maize hybrids. 

Variance analysis was applied; the simple 

correlation coefficients were computed among 

yield fed
-1

 and its components (Gomez and 

Gomez, 1984). 

Factor analysis was applied according to Cattell 

(1965) to reduce a large number of correlated 

variables to a much smaller number of independent 

clusters of variables called factors. After the 

loading of the first factor was calculated, the 

process was repeated on the residuals matrix to 

find further factors. When the contribution of a 

factor to the total percentage of the trace was less 

than 10%, the process was stopped. After 

extraction, the matrix of factor loadings was 

submitted to a Varimax Orthogonal Rotation, as 

applied by Kaiser (1958). The purpose of rotation 

was to rebuilding the larger loadings in each factor 

and to suppress the minor loading coefficient so as 

to improve the opportunity of achieving  

meaningful biological interpretation of each factor. 

Analysis of variance of data and mean 

comparison of them was done using MSTATC and 

SPSS programs. Mean comparison was done using 

Least significant differences test at 5% level of 

probability. 

 

3. RESULTS AND DISCUSSION 

3.1. Combined analysis of variance 

Table (2) showed the combined analysis of 

variance for all studied traits. Test of 

homogeneity revealed that the error variance for 

the two seasons was homogenous, therefore 

combined analysis was processed. Year's mean 

squares were highly significant and significant 

for all the studied traits, except for ear length, 

number of row ear
-1

and kernel weight at 

Mallawy location and for number of kernel /row 

in both sites. The hybrids mean squares were 

highly significant for all traits at two locations. 

N fertilizer level mean squares were non-

significant for all studied traits in two locations, 

except for plant height, number of ears /plot and 

grain yield at Gemmeiza location. The 

interaction between years and hybrids mean 

squares was significant for all of the studied 

traits. The interaction between years and N 

levels mean squares were significant for number 

of ears/plot and 100 kernel weight traits at 

Gemmeiza location. The significant differences 

recorded for the different traits among the 

studied hybrids implied that maize hybrids 

included in this study had diverse genetic 

backgrounds (Nzuve et al., 2014 and Majid et 

al., 2017). 

3.2. Hybrids performance 

The results in Table (3) showed that the four 

evaluated hybrids significantly varied in all traits 

under study at two locations except number of 

ears /plot, number of row/ear and ear diameter at 

Mallawy location. This suggests that sufficient 

genetic variability exists in the genotypes which 

selected for study. TWC 324 followed by TWC 

329 hybrids gave the highest values of plant 

height, ear height, ear length, kernels row
-1

 and 

grain yield at Gemmeiza and Mallawy 

locations.While, TWC 353 recorded the highest 

means of ear diameter and No. rows/ear at the 

two locations. Meanwhile, TWC 354 recorded 

Table (1): Physical and chemical analysis of both experimental sites (Mallawy and Gemmeiza). 

Soil characters Physical analysis Soil characters Chemical analysis 

Mallawy Gemmeiza Mallawy Gemmeiza 

Sand% 22.4 20.4 

Silt% 37.0 32.8 Organic matter % 0.89 0.79 

Clay% 40.5 46.8 Total soluble N (mg kg
-1

)      60.60 88.45 

Soil texture Clay loam Clay loam Available P (mg kg
-1

) 6.15 8.20 

Available K (mg kg
-1

)       293.5 305.0 
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the highest means of the  number of ears per plot 

and kernels /row. The 4 tested maize hybrids 

showed some significant differences in ear 

length, 100 kernel weight and yield combined 

over the two years. Superiorities of these traits 

(21.63 cm, 38.35g and 31.29 ardfed
-1

) were 

recorded by TWC 324 followed by TWC 329 

hybrid (20.78 cm, 37.12 g and 27.66 ardfed
-1

) at 

Gemmeiza location. While for Mallawy location, 

the highest values of ear length, 100 kernel 

weight and grain yield were recorded by TWC 

324 (21.83 cm, 40.65 g and 29.97 ardfed
-1

), 

followed by TWC 329 (20.34cm, 39.53g and 

28.76 ardfed
-1

). The hybrid TWC353 gave the 

highest values of ear diameter (4.88 and 

5.15cm), Number of rows/ear (15.94 and 14.70) 

at Gemmeiza and Mallawy location, 

respectively. The results of varietal differences 

in yield and yield attributes of maize hybrids in 

this study are in agreement with those obtained 

Table (2): Mean square values and significance for maize yield and yield attributes at two locations 

combined over two seasons. 
S.O. V df PHT EHT N E/P 

Gemmeiza Mallawy Gemmeiza Mallawy Gemmeiza Mallawy 

Years 1 12489.84** 4973.76** 3626.042
** 

1120.67* 100.04
** 

2646.0
** 

R(Y) 6 353.73** 676.61* 134.549
NS 

303.38
NS 

2.24
NS 

23.25
NS 

N 2 386.19* 237.32
NS 

79.17
NS 

101.39
NS 

22.59
* 

0.97
NS 

NY 2 33.59
NS

 8.51
NS 

29.17
NS

 1.76
NS 

24.51
* 

13.78
NS 

Error(a) 12 61.29 226.93 66.32
 

135.18 3.66 12.04 

Hybr 3 9106.51** 7936.57
** 

3161.81
** 

3077.90
** 

6.85
* 

5.69
NS 

HY 3 1677.34** 994.71* 813.24
* 

61.97
NS 

14.46
** 

8.53
NS 

HXN 6 467.45** 663.55** 272.22
** 

443.49
** 

1.52
NS 

5.66
NS 

HXNXY 6 648.18** 192.04
NS 

450.69
** 

165.82
NS 

1.47
NS 

3.14
NS 

Error (b) 54 90.94 221.56 77.49 125.43 2.35 4.73 

S.O. V df EL ED RPE 

  Gemmeiza Mallawy Gemmeiza Mallawy Gemmeiza Mallawy 

Years 1 26.25
** 

0.042
 

5.90
** 

0.57
** 

9.004
** 

1.307
NS 

R(Y) 6 5.83
** 

8.793
* 

0.07* 0.25
** 

0.953
NS 

1.627
NS 

N 2 0.30
NS 

2.21
NS 

0.02
NS 

0.01
NS 

0.136
NS 

1.080
NS 

NY 2 1.29
NS 

0.405
NS 

0.18
NS 

0.12
NS 

0.354
NS 

1.718
NS 

Error(a) 12 1.14 2.863 0.02 0.05 0.506
 

1.376 

Hybr 3 27.36
** 

22.78
** 

0.08* 0.012
NS 

24.973
** 

2.837
NS 

HY 3 2.24
NS 

3.739
NS 

0.07* 0.004
NS 

1.099
NS 

2.591
NS 

HXN 6 0.93
NS 

3.05
NS 

0.01
NS 

0.019
NS 

0.646
NS 

0.609
NS 

HXNXY 6 1.81
NS 

3.06
NS 

0.01
NS 

0.152
** 

0.671
NS 

2.276
NS 

Error (b) 54 1.85 1.43 0.02 0.048 0.837 1.420 

S.O. V df KPR KWT YIELD 

  Gemmeiza Mallawy Gemmeiza Mallawy Gemmeiza Mallawy 

Years 1 0.001
NS 

6.30
NS 

182.88** 24.00
NS 

31.020* 1377.59**
 

R(Y) 6 21.01
NS 

15.48
NS 

0.69
NS 

32.58
* 

10.785
NS 

25.29
NS 

N 2 16.032
NS 

12.99
NS 

2.04
NS 

6.77
NS 

198.627
** 

96.23*
 

NY 2 16.85
NS 

3.65
NS 

15.14
** 

7.24
NS 

11.121
NS 

6.93
NS 

Error(a) 12 9.73 6.99 0.73 7.07 4.683 21.87
 

Hybr 3 102.22
** 

47.28** 49.36
** 

113,95
** 

222.244**
 

63.43
** 

HY 3 8.78
NS 

10.31
NS 

18.35
** 

7.39
NS 

50.269
** 

17.07
NS 

HXN 6 18.93
** 

10.71
NS 

8.95
** 

20.77
* 

11.761*
 

33.51*
 

HXNXY 6 16.32
** 

5.25
NS 

7.30
** 

7.92
NS 

17.123**
 

21.5
NS 

Error (b) 54 3.71 9.13 1.63
 

6.69 4.90 12.59 

* and ** are significant at 0.05% and 0.01% level of probability plant height (PHT), ear height (EHT), number of ears /plot (NE/P), 

ear length (EL), ear diameter (ED), number of row ear-1 (RPE), number of kernels per row (KPR), 100 kernels weight (KWT), and 

grain yield (ardab /fed ). 
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by Gouda et al., (1992) ,  Gouda et al.,(2009), 

Mehasen and El-Gizawy (2010) and El-Badawy 

and Mehasen (2011).  

3.3. Effect of N rates 

   Results presented in Table (4) show that the 

increase in N-rate caused an increase in yield 

and yield traits of maize in the combined 

analysis by increasing N-level up to 150 kg N 

/fed. The highest values of plant height, ear 

height, ear length, ear diameter, number of rows 

ear
-1

, and number of kernels ear
-1

 and 100 kernel 

weight were obtained with fertilizer level of 

135kg N/fed. Increasing N-rates to 150 kg N/fed 

led to increases in grain yield fed
-1

 at Gemmeiza 

location, while for Mallawy location, the highest 

values of ear diameter and grain  yield were 

obtained by 135 kg nitrogen, while 150 kg 

nitrogen gave the highest values of plant height, 

ear height, kernels/row and grain yield. Russell 

(1973) stated that the higher the nitrogen 

supplies the more rapidly the synthesized 

carbohydrates which are converted to proteins 

and to protoplasm while the small proportion left 

available for cell wall material. Furthermore, the 

increase in grain yield fed
-1

 is attributed mainly 

to the increases in yield components. These 

results are in harmony with those of Atia and 

Mahmoud (2006), Gouda et al. (2009), Kandil 

(2013), Mitiku and Asnakech (2016). 

3.4. Effect of interaction  

At Gemmeiza location, the interaction 

between maize hybrids and N fertilization levels 

Table (5) had a significant effect on plant height, 

ear height, 100 kernel weight and grain yield 

ardabfed
-1 

across two years. The highest values 

of plant height (282.50 cm) and ear height 

(163.13 cm) were obtained by TWC 324 hybrid 

when received 150 kg N fed
-1

, while the lowest 

value of plant height (235 cm) was obtained by 

TWC 354 hybrid under 135 kg N/fed. The 

highest mean values of the number of row sear
-1

 

and grain yield ardab fed
-1

 were 15.9 and 33.08 

 

Table (4): Effect of nitrogen fertilization levels on grain yield and its traits of maize hybrids at 

Gemmeiza and Mallawy locations over two seasons.  

Locations Hybrids PHT EHT NE/P EL ED RPE KPR KWT Y 

 

Gemmeiza 

120kg N 251.56 144.38 53.66 20.42 4.80 14.54 44.73 36.31 25.15 

135kg N 257.66 147.50 53.75 20.60 4.84 14.55 45.35 36.81 26.81 

150kg N 257.50 146.25 55.16 20.45 4.80 14.43 43.94 36.61 30.05 

 LSD at 0.05 % 4.264 NS 1.043 NS NS NS NS NS 1.17 

 

Mallawy 

120kg N 225.22 120.28 54.03 20.21 5.13 14.22 40.55 37.95 26.69 

135kg N 224.06 118.13 53.69 20.72 5.12 14.48 41.29 38.86 28.03 

150kg N 229.25 121.66 53.91 20.36 5.14 14.12 41.82 38.36 30.14 

 LSD at 0.05 % NS NS NS NS NS NS NS NS 2.55 
plant height(PHT), ear height (EHT), number of ears /plot(NE/P), ear length (EL), ear diameter (ED), number of row/ear 

(RPE), number of kernels/row (KPR), 100 kernel weight (KWT), and grain yield  (ardab /fed ). 

 

Table (3): Mean performance of three- way maize hybrids at Gemmeiza and Mallawy across years (combined 

analysis). 

Locations Hybrids PHT EHT NE/P EL ED RPE KPR KWT Yield 

 

Gemmeiza 

TWC324 270.83 153.96 54.21 21.63 4.76 13.54 46.36 38.35 31.29 

TWC329 273.96 157.50 53.67 20.78 4.85 14.17 44.30 37.12 27.66 

TWC353 237.92 133.75 53.96 19.07 4.88 15.94 41.90 35.63 24.01 

TWC354 239.58 138.96 54.92 20.48 4.78 14.37 46.13 35.22 26.36 

 LSD at 0.05 % 5.52 5.09 0.88 0.78 0.08 0.52 1.11 0.73 1.28 

Mallawy TWC324 240.54 129.67 54.58 21.83 5.12 13.90 43.28 40.65 29.97 

TWC329 243.25 129.96 53.63 20.34 5.15 14.37 40.73 39.53 28.86 

TWC353 210.25 109.46 53.50 19.64 5.15 14.70 40.11 35.68 26.11 

TWC354 210.67 111.0 53.79 19.90 5.12 14.11 40.77 37.70 28.19 

 LSD at 0.05 % 8.61 6.48 NS 0.69 NS NS 1.74 1.49 2.05 
plant height(PHT), ear height (EHT) number of ears /plot(NE/P), ear length (EL), ear diameter (ED),  number of row /ear (RPE), 

number of kernels /row (KPR), 100 kernel weight (KWT), and grain yield (ardab /fed ). 
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ard/fed
-1 

(Fig. 1), respectively obtained by 

TWC353 hybrid when received 150 kg N/fed. 

Whereas, the lowest values of kernelsrow
-1

 and 

grain yield fed
-1

 were 40.28 and 20.84 

ardab/feddan, respectively obtained by TWC353 

and TWC324 hybrid under 150 kg N/fed similar 

results were reported by Eraky et al. (1982), 

Gouda,1997 and Gouda  et al., 2009. 

Concerning Mallawy location the highest 

values of plant height (250.13 cm) and ear height 

(138.13 cm) were obtained by TWC 329 hybrid 

when received 135 kg N/fed, while the lowest  

Values of plant height (197.38 cm) were 

obtained by TWC 353 hybrid under 135 kg N/ 

fed. The highest mean values of the number of 

row/ear and grain yield fed
-1

 were 15.15 and 

33.04 ard./fed.(Fig. 2), respectively, obtained by 

TWC353 hybrid when received 135 and 150 kg 

N/fed.Whereas, the lowest values of kernels/row 

and grain yield fed
-1

 were 39.10 and 25.01 

ardabfeddan
-1

, obtained by TWC329 and 

TWC324 hybrid under 120 and 135 kg N/fed. 

These results are in agreement with the findings 

of Gouda et al. (1992) and Akmal et al. (2010).   

 

Table (5): Effect of maize hybrids and N fertilization levels interaction on grain yield and some of its 

attributes in combined analysis. 

 

Hybrids 

 

Locations 

PHT EHT NE/P 

N level
-1 

120 135 150 120 135 150 120 135 150 

TWC324 Gemmeiza 255.00 282.50 275.00 146.88 163.13 151.88 54.00 53.25 55.38 

Mallawy 238.38 240.13 243.13 131.13 127.25 130.63 55.37 53.25 55.13 

TWC329 Gemmeiza 273.75 275.63 272.50 159.38 160.0 153.13 53.25 53.63 54.13 

Mallawy 230.50 250.13 249.13 119.0 138.13 132.75 53.62 54.37 52.88 

TWC353 Gemmeiza 236.88 237.50 239.38 135.00 130.00 136.25 53.38 53.63 54.88 

Mallawy 221.37 197.38 212.0 116.13 102.37 109.88 53.50 53.00 54.00 

TWC354 Gemmeiza 240.63 235.00 243.13 136.25 136.88 143.75 54.00 54.50 56.25 

Mallawy 210.63 208.63 212.75 114.88 104.75 113.3 53.62 54.13 53.63 

  LSD 

 at 0.05 

Gemmeiza 9.56 8.82 NS 

Mallawy 14.92 11.23 NS 

 

Hybrids 

 

Locations 

EL ED RPE 

N level
-1 

120 135 150 120 135 150 120 135 150 

TWC324 Gemmeiza 21.60 21.53 21.68 4.7 4.82 4.75 13.48 13.35 13.80 

Mallawy 21.30 22.05 22.13 5.03 5.15 5.15 13.75 14.40 13.55 

TWC329 Gemmeiza 20.93 21.05 20.38 4.85 4.9 4.8 14.19 14.58 13.75 

Mallawy 19.75 20.55 20.73 5.18 5.13 5.15 14.45 14.25 14.40 

TWC353 Gemmeiza 19.13 19.15 18.93 4.88 4.88 4.87 15.91 16.01 15.90 

Mallawy 20.25 20.08 18.60 5.18 5.13 5.15 14.52 15.15 14.42 

TWC354 Gemmeiza 19.93 20.68 20.83 4.78 4.78 4.78 14.58 14.26 14.28 

Mallawy 19.52 20.20 20.00 5.15 5.07 5.13 14.15 14.10 14.42 

  LSD 

 at 0.05 

Gemmeiza NS NS NS 

Mallawy NS NS NS 

 

Hybrids 

 

Locations 

KPR KWT Y 

N level
-1 

120 135 150 120 135 150 120 135 150 

TWC324 Gemmeiza 47.48 45.05 46.55 38.71 38.41 37.91 28.74 26.77 20.84 

Mallawy 41.88 42.90 45.05 39.90 42.17 39.90 27.19 25.01 26.86 

TWC329 Gemmeiza 42.75 45.40 44.75 36.30 37.32 37.74 24.24 32.06 26.79 

Mallawy 39.10 41.57 41.50 38.12 39.97 40.50 27.71 29.68 29.77 

TWC353 Gemmeiza 42.48 42.95 40.28 36.20 36.40 34.28 23.30 25.05 33.08 

Mallawy 40.63 40.47 39.22 37.75 34.80 34.50 25.99 26.64 33.04 

TWC354 Gemmeiza 46.20 48.00 44.18 34.04 35.13 36.50 29.43 27.88 29.78 

Mallawy 40.60 40.20 41.50 36.02 38.52 38.57 31.80 25.48 30.21 

  LSD 

 at 0.05 

Gemmeiza 1.93 1.28 2.22 

Mallawy NS 2.59 3.59 
plant height(PHT), ear height (EHT), number of ears /plot(NE/P), ear length (EL), ear diameter (ED), number of row /ear 

(RPE), number of kernels/row (KPR) , 100 kernels weight (KWT), and grain yield (ardab /fed ). 
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Fig. (1): Effect of interaction between nitrogen fertilization and maize hybrids on grain yield at 

Gemmeiza location over two seasons. 
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Fig. (2): Effect of interaction between nitrogen fertilization and maize hybrids  on grain yield at 

Mallawy location over  two seasons. 
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Table (6): Correlation coefficients between yield and yield attributes over maize hybrids and over 

seasons at Gemmeiza location. 

Characters X1 X2 X3 X4 X5 X6 X7 X8 Y 

Plant height  X1 1         

 Ear height    X2 0.89
** 

1        

 N. ears /plot X3 -0.21
* 

-0.17 1       

Ear length      X4 0.44
** 

0.38
** 

-0.09 1      

Ear diameter X5 0.37
** 

0.29
** 

-0.42
** 

0.23
* 

1     

Row/ear         X6 -0.25
* 

-0.28
** 

-0.09 -0.20
* 

0.37
** 

1    

Kernel/row    X7 0.13 0.11 0.16 0.48
** 

-0.45 -0.29
** 

1   

Kernel weight X8 -0.04 -0.08 0.27
** 

-0.03 -0.49
** 

-0.37
** 

0.15 1  

Yield               Y 0.32
** 

0.29
** 

0.19 0.36
** 

-0.09 -0.49
** 

0.12 0.29
** 

1 

 

3.5. Simple correlation  

At Gemmeiza location the simple correlation 

Coefficients   between   each    two   traits   were  

calculated in the combined analysis across years. 

The association between grain yield fed
-1

 and its 

related traits in maize plants gives very useful 

information for the plant breeder who wants to 

incorporate desirable traits. Table (6) shows 

highly significant and positive correlation values 

between grain yieldfed
-1

, plant height, ear height, 

ear length, and 100 kernel weight. Meanwhile 

highly significant and positive correlation values 

were detected between ear diameter and each of  

plant was a positive and highly significant 

association between ear length and each of  plant 

height, ear height, and ear length. Also, there 

height and ear height. Kernels per row had 

highly significant and positive correlation with 

ear length. Moreover, highly significant and 

negative correlation values were detected 

between 100 kernel weight and each of ear 

diameter and number of rows per ear. These   

results  are  in  agreement  with  those obtained 

by El-Badawy and Mehasen (2011) and 

Mehasen et al. (2015). 

These findings indicate that indirect selection 

for each or both plant height, ear height, ear 

length, and 100 kernel weight are accompanied 

by high yielding and more effective for the 

improvement of grain yield in maize.  These 

results are in agreement with those obtained by 

Eraky et al., (1983) and Mehasen et al. (2015). 

 At Mallawy, the estimates of simple 

correlation coefficients for all comparisons 

between the studied traits are presented in Table 

(7). Grain yield had a positive and significant 

correlation with the number of ears /plot, ear 

length, kernels/row and kernel weight. Also, 

there was a positive and highly significant 

association between kernel weight and each of  

plant height, ear height, ear length and kernels 

/row. These results are in line with those 

reported by Khodarahmpour and Hamidi (2012) 

and Zamaninejad et al. (2013). 

3.6. Factor analysis 

At Gemmeiza location, the factor analysis 

technique divided the nine studied traits into 

three independent groups or factors which 

explained 69.262 % of the total variability in the 

dependence structure. The factors were 

constructed by applying the principal component 

approach to establish the dependent relationship 

between yield attributes in maize. For 

interpretation only, factor loadings greater than 

0.5 were considered important (Seiler and 

Stafford, 1985). Summary of the composition of 

variables of the three extracted factors with 

loadings are given in Table (8). Factor 1 

included three variables which accounted for 

27.262 % of the total variability. The three 

variables were the plant height, ear height, and 

grain yield. The three variables had high 

communality with factor 1. 

Factor 2 was made up of the number of ears 

per plot, ear diameter, rows per ear and 100 

kernel weight. The sign of the loading values 

indicates the direction of the relationship 

between the factor and its related traits. It 

accounted for 25.289 % of the total variability in 

the dependence structure.                                                                          

Factor 3 was responsible for 16.711 % of the 

total variability in the dependence structure. It 

included the two characters ear length and 

kernels per row. These results are in agreement 

with Mehasen and Al-Fageh (2004). 

Bharathiveeramani and Prakash (2012) found 

that using Factor Analysis by plant breeders has 

the potential of increasing the comprehension of 

the casual relationship of variables and can help 

to determine the nature and sequence of traits to  
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Table (7): Correlation coefficients between yield and yield attributes over maize hybrids and over seasons at 

Mallawy location. 

Characters X1 X2 X3 X4 X5 X6 X7 X8 Y 

Plant height X1 1         

Ear height    X2 0.89 1        

N. ears /plot    X3 -0.17 -0.03 1       

Ear length      X4 0.25
** 

0.30** 0.07 1      

Ear diameter X5 -0.10 -0.18 -0.23* 0.23* 1     

Rows/ear         X6 -0.11 -0.07 -0.09 0.08 0.44** 1    

Kernel/row    X7 0.26
** 

0.34** 0.18 0.56** -0.05 0.11 1   

100 Kernel weight X8 0.48
**1 

0.39** 0.18 0.48** 0.02 -0.14 0.29** 1  

Grain yield       Y 0.11 0.18 0.63** 0.35** -0.01 -0.02 0.34** 0.47** 1 

 

Table (8): Summary of factor loadings for nine traitss of maize at Gemmeiza location over two seasons. 

Variable Loading %  Communality Eigen values % of variance 

Factor 1    

2.454 

 

27.262 Plant height 0.911 0.872 

Ear height 0.898 0.830 

Grain yield 0.539 0.570 

Factor 2    

2.276 

 

25.289 Number of ears /plot 0.564 0.415 

Ear diameter -0.797 0.730 

Rows/ear -0.647 0.644 

Kernels weight 0.763 0.583 

Factor 3    

1.504 

 

16.711 Ear length 0.758 0.752 

Kernels/row 0.900 0.837 

Cumulative variance    69.262 

 

be selected in a breeding program. 

At Mallawy location, the factor analysis 

technique divided the nine studied traits into 

three independent groups or factors which 

explained 73.516 % of the total variability in the 

dependence structure. Summary of the 

composition of variables of the three extracted 

factors with loadings are given in Table (9). 

Factor 1 included three variables which 

accounted for 28.173% of the total variability. 

The three variables were plant height, ear height 

and 100 kernel weight. The three variables had  

 

high communality with factor 1.  

Factor 2 was made up of the number of 

ears/plot, ear length, kernels per row and grain 

yield. The sign of the loading values indicates 

the direction of the relationship between the 

factor and its related traits. It accounted for 

24.759 % of the total variability in the 

dependence structure.                                                                          

Factor 3 was responsible for 20.584 % of the 

total variability in the dependence structure. It 

included the two characters ear diameter and 

rows per ear. 
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Conclusion 

It could be recommended that fertilizing 

TWC353 maize hybrid by 150 kg N fed
-1

 could 

achieve the highest grain yield at two locations. 

Highly significant and positive associations were 

obtained between grain yield ardabfed
-1

 and each 

of plant height, ear height, ear length, and 100 

kernel weight at Gemmeiza location. While at 

Mallawy location, grain yield had a positive and 

significant correlation with the number of ears 

per plot, ear length, kernels/row and 100- kernel 

weight. Factor analysis classified the nine 

studied traits, as grain yield components, into 

three main factors explained 69.26 and 73.516 % 

of the total variability in the dependent structure 

at Gemmeiza and Mallawy locations, 

respectively. using of factor analysis by plant 

breeders has the potential of increasing the 

comprehension of the casual relationship of 

variables and can help to determine the nature 

and sequence of traits to be selected in a 

breeding program. 
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للذرة الشامية للمعدلات المتزايدة  استجابة الهجن الثلاثية عوامل لدراسةالعدد  قليلوت الارتباط مإستخدا

 السماد النيتروجينى من

 

هدى السيد العربى ابراهيم  - أشرف كمال مصطفى - مها جلال محمد بلبع –محمود بيومى عبد الجواد الكومى 
*

 

 

                                              –المعمل المركزي لبحوث التصميم والتحليل الاحصائى *  –معهد بحوث المحاصيل الحقلية  - قسم بحوث الذرة الشامية

 مصر –الجيزة  –مركز البحوث الزراعية 

 

 ملخص

من الإنتاجية، كما  استجابة الذرة لمستويات التسميد النيتروجيني العالية وسيلة من الوسائل لمعرفة أقصى قدرتشكل  

هذه الدراسة  لذا اجريت  .ستخدام مستويات عالية من النيتروجينبإ عالية لتحقيق إنتاجيةالوراثي للهجين  نتخابيرتبط الا

تم إجراء التجربة في موقعين . ىالنيتروجين متزايدة من السماد معدلاتل ض هجن الذرة الثلاثيةعبلتعرف على استجابة ل

وقد  . 6102و  6102في أربعة مكررات خلال موسمي  المنشقة مرة واحدةقطع التصميم إستخدام  مع  (وملوي ةجميز)

 بإستخدام (فدان/ اردب 00.13) المحصول و (1..0) الكوز وفعلى القيم لعدد صفأ TWC353 الثلاثى  سجل الهجين

والمحصول   (.0..0)الكوز  عدد صفوفلكذلك حقق نفس الهجين اعلى القيم  .للفدان وذلك فى موقع الجميزة  N كجم 0.1

 موجبمعنوي وى عالارتباط  اظهرت النتائج وجود .لوىبموقع م للفدان N كجم 0.1و.00فدان بإستخدام /اردب (00.14)

فى موقع ملوى كان بينما . وارتفاع النبات وارتفاع الكوز ووزن الحبوب فى موقع الجميزة للفدان بين محصول الحبوب 

 وزنالكوزوعدد حبوب الكوزوطول الكوزو لمحصول الحبوب علاقة ارتباط معنوية وذات دلالة إحصائية معنوية مع 

  ثلاثة عوامل رئيسيةموضع الدراسة للمحصول ومكوناته الى  صفاتتسع الوقد صنف تحليل العوامل المكونة من  .بوبالح

شمل ارتفاع النبات، ارتفاع يالكلي و تباين٪ من ال62.62عن  الأول مسئولاوكان العامل  من التباين الكلى٪ 21.62لثتم

هذا العامل  وساهم. صفوف الكوز ووزن الحبوب عددلكوزواقطر و كيزانال عدد الثانى يضمعامل ال.صولحلما، ولكوزا

من  ٪ 02.200 الذى يشكل العامل الأخير صفوف الكوز تضم عدد و الكوزطول بينما . التباين الكلى٪ من 61..6 بنسبة

موقع  بينما . وذلك فى موقع الجميزة (قطرالكوزوعدد  صفوف الكوز)وشملت صفتين فقط من صفات الدراسة  التباين الكلى

التباين ٪ من 63.020تمثل  صفاتثلاثة  الأولوشمل العامل . ٪ من التباين الكلي02..20ضم ثلاثة عوامل تمثل ملوي 

وكانت المتغيرات الثلاثة ذات علاقة عالية . حبوبووزن ال لكوزالثلاثة هي ارتفاع النبات وارتفاع ا الصفاتوكانت . الكلى

حبوب ، ولكوز، وطول اعددالكيزان ويضم صفات ٪ من التباين الكلى64.2.1شكل  الثانى عامل ال. الأولمع العامل 

ويضم صفتين هما قطر الكوزوصفوف  الكلى التباين٪ من 34..61لا عن ئومس الثالث وكان العامل. محصولوالالكوز

 . الكوز
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