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Abstract 

Intensive crop rotation and imbalance fertilizer use have resulted in a wide range of nutrients deficiency in 

fields. For intensive cropping systems, the current recommended fertilizers rates need revision upwards with in 

balance ratio of vital micronutrients specific to crop to enhance stagnant yields. Two field experiments were 

carried out at the Agric. Exp. Sta., Fac. Agric., Cairo University, Egypt during 2014/2015 and 2016/2017 seasons 

to study the effect of preceding winter crops (Wheat or Egyptian clover), nitrogen levels (90, 120 and 150 kg 

N/fed.) and foliar minerals application (Control, potassium sulphate and micronutrient compound of high zinc as 

well as their interaction) on growth and yield of Zea mays L. cv. single cross 131. The experimental design was 

split- split plot design with three replications. Results showed that maize planted after Egyptian clover provided 

the highest grain yield per plant (201.1 and 250.4 g), grain yield per fed. (3.474and3.487 ton) as well as harvest 

index (0.35 and 0.25 %) as compared to maize sown after wheat for both seasons, respectively. Increasing N rates 

from 90 to 120 kg/fed.and from 120 to 150 kg/fed.increased grain yield/plant by about 5.2% and 1.9% in the 1st 

season, corresponding to 2.9 % and 1.9% in the 2nd season, respectively. Increasing N rates from 90 to 120 

kg/fed.and from 120 to 150 kg/fed increased grain yield/fed by about 24.6% and 12.8 % in the 1st season, 

corresponding to 25.9 % and 12.1 % in the 2nd season, respectively. Maize plants grown after Egyptian clover and 

receiving 150 kg N/fed.with the applied micronutrients and k foliar spray gave the highest grain yield/fed. (4.083 

and 4.139 ton)in both seasons. The lowest value of grain yield/fed.was shown when maize was grown after wheat 

and receiving 90 kg N/fed.with foliar application of micronutrients and k sulfate in both seasons. Maize grown 

after Egyptian clover and receiving 120 kg N/fed.and foliar application of micronutrients and k sulfate is 

recommended for maize production. On the other hand, maize grown after wheat with application of150 kg N/fed 

and foliar application of micronutrients and k sulfate is recommended for maize production. Regression analysis 

reveal the relation between the two variables, i. e., preceding crops (x) and Grain yield/fed (y) there was a linear 

relation, and, highly significant (P≤0.01) correlation coefficient (r=1) during the first and second seasons.  Linear 

regression equation for N rates suggested that increase in one unit (30 kg/fed.) led to increase grain yield/fed.by 

0.35 ton/fed.during the first and second seasons. 
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Introduction 

 

Maize is one of the high noteworthy crops due to 

its importance in nutrition of livestock and poultry 

overall the world. In Egypt maize (Zea mays L.) is the 

third most important staple food crop in terms of area 

and production after wheat and rice. Total area under 

cultivation of maize in Egypt is 888329 ha about 25.17 

% of the total cultivated agricultural land while 

average yield is 7.80 ton ha-1. Maize is about 21.90 % 

of the total cereals production (FAO, 2016).  

Improving maize productivity has been a major 

goal for maize researchers in Egypt. The Egyptian 

government aims to decrease the gap between 

consumption and production by increasing grain yield 

per unit area of the agricultural land. There are several 

approaches to increase crop productivity among of 

them: improving farming practices, employing 

merging technology, using modern and high yielding 

maize hybrids which are more efficiently for using 

nitrogen and more response to high rate of nitrogenous 

fertilizer to achieve high grain yield. 

Varvel and Peterson (1990) stated that crop 

rotation reduced inorganic nitrogen fertilizer needs 

and at the same time reduced the available of nitrogen 

from leaching, both of which were important for 

increasing crop yields. Many investigators showed 

that winter legumes are the ideal preceding crops for 

maize. Bader, 1999; Shams, 2000; Khalil et al., 2001; 

El-Douby, 2002 and Toaima and Saleh, 2003 showed 

that wheat as preceding crop stimulated maize to be 

more responsive to utilize N applied as compared to 

legume as preceding crops. El-Gizawy (2009) 

demonstrated that sowing maize after faba bean gave 

the highest values of grain yield and its components. 

Egyptian soils are known to be poor in available 

nitrogen due to their low content of organic matter and 

the small amounts of organic manures added annually. 

Nitrogenous fertilizers are one of the most important 

factors for crop growth, high yield and yield 

components. Where, nitrogen plays an essential role 

in many compounds essential for plant growth, 

chlorophyll and many enzymes. It is considered the 

key element in increasing crops productivity, also, 
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helps in the use of P, K and other elements in plants. 

Nitrogen is vital in crop productivity which plays a 

role in accelerating yield and gave optimum economic 

return. Its deficiency will constitutes in low yield and 

productivity in cereal crops. Excessive N fertilization 

may result in low nitrogen use efficiency (NUE) and 

potentially exerts more pressure on the environment. 

Efficient nitrogen use by maize permits use of 

appropriate source in an adequate amount, at proper 

timing and suitable application rates. The positive 

effects of N application on growth and yield of maize 

were demonstrated by several investigations. El-

Gizawy (2009) at Moshtohor, Kalubia Gov., Egypt in 

clay soil found that growth, yield of maize and yield 

components significantly increased with increasing 

the rate of N fertilizer up to 120 kg N/fed. Onasanya 

et al. (2009) in southern Nigeria in sandy loam soil 

showed that application of 120 kg N/ha. significantly 

increased the growth of maize. Wasaya (2011) at 

Faisalabad, Pakistan in sandy clay loam soil reported 

that increasing nitrogen application rate had positive 

impact on growth, yield component sand yield. Maize 

yield with 200 kg ha-1 nitrogen application was 17% 

and 8.50% higher than 100 and 150 kg ha-1 nitrogen 

application respectively. Dawadi and Sah (2012) in 

Nebal in sandy loam soil indicated that increasing 

nitrogen levels from 120 kg ha-1 to 200 kg ha-1 

enhanced the plant height, grain yield and stover yield 

of hybrid maize whereas, increasing nitrogen levels 

decreased harvest index and grain / stover ratio. 

Khan et al. (2012) in Peshawar, Pakistan showed 

that increase of nitrogen levels enhanced final seed 

yield due to increase of seed number in each ear. Also, 

nitrogen levels were significantly affected the maize 

plant height. The tallest plants were recorded under 

120 and 150 kg N ha-1 and the greatest grain yield of 

maize (1.5 ton ha-1) was found under the 160 kg N ha-

1. Kandil (2013) at Alexandria University, in clay 

loamy soil found that the maximum plant height, leaf 

area index (LAI), harvest index and protein content 

were produced by the application either 429 or 357 kg 

N ha-1.Wei et al. (2016) at Shandong, China in sandy 

loam soil observed that, the rate of photosynthesis 

decreased significantly under N deficiency and this 

response was associated with leaf senescence.  

Potassium interacts with most of the essential 

macronutrients, secondary nutrients, and 

micronutrients. Aslam et al. (2013) reported that 

potassium application enhanced root growth and stem 

elongation. Similarly, potassium increased leaf water 

potential, osmotic potential and turgor potential under 

drought stress. Application of potassium enhanced the 

photosynthetic rate and has better effect on other 

attributes. Potassium enhanced the yield and yield 

related parameters of maize crop. 

Micronutrients are required in small amounts and 

they affect directly or indirectly photosynthesis, vital 

processes in plant such as respiration, protein 

synthesis, reproduction phase (Marschner, 1995). El-

Akabawy et al. (2001) stated that the beneficial effects 

of micronutrients application were recorded by many 

workers on soils of Egypt. Salem and El-Gizawy 

(2012) reported that micronutrient fertilization using 

Zn + Mn + Fe treatment was the most effective 

treatment in all studied maize traits. Foliar spraying 

gave the highest values of ears/plant, grains/ear, 100-

grain weight and grain yield in both seasons. 

Manganese has an essential role in amino acid 

synthesis by activating a number of enzymes 

particularly, decarboxylases and dehydrogenases of 

the tricarboxylic acid cycle (Marschner, 1995). El-

Gizawy (2000) found that the highest grain yield was 

recorded by foliar application or grain soaking with 

Mn. Iron is a constituent of many enzymes involved 

in the nutritional metabolism of plant (Marschner, 

1995 and Kabata-Pendiasand Pendias, 1999). Zinc 

plays an important role as a metal component of 

enzymes (superoxide dismutase, carbonic anhydrase 

and RNA polymerase) or as a functional, structural, or 

regulator cofactor of a large number of enzymes 

(Marschner, 1995 and Kabata-Pendias and Pendias, 

1999). Rego et al. (2007) reported an increase in grain 

yield of maize by Zn application was achieved. 

The present study aimed to identify the nitrogen 

fertilizer requirements as a soil application as well as 

potassium sulfate and micronutrient compound as 

foliar application on growth and grain yield of maize 

preceded by wheat or Egyptian clover. 

 

Materials and Methods 

 

Two field experiments were carried out at Agric. 

Res. Exp. Sta. Giza, Fac. Agric., Cairo University, 

Egypt. The aim was to assess the effect of N rates and 

foliar application of micronutrients and K sulfate on 

growth and grain yield of maize grown after wheat or 

Egyptian clover. Physical and chemical properties of 

the soil were determined according to the standard 

procedures described by Black (1965).The 

mechanical and chemical analysis characteristics of 

the experimental soil at 30 cm depth before sowing 

winter crops and maize in 2015 and 2017 seasons are 

shown in table1. 

Each experiment included 24 treatments which 

were the combination of two preceding crops (wheat 

or Egyptian clover), three N rates (90, 120 and 150 kg 

N/fed) and four foliar applications for K sulfate and 

micro-nutrient compound (Control,1g/l 

micronutrients compound high in its zinc content (Fe 

1.5%, Mn 1.5%, and Zn 4.5 %), K sulphat (1%) and 

Micro + K). The experimental design was splitsplit 

plot based on randomized complete block design with 

three replications. The studied two preceding crops 

which considered as the main factor. Nitrogen rates as 

subplots and foliar application for K and 

micronutrients compound as sub-sub plots. Plot size 

was 14 m2 having 5 ridges of 4 m in length and 0.7 m 

in width. 
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Table 1. Physical and Chemical characteristics of the experimental soil (30 cm depth) before sowing winter crops 

and maize in both seasons. 

Parameter 

Before 

Winter 

crops 

Before sowing maize 

After 

wheat 

After 

clover 
After wheat 

After 

clover 

                      2015 season 2017 season 

Physical  characteristics      

Cors sand  ( % ) 3.88 3.72 3.73 3.72 3.73 

Fine sand (%) 31.42 31.44 31.45 31.44 31.42 

Silt    ( % ) 29.11 29.20 29.21 29.20 29.19 

Clay  ( % ) 35.59 35.64 35.65 35.64 35.66 

Texture Clay loam Clay loam Clay loam Clay loam Clay loam 

Chemical  characteristics 

E.C. dS/m 0.64 0.21 0.13 0.53 0.49 

pH 8.36 8.96 8.37 7.95 7.85 

CaCO3 (%) 3.60 5.20 4.40 6.80 6.80 

Organic matter (%) 1.78 1.89 2.56 2.04 2.69 

Macronutrients (mg/100g soil)      

P 1.05 1.10 1.66 1.15 1.84 

K 23.00 26.00 36.40 32.00 44.4 

Na 32.00 36.00 52.40 73.00 78.00 

Ca 480.0 527.0 598.0 630.0 782.0 

Mg 110.0 112.0 184.0 120.0 200.0 

Micronutrients (ppm)      

Fe 5.30 12.30 14.00 12.50 15.2 

Mn 1.50 1.00 1.44 1.48 2.10 

Zn 1.00 1.11 1.38 2.80 3.80 

Cu 1.00 1.22 1.32 2.60 3.20 

 

Maize cv. S.C.131 (developed by Maize 

Res.Sec. Agric. Res. Center, Giza, Egypt) was sown 

on 1th May in 2015 and 2017 growing seasons. Two 

maize kernels were hand sown in hills spaced25cmon 

ridges spaced 70cm. Phosphorus fertilizer was applied 

before planting at the rate of 150kgcalcium super 

phosphate (15.5% P2O5)/fed. Plots were hand-thinned 

at the V3-V4 leaf stage (before the 1st irrigation) to one 

plant per hill. Ammonium nitrate (NH4NO333.5 N %) 

was applied as the nitrogen source in both seasons, 

which was applied in two equal doses, at the V3-V4 

and at V5-V6 leaf stage (before the 1st and 2nd 

irrigations). Potassium fertilizer in the form of 

potassium sulphate with rate1% applied as foliar 

application, micronutrient compound high in zinc was 

applied as foliar application with rate at 1g/liter (Fe 

1.5%, Mn 1.5%, and Zn 4. 5%) two times at 45 and 60 

day after sowing. The plots were hand hoed twice for 

controlling weeds before the first and second 

irrigations. 

 

The studied traits:  

 

1- Growth characteristics: After 75 days from 

planting five random maize plants were taken from 

each plot to determine total dry weight/plant. 

Average length and width was calculated for each 

plant and then multiple with the maize correction 

factor of 0.75 to find out the leaf area/plant. Leaf 

area index (LAI) was calculated by the formula: 

LAI= Leaf area/ Land area. 

2- Yield parameters: At harvest, plant height and 

grain yield/plant were recorded on ten guarded 

plants from each plot. Grain yield ton/feddan was 

calculated by weighting grain yield (Kg) from the 

whole area of each experimental unit (sub-plot, 

each sub-plot consists of 4 ridges) and then 

adjusted into ton per fed. The grain yield ton/fed. 

was adjusted on the basis of 15.5% grain moisture 

content. Harvest index (H.I. %): H.I. = Economic 

yield/biological yield × 100 according to Clipson 

et al. (1994). 

 

Statistical analysis  

Data were statistically analyzed according to 

Gomez and Gomez (1983) using the MSTAT-C 

Statistical Software Package (Freed, 1991) and for 

drawing the diagrams, 

Excel software was used.  Where the F-test 

showed significant differences among means, least 

significant differences (LSD) test was performed at 

the 0.05 level of probability to separate means. 

 

Results and Discussion 

 

Some agronomic traits of maize as affected by 

previous crop (wheat or Egyptian clover) 

Data presented in Table 2 showed the effects of 

preceding winter crops on total dry weight, LAI, plant 

height, grain yield/plant, grain yield/fed and harvest 

index. Results clearly showed that total dry weight, 

LAI and plant height of maize preceded by Egyptian 
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clover were higher by (59.5 and 24.1%), ( 9.8 and 

4.4%) and ( 2.2 and 2.0%)  than those of maize plants 

preceded by wheat in both seasons, respectively. 

Planted maize sowed after Egyptian clover gave the 

highest grain yield per plant (201.1 and 250.4 g), grain 

yield per fed. (3.474and3.487 ton) as well as harvest 

index (0.35 and 0.25 %) than maize sowed after wheat 

for both seasons, respectively (Table 2 and Fig.1). 

These increases correspond to (10.3 and 7.9%) for 

grain yield/plant and (14.4 and 13.3 %) for grains 

yield/fed. in the first and second seasons, respectively. 

(Table 1)These results could be attributed to the effect 

of Egyptian clover as a legume forage crop in 

enriching the soil with N, organic matter residue 

which improve the physical, chemical and biological 

characteristics of the soil and then induced better 

growth of the following maize. These results are in 

agreement with those obtained by Shams (2000), Abd 

El-All (2002) and El-Gizawy (2009) who found that 

maize grown after legume crops gave higher yield 

than after cereal crops.   

 

Table 2. Effect of preceding crop, N rate and foliar application of micronutrients and K sulfate on some growth, 

yield and harvest index traits of maize in 2015 and 2017 seasons. 

Treatment 

Total dry 

weight/plant 

(g) 

Leaf area 

index 

Plant 

height (cm) 

Grain 

yield/plant 

(g) 

Grain yield 

(ton/fed.) 

Harvest 

index 

 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 

Preceding crop 

Wheat 589.4 880.5 5.1 6.8 216.0 230.3 182.3 232.0 3.038 3.078 0.30 0.26 

Egyptian clover 940.3 1092.4 5.6 7.1 220.7 234.9 201.1 250.4 3.474 3.487 0.35 0.25 

F test ** ** * ** * ** ** ** ** ** ** * 

N rates kg/fed 

90 632.7 944.4 5.2 6.9 214.9 231.9 184.3 228.8 2.676 2.684 0.32 0.25 

120 766.7 1040.9 5.3 7.0 220.5 233.0 194.9 240.8 3.333 3.378 0.33 0.25 

150 895.2 974.0 5.4 7.0 219.6 232.8 195.9 254.1 3.759 3.786 0.33 0.26 

LSD 5% 14.7 25.1 ns ns ns ns 2.6 4.8 0.047 0.056 ns ns 

Foliar Application            

Control 421.7 943.2 4.1 6.4 197.2 226.5 141.1 224.2 3.149 3.180 0.30 0.28 

Micronutrients 823.1 1025.0 5.6 7.0 225.9 233.2 208.9 244.8 3.223 3.243 0.33 0.26 

K sulfate 890.5 978.9 5.7 7.1 224.8 236.2 206.7 244.9 3.287 3.305 0.33 0.24 

Micro + K 924.1 998.6 5.9 7.2 225.4 234.5 210.0 251.0 3.364 3.404 0.34 0.24 

LSD 5% 20.5 36.1 0.2 0.2 1.9 1.4 2.7 4.2 0.071 0.064 0.01 0.02 

*, ** significantly different at 0.05 and 0.01 probability levels, respectively, ns: not significant. 
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Fig.1. Relationships between wheat and Egyptian clover as a preceding winter crops and maize grain yield/fed. in 2015 and 

2017 seasons. 

     

Regression analysis reveal the relation between the 

two variables, i. e., preceding crops (x) and grain 

yield/fed(y) there was a linear relation and highly 

significant (P≤0.01) correlation coefficient (r=1) 

during the first and second seasons (Fig.1). Besides, 

R2 (coefficient of determination) revealed that it was 

possible to account up to 1 % of the variability in yield 

of grain yield/fed (y), to preceding crops during the 

first and second seasons. The relationship between 

preceding crops and grain yield/fed. was positive and 

followed the linear equation: of Y=2.602+0.436x and 

Y=2.669+0.409x, representing a positive value of (b), 

during the first and second seasons, resp., which 

means yield increase against when maize planted after 

Egyptian clover. 

 

Effect of nitrogen rate on some growth and yield 

traits of maize preceded in winter by wheat or 

Egyptian clover  

Data presented in table 2 showed the effect of N 

rates added to maize on total dry weight, grain 

yield/plant and grain yield/fed. of maize cv. Single 

cross 131 in 2015 and 2017 seasons. Results revealed 

that N rates resulted in significant positive effect on 

total dry weight; grain yield/plant and grain yield/fed. 

in both seasons. While, N rates showed insignificant 

effect on LAI, plant height and harvest index in both 

seasons. In the first season, increasing N rate from 90 

to 120 and 150 resulted in significant increment in the 

total dry weight, while in the second season the 

highest increment in total dry weight was obtained by 

increasing N rate only up to 120 kg/fed. The increment 

amounted to 21.2% and 14.5% in the first season as N 

rate increased from 90 to 150 kg/fed., respectively. 

While the highest increment in total dry weight 

reached to only 10.2% in the second season by 

increasing N rate from 90 to 120 kg/fed.   This increase 

in total dry weight/plant is mainly due to the role of N 

in stimulating the meristematic growth activity which 

contributes to the increase in number of cells in 

additions to cell enlargement. Similar findings were 

reported by El-Gizawy (2009), Onasanya et al. 

(2009), Wasaya (2011) and Dawadi and Sah (2012).    

Concerning grain yield/plant, data showed that 

increasing N rates from 90 to 120 and from 120 to 150 

kg/fed. Significantly increased grain yield/plant by 

about 5.8% and 0.5% in the first season, and by 5.2 

and 5.5% in the second season. The increase in grain 

yield/plant accompanying high N rate might have 

been due to the increase in total dry weight (Table 2). 

Such results are in accordance with those reported by 

El-Gizawy et al. (2009), Idikut et al. (2009), A high N 

application rate leads to more rapid leaf area 

development, prolongs leaf life, improves leaf area 

duration after flowering and increase overall crop 

assimilation, thus contributing to increased yield 

(Balasubramaniyan and Palaniappan, 2001).      

     The results in Table 2 showed that N 

application resulted in significant increase in grain 

yield/fed. The higher N rate (150 kg/fed.) was the 

most effective rate in increasing grain yield. 

Increasing N rates from 90 to 120 kg/fed. and from 

120 to 150kg/fed. increased grain yield/fed. by about 

24.6% and 12.8 % in the 1st season, corresponding to 

25.9 % and 12.1 % in the 2nd season, respectively. 

Such results clarified that N is essential for cell 

division and elongation as well as root growth and dry 

matter of maize plants (Marschner, 1995).  These 

results are in full agreement with those reported by Al-

Naggar et al. (2009), El-Gizawy (2009), Wasaya 

(2011) and Dawadi and Sah (2012). On the other hand, 

there is no significant difference in the yield of fed. 

after Egyptian clover between the nitrogen 

fertilization rate of 120 and 150 kg /fed. Therefore, it 

could be recommended to add up to 120 kg /fed. only 

to reduce costs and obtain economic yield increase. 

Results in Fig.2 indicated that regression analysis 

reveal the relations between the two variables, i. e., N 

rates (x) and grain yield/fed (y) indicated a linear 

relation as well as a highly significant (P≤0.01) 

correlation coefficient (r=0.94) occurred during the 

first and second seasons. Besides, R2 (coefficient of 

determination), revealed that it was possible to 

account up to 94 % of the variability in grain yield/fed. 

(y), to N rates (kg/fed.) during the first and second 

seasons, respectively. The relationship between N 
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rates and grain yield/fed. was positively and followed 

the linear equation: of Y=9.7+ 0.35x, representing a 

positive value of (b), during the first and second 

seasons, which mean yield increase against increase N 

rates (Fig. 2). Linear regression equation for N rates 

suggested that increase in one unit (30 kg/fed.) lead to 

increased grain yield/fed. by 0.35 ton/fed. during the 

first and second seasons. 

 

 

 

 
Fig. 2 Relationship between N rates and grain yield (ton/fed.) in 2015 and 2017 seasons. 

 

   

Effect foliar application of micronutrients and K 

sulfate on growth and yield traits of maize S.C. 131 

Foliar application technique is a particular way to 

supply macro and micro-nutrients which resulted in 

rapid absorption. Data presented in Table 2 revealed 

that the studied traits: total dry weights, leaf area 

index, plant height, grain yield per plant, grain 

yield/fed. and harvest index (H.I.) increased by 

applying micronutrients, K and their combination in 

both seasons. Table 2 showed that the highest values 

were obtained from spraying micronutrients and 

potassium together as compared to spraying both of 

them individually for the traits: total dry weight/plant 

(924.1 and 998.6 g), LAI (5.9 and 7.2), plant height 

(225.4 and 234.5 cm), grain yield / plant (210.0 and 

251.0 g), grain yield/fed. (3.364 and 3.404 ton) and 

harvest index (0.34 and 0.24) during the first and 

second seasons, respectively. 

On contrast, the control treatment showed the 

lowest value for the total dry weight/plant (421.7 and 

943.2 g), LAI (4.1 and 6.4), plant height (197.2 and 

226.5 cm), grain yield per plant (141.1 and 224.2 g) 

grain yield/fed. (3.149and3.180 ton) and harvest index 

(0.30 and 0.28) during the first and second seasons, 

respectively. These results showed the synergetic role 

of micronutrients in improving plant growth and other 

biochemical and physiological activities (Welch et al., 

1991; El-Fouly el al., 1997& 2011, Kassab et al., 2004 

and Zeidan et al., 2010). Salem and El-Gizawy (2012) 

demonstrated that micronutrients fertilization using 

Zn+Mn+Fe treatment was the most effective 

treatment in all studied traits. Also, Safyan et al. 

(2012) found that microelements foliar spraying have 

a great role in increasing yield of grain corn in Iran, 

especially for iron+zinc and copper+ manganese. 

Similar results were found by Hythum et al, (2012) 

and Anees et al. (2016) who found that foliar spray of 

potassium and zinc; is a fertilizer use efficient 

technique for increasing the maize yield attributes and 

net income under rained conditions. 
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Results in Fig.3 indicate that regression analysis 

reveal the relations between the two variables, i. e., 

foliar application (x) and grain yield/fed. (y) indicated 

a linear relation as well as a highly significant 

(P≤0.01) correlation coefficient (r=0.99 and 0.98) 

occurred during the first and second seasons, 

respectively. Besides, R2 (coefficient of 

determination), revealed that it was possible to 

account up to 99 % and 98 of the variability in yield 

of grain yield/fed. (y), to foliar application during the 

first and second seasons, respectively. The 

relationship between foliar application and grain 

yield/fed. was positively and followed the linear 

equation: of Y=3.0785+0.0709x and 

Y=0.0734+3.0995x, representing a positive value of 

(b), during the first and second seasons, respectively, 

which mean yield increased against applied foliar 

application (Fig. 4).  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Relationships between foliar application and grain yield/fed. (ton) in 2015 and2017 seasons. 

 

Effect of nitrogen rates on some agronomic traits 

of maize preceded by wheat or Egyptian clover 

crop 

Results presented in Table 3 showed significant 

interaction effects between preceding crops and N 

fertilizer on harvest index in both seasons. Results also 

indicate that maize grown after Egyptian clover and 

receiving 150 kg N/fed. recorded the maximum total 

dry weight/plant, LAI, plant height, grain yield plant 

and grain yield/fed. The lowest values of these 

parameters were obtained when maize was sown after 

wheat and fertilized by 90 kg N/fed. in both seasons. 

There are significant differences due to applying120 

kg N/fed. to maize sown after Egyptian clover and 150 

kg/fed. after wheat in both seasons (Table 3). It is very 

clear that the increase in N fertilizer when maize sown 

either after Egyptian clover or after wheat was 

significant in grain yield/fed., with less than or equal 

to half ton/fed. in both seasons. Data showed that by 

increasing N applied to maize planted after wheat the 

grain yield/feddan increased. Similar results were 

found by Shams (2000) and El-Gizawy (2009). Idikut 

et al. (2009) indicated that a preceding crop X N rate 

interaction had significant effect on seed yield during 

both years. 
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Table 3. Effect of the interaction between preceding crop and nitrogen rate on some maize agronomic traits of 

maize cv single cross 131. 

N rate 

)kg/fed.) 

Total dry 

weight/plant 

(g) 

Leaf area 

index 

Plant height 

(cm) 

Grain 

weight/plant 

(g) 

Grain 

yield/fed. 

(ton) 

Harvest 

index (%) 

2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 

Wheat             

90 503.4 842.1 5.1 7.0 209.3 230.9 174.8 209.5 2.447 2.450 0.29 0.25 

120 582.3 916.3 5.0 6.7 219.7 229.1 188.3 233.5 3.113 3.195 0.30 0.26 

150 682.5 883.0 5.1 6.7 219.0 230.9 183.8 253.0 3.555 3.590 0.30 0.27 

Egyptian clover            

90 761.9 1046.8 5.4 6.7 220.5 233.0 193.8 248.0 2.906 2.918 0.35 0.26 

120 951.0 1165.5 5.6 7.3 221.3 236.9 201.4 248.2 3.553 3.561 0.35 0.25 

150 1107.9 1064.9 5.8 7.2 221.2 234.8 208.0 255.2 3.963 3.983 0.36 0.25 

LSD 5% 20.8 35.5 0.3 0.3 2.8 2.3 3.7 6.8 0.067 0.079 ns ns 
ns; not significant 
 

Effect of the interaction between preceding crop 

and foliar application of micronutrients and K 

sulfate on some agronomic traits of maize  

The interaction effects of preceding crops and 

foliar application of micronutrients and potassium 

sulphate were significant on: total dry weight, LAI, 

plant height, grain yield per plant and per feddan in 

both seasons, while harvest index was not 

significantly affected by this interaction, indicating 

that different foliar applications combinations 

behaved differently under different preceding crops 

for maize(Tables 4).Results also indicated that maize 

grown after Egyptian clover and Micronutrients + K 

sulfate foliar applications recorded the maximum 

values of all traits under studied in both seasons. The 

lowest values of these parameters were obtained with 

sowing maize after wheat in both seasons. Salem and 

El-Gizawy (2012) revealed that micronutrient 

fertilization using Zn+Mn+Fe treatment was the most 

effective treatment in recording the highest values of 

all studied traits of maize. 

 

Table 4. Effect of the interaction between preceding crop and foliar applications of micronutrients and K sulfate 

on some agronomic maize traits  

Foliar 

application 

Total dry 

weight/plant (g) 

Leaf area 

index 

Plant height 

(cm) 
Grain 

yield/Plant (g) 

Grain 

yield/fed. 

(ton) 

Harvest index 

(%) 

2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 

After Wheat 

Control 8.6.3 361.8 ..4 6.1 1.6.2 226.4 188.3 214.4 2.936 2.987 4.23 4.26 

Micronutrients 618.8 362.. 8.. 6.. 22... 284.. 1.1.1 288.1 3.004 3.046 4.84 4.26 

K sulfate 636.8 368.6 8.8 1.1 221.2 288.. 1.1.3 288.. 3.066 3.097 4.84 4.28 

Micro + K 14..8 .8..4 8.8 1.1 222.4 281.8 1...3 2.1.4 3.146 3.184 4.81 4.28 

After Egyptian clover 

Control ..6.1 1428.4 ..8 6.6 1.3.1 221.4 1.3.. 283.. 3.362 3.372 4.81 4.2. 

Micronutrients 1484.. 1131.2 8.1 1.2 221.8 286.1 224.1 28... 3.442 3.441 4.86 4.26 

K sulfate ...114  14...2 6.1 1.1 223.8 283.. 218.1 288.. 3.508 3.512 4.81 4.2. 

Micro + K 1183.. 1468.2 6.2 1.. 223.. 281.1 224.2 288.4 3.583 3.623 4.81 4.28 

LSD 5% 29.0 51.0 0.2 0.2 2.6 2.0 4.0 6.0 ns ns 0.10 0.03 

 

Effect of the interaction between nitrogen rates 

and foliar application of micronutrients and K 

sulfate on some agronomic traits of maize 

Results presented in Table 5 indicated that there 

were no significant interaction effects between N 

fertilizer and foliar of nutrients application on harvest 

index in both seasons. It is noted that with applying 

micronutrients and potassium, the values of the traits 

increased with increasing nitrogen rate compared with 

the control in both seasons. This indicated that foliar 

feeding can increase the efficiency of the use of added 

nitrogen. Therefore, there is no significant difference 

between nitrogen fertilizer rate of 120 or 150 kg N/fed. 

and the addition of foliar application of micronutrients 

and potassium in both seasons. Foliar application of 

micro and potassium with 150 kg N/fed. gave the 

highest grain yield/plant and grain yield/fed. in the 

first and second seasons, total dry weight/plant, LAI 

and plant height in first season. Also, the results in 

Table 5 showed that the interaction between foliar 

application and the addition of 90 kg N/fed. gave the 

lowest values for total dry weight/plant, LAI, plant 

height, grain yield/plant and grain yield/fed. in both 

seasons. 
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Table 5. Effect of the interaction between nitrogen rate and foliar application of micronutrients and K sulfate on 

some agronomic traits of maize.  

N rate 

(kg/fed.) 

Foliar 

app. 

Total dry 

weight/plant (g) 

Leaf area 

index 

Plant height 

(cm) 
Grain 

weight/plant (g) 

Grain yield 

(ton/fed.) 

Harvest 

index (%) 

2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 

90 

Control 882.8 313.. ..2 6.8 1...4 226.1 123.8 218.8 2.595 2.585 4.23 4.21 

Micro. 663.1 1411.6 8.8 1.4 221.2 288.. 244.8 284.3 2.641 2.651 4.88 4.26 

K 

sulfate 
11..8 ..8.1 8.1 1.1 221.8 28..8 248.8 288.8 2.702 2.716 4.88 4.2. 

Micro + 

K 
1.4.4 .83.1 8.1 1.1 222.1 288.. 248.4 281.8 2.766 2.784 4.8. 4.2. 

120 

Control .41.8 ..3.2 ..2 6.8 1.3.3 226.8 1...1 226.8 3.210 3.269 4.84 4.23 

Micro. 1.1.6 1421.2 8.6 1.1 221.3 282.6 21..1 2.1.3 3.304 3.346 4.88 4.28 

K 

sulfate 
.26.. 14.1.4 8.6 6.3 221.1 8..42  246.3 2.8.3 3.375 3.397 4.88 4.28 

Micro + 

K 
..4.6 14.1.1 8.3 1.6 221.1 288.. 24... 281.8 3.443 3.500 4.8. 4.2. 

150 

Control 848.2 .88.2 ..4 6.8 1.3.1 226.. 1.8.. 288.4 3.644 3.684 4.84 4.23 

Micro. 144..1 1484.8 8.3 1.4 223.8 288.6 212.1 261.1 3.724 3.733 4.88 4.21 

K 

sulfate 
1428.4 ..6.1 8.. 1.. 228.8 288.2 24... 281.8 3.784 3.801 4.8. 4.28 

Micro + 

K 
14.1.1 .66.. 6.1 1.4 226.4 286.8 218.6 26..8 3.883 3.927 4.8. 4.28 

LSD 5% 35.5 62.5 0.3 0.2 3.2 2.5 4.8 2.1 0.123 0.111 ns ns 

ns; not significant 
 

Effect of the interaction between nitrogen rates 

and foliar applications of micronutrients and K 

sulfate on some agronomic traits of maize preceded 

by wheat or Egyptian clover  

There was a second order interaction which 

involved the three factors of this study (Table 6). 

Sowing maize after Egyptian clover or wheat and 

receiving N rates as well as foliar nutrients gave 

significant difference in total dry weight, LAI and 

grain yield/fed. in both seasons (Table 6).  

 

Table 6. Effect of the interaction between nitrogen rate and foliar application of micronutrients and K sulfate on 

some agronomic traits of maize preceded by wheat or Egyptian clover. 

N rate 

(kg/fed.) 
Foliar app. 

Total dry  

weight/plant (g) 

Leaf area 

index 

Plant height 

(cm) 

Grain 

weight/plant 

(g) 

Grain 

yield/fed.  

(ton) 

Harvest 

index (%) 

2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 2015 2017 

After Wheat  

90 

Control 814.4 63..8 ..6 6.4 1.1.1 223.3 124.6 136.1 2.375 2.375 4.21 4.28 

Micronutrients .13.1 328.8 8.8 1.2 218.8 281.4 13..1 212.1 2.417 2.427 4.2. 4.28 

K sulfate 818.4 .84.8 8.1 1.. 21..4 288.1 1.6.8 21..4 2.464 2.464 4.84 4.2. 

Micro + K 684.4 .28.1 8.8 1.. 216.4 284.4 1.2.1 22..1 2.529 2.534 4.81 4.28 

120 

Control 824.4 .6..4 ..4 6.1 1.6.1 28.82  1.2.8 212.1 3.003 3.103 4.23 4.26 

Micronutrients 81..8 381.2 8.8 6.3 223.1 223.6 246.. 282.1 3.080 3.164 4.81 4.28 

K sulfate 123.3 386.3 8.1 6.. 226.1 28..1 1...8 281.4 3.143 3.211 4.84 4.26 

Micro + K 141.1 .31.. 8.. 1.8 226.1 284.4 24..8 281.1 3.225 3.304 4.84 4.28 

150 

Control .14.8 .81.4 8.8 6.8 244.8 226.4 183.8 284.1 3.430 3.481 4.23 4.2. 

Micronutrients 133.1 .43.1 8.8 6.6 22..8 281.8 1.6.1 264.4 3.514 3.547 4.84 4.23 

K sulfate 188.4 348.6 8.1 1.8 228.4 282.4 1.1.1 286.1 3.592 3.617 4.81 4.28 

Micro + K 116.1 33... 8.3 6.. 228.8 28..4 242.8 26..1 3.682 3.715 4.81 4.2. 

After Egyptian clover  

90 

Control 8.8.4 1461.2 8.. 6.6 1.6.8 22..6 186.4 2.4.4 2.814 2.795 4.2. 4.2. 

Micronutrients 383.1 1211.. 8.. 6.3 221.1 288.3 211.8 2...4 2.865 2.875 4.86 4.21 

K sulfate 36..4 .86.3 6.2 6.3 223.1 288.4 214.1 288.4 2.940 2.968 4.86 4.2. 

Micro + K .84.4 .81.2 6.4 6.3 22..8 286.1 211.8 284.4 3.004 3.033 4.86 4.28 

120 

Control ..8.4 1482.8 ..8 6.3 241.4 22..1 188.1 2.4.4 3.416 3.435 4.82 4.2. 

Micronutrients 144..4 11.1.2 8.3 1.8 221.4 286.1 221.8 281.4 3.528 3.528 4.86 4.2. 

K sulfate 1128.4 1281.8 6.1 1.8 223.1 2.8.8 21..8 284.1 3.607 3.584 4.86 4.28 

Micro + K 1134.4 11.... 6.2 1.1 223.1 281.3 21..8 281.4 3.661 3.696 4.81 4.22 

150 

Control .4644  .18.8 ..6 6.. 1.1.4 226.1 188.8 288.8 3.857 3.887 4.82 4.21 

Micronutrients 1284.4 1182.. 6.4 1.8 221.8 288.1 221.6 268.8 3.934 3.920 4.86 4.26 

K sulfate 12.8.4 1433.8 6.1 1.. 221.1 283.8 222.1 283.4 3.976 3.985 4.81 4.2. 

Micro + K 1846.1 14.8.. 8.6  1.1 223.1 283.8 223.. 26..4 4.083 4.139 4.81 4.28 

LSD 5% 50.2 88.. 0.4 0.3 ns ns ns ns 0.174 0.113 ns ns 

ns; not significant 

 

The effects of this interaction were insignificant on 

plant height, grain yield/plant and harvest index in 

both seasons. Maize plants grown after Egyptian 

clover and receiving 150 kg N/fed. with the applied 
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micronutrients and k foliar gave the highest grain 

yield/fed. (4.083 and 4.139 ton).However, no 

significant difference between 120 and 150 kg N/fed. 

in both seasons. The lowest values of grain yield/fed. 

was shown when maize was grown after wheat and 

receiving 90 kg N/fed. with foliar application of micro 

and k elements in both seasons. 

 

Conclusion 

 

Based on the findings of this study, it could be 

concluded that under conditions of the current 

experiment, maize grown after Egyptian clover and 

receiving 120 kg N/fed. combined with foliar 

application of micronutrients and K are recommended 

for maize production. On the other hand, maize grown 

after wheat and receiving 150 kg N/fed. at foliar 

application of micronutrients and K are recommended 

for maize production. Regression analysis reveal the 

relation between the two variables, i. e., preceding 

crop (x) and grain yield/fed. (y) there was a linear 

relation, and, highly significant (P≤0.01) correlation 

coefficient (r=1) during the first and second seasons.  

Linear regression equation for N rates suggested that 

increase in one unit (30 kg/fed.) led to increased grain 

yield/fed. by 0.35 ton/fed. during the first and second 

seasons. 
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 تأثير مستويات النيتروجين والرش الورقى بسلفات البوتاسيوم والعناصر الصغرى المغذية على نمو

 ومحصول الذرة المنزرع بعد قمح او برسيم 

 2و سارة سيد على الصاوى 2, رمضان خليفه محمد2, فؤاد السيد عبدهللا1, سيد احمد سفينه1المتولى عبدهللا المتولى

 1جامعة القاهرة -كلية الزراعة -قسم المحاصيل

 2المركز القومى للبحوث-قسم تكنولوجيا التسميد

 

تسبب تنفيذ الدورات الزراعية المكثفة واالستخدام الغير متوازن لالسمدة على نطاق واسع حدوث  نقص فى المحتوى العنصرى للتربة 

سمدة الم ستخدام اال صغرى وهنك حاجه ومع التكثيف الزراعى وا صر ال صة للعنا صى بها حاليا الى اعادة نظر لحدوث التوازن خا و

 للحصول على محصول عالى.

عه  يه الزرا ية بكل جارب الزراع تان فى محطة الت تان حقلي فذت تجرب عامين  -ن قاهره خالل  عة ال  2416/2411و  2418/.241جام

كجم/ف.( والرش الورقى  184-124-4.,مستويات النيتروجين ) البرسيم المصرى( -لدراسة تأثير المحاصيل الشتويه السابقة )القمح 

باسللتخدام تصللميم  181العناصللر الصللغرى( والتفاعل بينهم على نمو ومحصللول الذرة هجين فردى  -سلللفات البوتاسلليوم  -)الكنترول

https://www.ajol.info/index.php/ajb/issue/view/10737
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شقة مرتين سيم   القطاعات المن صرى اعطت اعلى القيم لكل فى ثالث مكررات. اظهرت النتاتج: ان نباتات الذرة المنزرع بعد البر الم

طن( باالضافة الى دليل الحصاد  31..8-12..8جم(, محصول الحبوب للفدان ) ..284-241.1من محصول حبوب النبات الواحد )

الى  4.( مقارنة بنباتات الذرة المنزرع بعد القمح خالل الموسللمين.وجد ان  زيادة معدالت التسللميد النيتروجين  من % 4.28 -4.88)

فى الموسم االول  %..1و  %8.2كجم/ف. ادت الى زيادة محصول الحبوب للنبات الواحد حوالى  184الى  124كجم/ف. ومن  124

كجم/ف.  184الى  124كجم/ف. ومن  124الى  4.فى الموسم الثانى. كما وجد ان زيادة مستويات النيتروجين من  %..1و  %..2, 

فى الوسللم الثانى. نباتات  %12.1و  %..28فى الموسللم االول ,  %12.3و  %6..2لى ادى الى زيادة محصللول الحبوب للفدان حوا

كجم نيتروجين/ف. مع الرش الورقى بسلفات البوتاسيوم والعناصر الصغرى 184الذرة المنزرع بعد البرسيم المصرى والمضاف له 

القيم لمحصللول الحبوب للفدان عند زراعة طن( خالل الموسللمين. وجد ان اقل  .18..-438..اعطت اعلى محصللول حبوب للفدان )

كجم نيتروجين/ف. مع الرش الورقى بسلفات البوتاسيوم والعناصر الصغرى خالل الموسمين.  4.نباتات الذرة بعد القمح والمضاف له 

اصر الصغرى كجم نيتروجين/ف. مع الرش الورقى بسلفات البوتاسيوم والعن 184الذرة المنزرع بعد البرسيم المصرى والمضاف له 

كجم نيتروجين/ف. مع الرش الورقى  184هو الموصللى به النتاجية الذرة. ومن ناحية اخرى الذرة المنزرع بعد القمح والمضللاف له 

بسلللفات البوتاسلليوم والعناصللر الصللغرى هو الموصللى به النتاجية الذرة. تحليل االنحدار يوضللح وجود عالقة خطية بين العاملين 

سابق ومحص ( خالل الموسم االول والثانى. معادلة االنحدار r=1ول الحبوب للفدان ووجود اعلى معامل ارتباط معنوى )المحصول ال

حدة ) حدة وا يادة و عدالت النيتروجين تفترض ان ز ية لم يادة محصللللول الحبوب/ف. حوالى  84الخط  4.88كجم/ف.( تؤدى الى ز

 طن/ف. خالل الموسم االول والثانى.

 

 

 

 

 


