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ABSTRACT 
 
 Two field experiments were carried out at Demo village, El-Fayoum Governorate, Egypt during two 
successive seasons 2009 and 2010 to study the effect of different nitrogen levels (100, 120 and 140 kg N/fed) as 
ammonia gas by injection methods in soil, and micronutrients as Fe, Mn and Zn at a rate of 6 mg/kg soil as soil 
application or 0.6 g/kg of seed coating or 0.6 g/L as foliar spray and their combination on yield, yield 
components and macronutrients contents of maize plant (Zea mays L. cv single hybride 10)  
 The most important results could be summarized as follows: 
- Yield component (plant height, ear weight, grain weight and weight of 100 seeds) as well as grains 

(ardab/fed), straw (ton/fed) were positively affected by application of Fe, Mn and Zn, either individually or 
in mixture. In this respect the maximum response were observed with the triple treatment of micronutrients 
followed by Zn then Fe and Mn treatments in descending order. 

- Among the individual micronutrients Zn gave the highest micronutrients level of the above mentioned 
parameters while, Mn gave the least values and Fe came in between. 

- Mixture of micronutrients application has a positive effect on improving and increasing maize yield and its 
components compared to other micro and control (untreated). 

- Foliar spraying with the mixture of triple micronutrients was more effective and increased both grain and 
straw yield and their components followed by coating, while soil application methods was the least in this 
respect. 

- Yield and yield components and nutrients uptake in grains and straw were increased by increasing rate of 
ammonia gas up to 140 kg N/fed 

- Moreover, the uptake of N, P and K either grains or straw also significantly increased as a result of adding 
140 kg N/fed and methods of micro application , followed by 120 kgN/fed , whereas the 100 kg N/fed 
showed the least values compared with control. 

- The interaction between nitrogen rates and methods of micro application and micro treatments had 
significant effect on grain yield/fed, yield characters and minerals composition. 

- In general, the highest yield, yield components were obtained when the plants received 140 kg N/fed. 
combined with mixture treatment application as foliar spray. 
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Introduction 
 
 Knowledge of complex relationships between soils, crops and management practices is necessary to 
develop sustainable agricultural production systems; the uptake of nutrients by plants the main physiological 
process that determines the quality and quantity of crops, Bakonyi et al., 2010, So, crops developmental stage as 
well as the location of these specific mineral nutrients in the soil might play important roles in mediating these 
response (Riedell, 2010). The highest maize yield production depends on many factors i.e. improvement 
nitrogen use efficiency (NUE), more efficient varieties, and introducing better fertilization practices.  
 Nitrogen and micronutrients fertilization are two most important factors in increasing the productivity of 
clear crop. In this respect management of the soil cultivated with maize will must be N fertilizers. Izsaki (2011) 
found that the more favourable level of N supply significantly increased grain yield and nutrient such as N, P 
and K, Mn, Fe and Cu. 
 Also, many investigators found that the yield of maize increased with N-fertilizeration using different 
forms, ammonia gas is effective then urea and other forms. Siam et al., 2008 said that ammonia gas fertilizer 
(anhydrous ammonia) contains more N than any fertilizer (82.5% N) . Also, Abd El-Kader (2002) and Siam et 
al (2012) found that anhydrous ammonia treatments gave higher grain yield and uptake efficiencies corn plant. 
So, Potarzycki (2010a) providing that nitrogen balance can be achieved when N-fertilizer rate is optimum . 
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Under an excessive supply of N. Nitrogen, imbalance can be partly controlled by sufficiently supply of nutrient. 
Maize leaves at harvest can be used as a useful indicator of N- balance. Also, the efficiencies of micronutrients 
fertilization are mainly depending on the time, fertilizer type, source of N and method of application. So, 
micronutrients greatly depend on the methods of application. Yosefi et al., (2011) reported that significantly 
effect of micronutrients as foliar application was found on yield character, grain and biological yield. Foliar 
application with essential macro and micronutrients which contribute to the plant nutrition balance is an 
important role in increasing crop (Gaina and Barbu 2005). With increasing N-fertilizer application rates, grain 
yield and yield components is increased when sprayed with micronutrients. These results are in agreement with 
those obtained by Shams et al., (2000); Singh et al. (2009) and Siam et al. (2012).  
 Among many growth factors zinc was recognized as one of main limiting factors of maize crop growth and 
yielding. Also, plants fertilized with Zn significantly increased both total N-uptake and grain yield and 
improvement the yield (Potarzycki and Grzebisz, 2009). Khan et al (2007) reported that foliar spray with 0.01 % 
Zn solutions had significant effects on maize grain yield. Also, Paramasivan et al, (2011) found that the highest 
grain maize yield was recorded as result for the application of NPK + Zn with the best yield net income. 
 Generally, the interaction between spraying of micronutrients (Zn) and N fertilizer level had significant 
effect on grain yield and yield components (El-Badawy and Mehasen, 2011). 
 The aim of this work is to evaluate the combined effects of application methods of macronutrients with 
micronutrients either individually or triple application (Fe, Mn and Zn) under different level of nitrogen on yield 
and yield components of maize plant. 
 
Materials and Methods 
 
 Two field experiments were conducted during 2009/2010 seasons at Demo Village, El-Fayoum 
Governorate, Egypt to evaluate the effect of different rates 100, 120 and 140 kg N/fed as ammonium gas 82 % 
N form by injection method in a sandy soil as well as some micronutrients (Zn, Mn and Fe) 0.6 g l-1 as soil 
application, 0.6 g kg-1 as a seeds coating and 0.6 mg L -1 as foliar spray on maize plant class (Zea mays Mill cvs 
single hybride 10). 
 Soil micronutrients application was used at a rate of 6 ppm for each chelated element and added before 
maize seed sowing. Foliar spray of the studied micronutrients was applied at rate of 0.6 g/L at two intervals i.e., 
30 and 50 days from planting. Volume of foliar solution were about 400L/fed were added as solely element or 
mixture of three elements. Also, 220 kg/fed of superphosphate (15 % P2O5) and 75 kg /fed of potassium 
sulphate (48 % K2O) were added just prior to first irrigation and after thinning the plants. Ammonium gas was 
injected directly into the moderately moisted soil at 15 cm depth with 30 cm spacing between points of injection 
before planting according to the injection technique previously used by Farrag et al., (2011) and Eid (1972). The 
experimental field was prepared and divided into plots of an area 3.0 X 3.5 m (1/1400 of feddan) for each one. 
Some physical and chemical soil properties of the studied soil are presented in Table (1). Complete randomized 
block design was used with four replicates in each treatments. 
 
Table 1: Some physical and chemical properties of the studied soil. 

Soil properties Particle size distribution % pH 
1:2.5 

EC 
dSm-1 

OM CaCO3 
Physical and 

chemical 
Fine 
sand 

Coarse 
sand 

Silt Clay Texture % 

 15.35 46.8 27.41 10.44 Sandy loam 7.88 1.90 0.52 6.12 
Available nutrients ppm 

N P K Fe Mn Zn 
32 4.25 96 4.51 1.35 1.07 

 
 At maturity, maize plants were harvested and the following characters were recorded: plant height (cm), ear 
weight, grain weight and weight of 100 seeds, seeds (ardab/fed) and straw yields (ton/fed).  
 From each plot, samples of both seeds and straw were dried (70 oC) and grounded and well digested using 
H2SO4 – HClO4 acid mixture. Digested product, nitrogen, phosphorus and potassium were determined according 
to the method obtained by Jackson (1973).  
 The obtained data were statistically analyzed according to Procedure outlined by Snedecor and 
Cochran(1980).  
 
Results and Discussion 
 
Yield components: 
 
 Plant height, ear weight, grain weight (gm/ear) and weight of 100 seed of maize plant were affected by 
methods of micronutrients addition and the rate of nitrogen fertilizer. Concerning the effect of methods of 
micronutrients application regardless nitrogen rates and micronutrients interaction, the results indicated that, 
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where micronutrients methods were applied, foliar application gave the highest increase, while the least values 
were obtained for soil application whereas coating methods presents an intermediate effect. This trend is in 
agreement with that obtained by Ghazvineh and Yousefi (2010). 
 In this respect, the highest mean values of the plant height, ear weight (gm/ear), grains weight and weight of 
100 seeds were 309.9 cm and 175.1 gm (Tables 2 a and b), 149.6 gm and 30.7 gm (Tables 3 a and b) for foliar 
application .The least mean values were 283.9 cm and 148.4 gm (Tables 2 a and 2 b), 120.0 gm and 26.6 gm for 
soil application (Tables 3 a and b). The relative superiority of foliar spray compared with the other methods of 
application may be attributed to one or more of the following: foliar applied micronutrients are not subjected to 
soil chemical reaction leading to a reduction in the availability of these nutrients (Abd El-Kader 2002 and Siam 
et al 2008 and 2012). 
 In this concern, the inferiority of foliar application may be due to the possible imbalance of different 
nutrients in the soil. These results attributed to fertilization with ammonical N where it significantly reduce soil 
pH compared with untreated N. These results indicated that the N-application have increased soil acidification. 
Our results are in harmony with those obtained by Shams et al., (2002). 
 The current results confirm those obtained by Abd El-Latif et al., (1990) who reported that the three 
methods of micronutrients application had a positive effect on wheat dry matter, yield, as follows, foliar spray > 
coating > soil addition. 
 Upon the abovementioned discussion, it could be concluded that the nutrients sources and methods of 
addition affect the fertilizers efficiency and the response of the yield to the fertilization treatments. 
 Also, data in tables (2 b and c) indicated that, there is positive relationship between application of N- rate 
and yield components in the presence of 140 kg N/fed was higher than 100 kg N/fed treatments. The mean 
values of plant height, ear weight, grain weight (gm/ear) and weight of 100 seed of maize plant under condition 
of 140 kg N/fed were 304.4 cm and 165.3 gm (Table 2 b and c) and 137.5 gm and 30.2 gm (tables 3 b and c), 
respectively (Lana et al., 2008). And (Siam et al., 2008) found that as significantly increase N-rats increased 
maize grain yield and maximum figure was obtained due to addition of 140 kg N/fed. These increases of the 
characters under studies could be due to the amount of metabolites synthesized by plants as a result of 
increasing nitrogen level  
 
Table 2a: Plant height and ear weight of maize plants as affected by some micronutrients and different application methods. 

Micronutrients(M) Application methods Application methods 
Plant height (cm) Ear weight (gm) 

 Soil Coating Foliar Mean Soil Coating Foliar Mean 
Control 270.3 270.3 270.3 270.3 113.3 113.3 113.3 113.3 

Zn 290.0 305.7 330.0 308.6 170.3 187.0 202.3 186.5 
Mn 279.3 286.3 295.3 287.0 124.0 140.0 157.3 140.4 
Fe 284.0 301.3 314.0 299.8 153.0 167.0 180.7 166.9 

Mixture 296.0 320.0 340.0 318.6 181.3 196.0 222.0 199.8 
Mean 283.9 296.7 309.9 296.9 148.4 160.7 175.1 161.4 

 M T MxT  M T MxT  
LSD 5% 7.44 5.16 9.2  1.67 2.05 2.71  

 
Table 2b: Plant height and ear weight of maize plants as affected by nitrogen level and different application methods. 

Application methods 
(T) 

Nitrogen level (N) 
Plant height (cm)   Ear weight (gm)   

 100 120 140 Mean 100 120 140 Mean 
Soil 278.6 285.0 288.2 283.9 145.2 148.6 151.4 148.4 

coating 286.8 296.4 307.0 296.7 157.8 161.0 163.4 160.7 
Foliar 301.6 310.2 318.0 309.9 169.6 174.8 181.0 175.1 
Mean 288.9 297.2 304.4 296.9 157.5 161.5 165.3 161.4 

 T N TxN  T N TxN  
LSD 5% 5.16  9.4  2.05 0.931 1.98  

 
Table 2c: Plant height and ear weight of maize plants as affected by nitrogen level and some micronutrients application. 

Micronutrients(M) Nitrogen level (N) 
Plant height (cm) Ear weight (gm) 

 100 120 140 Mean 100 120 140 Mean 
Control 266.0 270.0 275.0 270.3 112.0 113.0 115.0 113.3 

Zn 298.0 309.7 318.0 308.6 179.3 186.7 193.7 186.5 
Mn 281.3 288.0 291.7 287.0 137.3 140.7 143.7 140.5 
Fe 288.3 301.7 309.3 299.8 163.0 167.3 170.3 166.9 

Mixture 310.7 317.0 328.0 318.6 196.0 199.7 203.7 199.8 
Mean 288.9 297.3 304.4 296.9 157.5 161.5 165.3 161.4 

 M N MxN  M N MxN  
LSD 5% 7.44 ns 10  1.67  0.931  
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Fig. 1: Plant height and ear weight of maize plants as affected by N level, some micronutrients and different 

application methods. 
 
 Whereas, the effect of micronutrients of application on yield parameters was significant tables (2a and 2c), 
regardless of N-rates and methods application treatments, the application of Fe, Zn and Mn and their 
combination increased the yield of maize crop compared to control. The increase in yield for the micronutrients 
addition corresponds the following mixed>Zn>Fe>Mn > untreated. The enhancing effect of the investigated 
elements on the some characters such as plant height , ear weight, grain weight (gm/ear) and weight of 100 
seeds of maize plants Also, in this concern, Nassar et al, (2002) mentioned that Fe or Zn were the most effective 
in increasing dry matter weight of maize than other micronutrients. Also, the superior effect of Fe treatments 
compared to Mn addition as individual treatment. 
 On the other hand a high response to micronutrients application was obtained with foliar application, on 
yield parameters. While, soil and coating application were rather similar. This trend is an agreement with that 
obtained by Yosefi et al., 2011, Ghazvineh and Yousefi 2011. Also, mixture treatment of micronutrients 
recorded the highest values as foliar methods on yield parameters, these values amounted 340.0 cm and 222.0 
gm (Table 2 a), 195.3 and 37.0 (Table 3a) for plant height (cm), ear weight (gm), grain weight (gm) and weight 
of 100 seeds. Also, the micronutrients (Zn, Mn and Fe) alone as foliar spray Zn gave a significant positive 
response on yield components. 
 Tables (2b and c) showed that the interaction effect between N-rates and methods of micronutrients 
application on maize plant was higher at 140 kg N/fed with foliar application method. These values were 
 318.0 cm and 181.0 gm (Table 2b), 154.8 gm and 32.2 gm (Table 3b). Similar results reported by Tejada 
and Gonzalez 2006, Shams 2000 and Siam et al 2012. 
 
Table 3a: Grain weight and weight of 100 seeds of maize plants as affected by some micronutrients and different application methods. 

Micronutrients (M) Application methods Application methods 
Grain weight (gm) Weight of 100 seeds (gm) 

Soil Coating Foliar Mean Soil Coating Foliar Mean 
Control 73.8 73.8 73.8 73.8 23.2 23.2 23.2 23.2 

Zn 142.3 158.7 186.3 162.4 28.0 31.3 34.0 31.1 
Mn 98.3 108.3 130.7 112.4 25.0 27.0 28.0 26.7 
Fe 128.0 135.3 161.7 141.7 26.0 29.3 31.3 28.9 

Mixture 157.7 180.0 195.3 177.7 31.0 33.3 37.0 33.8 
Mean 120.0 131.2 149.6 133.6 26.6 28.8 30.7 28.7 

 M T MxT  M T MxT  
LSD 5% 1.65 1.55 2.2  0.749 0.629 0.98  

 
Table 3b: Grain weight and weight of 100 seeds of maize plants as affected by nitrogen level and different application methods. 

Application 
method (T) 

Nitrogen level (N) 
Grain weight (gm) weight of 100 seeds (gm) 

100 120 140 Mean 100 120 140 Mean 
Soil 116.2 120.1 123.8 120.0 25.4 26.5 28.0 26.6 

coating 128.6 131.1 134.0 131.2 27.6 28.5 30.4 28.8 
Foliar 144.6 149.3 154.8 149.6 29.4 30.5 32.2 30.7 
Mean 129.8 133.5 137.5 133.6 27.5 28.5 30.2 28.7 

 T N TxN  T N TxN  
LSD 5% 1.55 1.24 2.7  0.629 0.343 0.92  
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Table 3c: Grain weight and weight of 100 seeds of maize plants as affected by nitrogen level and some micronutrients application. 
Micronutrients (M) Nitrogen level (N) 

Grain weight (gm) weight of 100 seeds (gm) 
100 120 140 Mean 100 120 140 Mean 

Control 72.0 73.5 76.0 73.8 22.0 22.5 25.0 23.2 
Zn 158.3 162.0 167.0 162.4 29.7 31.0 32.7 31.1 
Mn 108.3 112.0 117.0 112.4 25.7 26.7 27.7 26.7 
Fe 136.7 141.3 147.0 141.7 27.7 28.7 30.3 28.9 

Mixture 173.7 178.7 180.7 177.7 32.3 33.7 35.3 33.8 
Mean 129.8 133.5 137.5 137.6 27.5 28.5 30.2 28.7 

 M N M.N M.N M N M.N  
LSD 5% 1.65 1.24 2.9 2.9 0.749 0.343 1.00  

 
 Another interaction between N-rates and micronutrients on increasing the yields components of maize crop 
(plant height, ear weight, grain weight and weight of 100 seeds), however, application of mixture elements 
under application of 140 kg N/fed gave the highest values as 328 cm and 203.7 gm (Table 2c), 180.7 gm and 
35.3 gm (Table 3c), respectively. While addition of Mn at 100 kg N/fed gave the lowest values as 281.3 cm and 
137.3 gm (Table 2c), 108.3 gm and 25.7 gm (Table 3c). 
 Also, the highest increase in yield components in maize plant were attained with Zn treatment, followed by 
Fe then Mn treatments as foliar spray. These values were 330.0 cm and 202.3 gm for plant height and ear weight 
(Table 2a), 186.3 gm and 340.0 gm for grain weight and weight of 100 seeds (Table 3a), for grain and straw, 
respectively. 
 

 
 
Fig. 2: Grain weight and weight of 100 seeds of maize plants as affected by N level, some micronutrients and 

different application methods. 
 
 In this respect Paramasivan et al., (2011) reported that the maximum yield components of maize attributed 
to addition of NPK and Zn, respectively. (yield components may be attributed to change induced by these 
nutrients in the endogenous hormones ratio (Ibrahim and Shalaby, 1994). Furthermore, the superior impact of 
Zn treatment might be due to that plays a vital role in the synthesis of proteins, nuclic acids and help in the 
utilization of nutrients by plants (Sankaran et al., 2002). 
 Generally, the highest mean values as obtained by addition of micronutrients mixture treatments as foliar 
methods according to 100, 120 and 140 kg N/fed on yield components amounted by 350.0 cm , 230.0 gm, 200.0 
gm and 39.0 gm for plant height, ear weight, grain weight and weight of 100 seeds, respectively (Fig. 1 and 2).  
 
Table 4a: Grain yield and straw yield of maize plants as affected by some micronutrients and different application methods. 

micronutrients (M) Application methods    
Grain yield (ardab/fed)  Straw yield (ton/fed)  

Soil coating Foliar Mean Soil coating Foliar Mean 
Control 19.0 19.0 19.0 19.0 5.3 5.3 5.3 5.3 

Zn 22.6 24.3 25.1 24.0 6.5 6.9 7.4 6.9 
Mn 19.8 20.6 21.3 20.5 5.8 6.3 6.7 6.3 
Fe 21.1 23.4 24.2 22.9 6.1 6.7 7.1 6.6 

Mixture 24.6 25.4 26.4 25.5 6.9 7.2 7.5 7.2 
Mean 21.4 22.5 23.2 22.4 6.1 6.5 6.8 6.5 

 M T MxT  M T MxT  
LSD 5% 0.25 0.57 0.72  0.13 0.05 0.15  
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Table 4b: Grain yield and straw yield of maize plants as affected by nitrogen level and diffrerent application methods. 
Application 
methods (T) 

Nitrogen level (N)  
Grain yield ardab/fed) Straw yield (ton/fed) 

100 120 140 Mean 100 120 140 Mean 
Soil 20.7 21.5 22.1 21.4 6.0 6.1 6.3 6.1 

coating 21.9 22.6 23.1 22.5 6.3 6.5 6.7 6.5 
Foliar 22.3 23.4 23.9 23.2 6.6 6.8 7.1 6.8 
Mean 21.6 22.5 23.0 22.4 6.2 6. 5 6.7 6.5 

 T N TxN  T N TxN  
LSD 5% 0.57 0.26 0.8  0.05 0.04 0.05  

 
Table 4c: Grain yield and straw yield of maize plants as affected by nitrogen level and some micronutrients application. 

Micronutrients (M) Nitrogen level (N) 
Grain yield (ardab/fed) Straw yield (ton/fed) 

100 120 140 Mean 100 120 140 Mean 
Control 18.6 19.0 19.5 19.0 5.2 5.3 5.3 5.3 

Zn 23.3 24.1 24.6 24.0 6.7 6.9 7.2 6.9 
Mn 19.7 20.7 21.2 20.5 6.0 6.3 6.5 6.3 
Fe 22.0 23.1 23.6 22.9 6.3 6.6 6.9 6.6 

Mixture 24.7 25.4 26.3 25.5 6.8 7.2 7.6 7.2 
Mean 21.6 22.5 23.0 22.4 6.2 6.5 6.7 6.5 

 M N MxN  M N MxN  
LSD 5% 0.25 0.26 0.52  0.13 0.04 0.16  

 

 
 
Fig. 3: Grain and straw yield of maize plants as affected by N level, some micronutrients and different 

application methods. 
 
Grain and Straw Yield of Maize Plant: 
 
 Yield increased by increasing rate of liquid anhydrous ammonia. The data presented in tables ( 4b and 4c) 
show that regardless the methods of micronutrients application, the application of 140 kg N/fed as liquid 
ammonia gas fertilizer gave grain and straw yield greater by 6.48% and 6.52 % compared to 100 kg N/fed. 
These results may be due to the variation as N level, which reflect that a higher absorption of N from soil by 
maize plant (Siam et al., 2008). Also, the results are in harmony with those obtained by Izsaki, 2011 and Riedell 
(2010).  
 In same tables, the effect of micronutrients on increasing the grain and straw yield of maize plant, was 
significant. The application of Fe, Zn or Mn and their combination treatments, either added alone or in mixture 
increased yield compared with control. The highest mean values were obtained due to addition mixture elements 
(Fe, Mn and Zn) were 25.5 (ardab/fed ) and 7.2 tone/fed for grain and straw , respectively (Tables 4a, c). On the 
other hand, the lowest grain and straw yield was that of receiving Mn fertilizer alone, these values were 20.5 
(ardab/fed )and 6.3 tone/fed for grain and straw, respectively. Furthermore, the effect of different micronutrients 
addition show an arrangement basis on recorded values as Mix> Zn>Fe>Mn > control treatments. 
 Also, when micronutrients were added each of them alone, the order as follow Zn> Fe>Mn in maize grain 
and straw. The highest mean values obtained when Zn applied alone on grain and straw, were 24.0 ardab/fed 
and 6.9 ton/fed For Zn (the highest), 20.5 ardab/fed, 6.3 ton/fedfor Mn (the least) and Fe was in between (Tables 
4a, c). 
 These results attributed to the role of Zn as co-factor in the enzymatic reaction of the anabolic pathways in 
plant growth. Similar findings were obtained by Sohu et al., (1994) found that the addition of Zn EDTA to soils 
fertilized with NPK increased dry matter yield of plants. 
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 Generally, concerning the effect of the micronutrients on the grain yield may be attributed to these elements 
enabling the plant to grow well and to improve transfer of the photosynthetic substances from leaves to seeds 
during the synthetic processes because their effect on the enzymatic group.  
 Furthermore, a high response to micronutrients application on grain and straw yield was obtained with any 
methods of application compared with control. The highest mean values of grain and straw yield were 23.2 
ardab/fed and 6.5 ton/fed for foliar while the least mean values were 21.4 ardab/fed and 6.1 ton/fed for soil 
application (Table 4a and b).  
 Similar results are in agreement with those obtained by Rafiq et al., 2010, and Siam et al., 2006 . In this 
concern, foliar spraying was more effective in increasing grain and straw yield than other used methods. This 
may be due to the variation efficiency of methods of application and utilization of nutrient by plants, the 
superior effect of foliar application, the micronutrients can reach very quickly to the active centre of plant 
metabolism. (Abd El-Kader ,2002 and Siam et al.,2008).  
 The effect of interaction between N-rate and micronutrients addition on increasing yield of maize grain and 
straw significant application of mixture micronutrients under different application 140 kg N/fed gave the highest 
yield of grain and straw were 26.3 ardab/fed and 7.6 ton/fed. While the lowest yields either grain or straw was 
obtained when addition Mn under 100 kg N/fed. These values were 19.7 ardab/fed and 6.0 ton /fed for grain and 
straw yield, respectively (Table 4c). These results confirmed by Rafiq et al ( 2010), and Paramasivan et al., 
(2011).  
 In this concern, when micronutrients addition as Zn alone (Zn, Mn and Fe) at 140 kg N/fed registed in 
highest values of grain and straw yield, these values were 24.6 (ardab/fed) and 7.2 (ton/fed) for grain and straw, 
respectively (Table 4c). The highest in grain and straw yield were attributed with Zn followed by Fe, then by 
Mn treatments under 140 kg N/fed. Zn application has significantly positive response. This might be due to its 
improvement in growth and stimulate function in most of the physiological and metabolic process and metal 
activator of enzyme resulting in increase growth and development of plant, which gave higher grain, and straw 
yield of wheat. 
 Furthermore, significant interaction between addition of micronutrients and their methods of application 
indicate that superiority of foliar spray followed by coating then by soil application occurred only where 
micronutrients applied. These results obtained by (FAO, 1984) and attributed to ammoniacal fertilizer are acid 
forming and their continuous application may result in increasing soil acidity. 
 On the other hand, as the micronutrients (Zn, Mn and Fe) added alone as foliar spray recorded highest 
values of grain and straw yield. Zn application gave a significant positive response. Gab-Alla et al., (1986) 
found that the maximum values for grain and straw yield were attained when applying Zn at 0.4 % and when 
spraying Zn. 
 In addition, micronutrients as mixture treatment used as foliar application registed highest values of grain 
and straw yield as compared with other micronutrients and control. These values were 26.40 ardab/fed and 7.5 
ton/fed for grain and straw (Table 4a). Singh et al. (2009) found the use of Zn and Mn contributed to increase 
yields compared to control (untreated of micronutrients). 
 Also, the data presented in table (4b) show that the lowest grain and straw yield (20.7 ardab/fed and 6.0 
ton/fed) was achieved when 100 kg N/fed were applied and with soil application, the highest values are obtained 
with application of 140 kg N/fed with foliar spray of micronutrients , these values were 23.9 ardab/fed and 7.1 
ton /fed for grain and straw, respectively. Similar results were obtained by Siam et al., 2012 and Abd El-Kader 
2002, reported that grain and straw yields increased with increasing rate of anhydrous ammonia (at 140 kg 
N/fed) as fertilizer application. 
 Generally, the data illustrated by Fig. (3) show that the lowest yield of maize grain and straw was attained 
when micronutrients when Mn applied as soil application under 100 kg N/fed . these values were 19.1 ardab/fed 
and 5.56 ton/fed for grain and straw respectively, whereas the highest yields were achieved by application of 
140 kg N/fed with applying mixture treatment as foliar spray. These values were 27.3 ardab/fed and 8.11 ton/fed 
for grain and straw, respectively. These results are in a harmony with those obtained by Bakry et al., (2009 ) and 
Singh et al., (2009). 
 Also, Zn, Fe and Mn individually showed significantly relationship between N-rates and micronutrients as 
foliar, when Zn applied alone as foliar method at 140 kg N/fed. These values were 25.9 and 7.7 for Zn 24.9 and 
7.4 for Fe then Mn 22.1 and 7.0 in grain and straw yield, respectively (Fig. 3). 
 
Macronutrients Uptake: 
 
Nitrogen Uptake: 
 
 Data presented in tables (5 and 6) reveal that nitrogen uptake kg/fed in grains and straw were affected by 
methods of micronutrients application, N-rates and micronutrients treatments. The data in that tables also, reveal 
that N-uptake by grain and straw yield were significantly increased due to increase N-rates. The highest mean 
values of N-uptake for grain and straw due to 140 kg N/fed were 72.0 and 62.1 kg/fed, respectively (Tables 5 
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b,c and 6 b,c). These results agree with the findings by Potarzycki (2010 a ) and Izsaki (2011) who found that 
nitrogen uptake by wheat plant should highly significant affected by the application of aqua ammonia. The 
results may be due to the rate of NH4

+ absorption from soil is such more dependent on variation in root 
morphology and absorptive surface area than the rate of NO-

3 absorption, due to the lower soil mobility of NH+
4 

(Abd El-Kader 2002). 
 Also, addition of ammonia as N fertilizer have a physiological acid reaction, when the nitrificantion process 
converse the ammonium ion to nitrate, hydrogen ions are released, showed the following reaction: 
 Nitrification  
2NH+

4 + 3 O2  -------------→  2 NO-
3 + 8 H 

 bacteria   
 This source of soil acidity, so nitrogen fertilizers containing ammonium N increase soil acidity unless the 
plant absorbs the ammonium ion directly. This results due to increased the level of N –uptake till 140 kg N/fed. 
 Concerning, the effect of methods of micronutrients application regardless N-rates and micronutrients 
application, the result indicated that where methods of micronutrients application varied in their effect on N-
uptake by maize plants with superiority of foliar spraying effect, which showed the highest uptake of N 
followed by seed coating and soil application. These mean values were 78.8 and 67.6 kg/fed for foliar, 71.3 and 
56.7 kg/fed for coating while at soil application were 61.0 and 48.2 kg/fed for grain and straw yield, respectively 
Tables (5a, b) and (6a, b). These results agree with the findings by Tejada and Gonzalez (2006) who reported 
that foliar application increased N who and K-uptake by plants.Also, Gaina and Barbu 2005, reported that foliar 
fertilizer application with complex solution containing essential macro and micronutrients which contribute to 
the plant nutrition balance has an important role in increasing crop yield. In this concern lower N-uptake by the 
soil application as compared with other methods, may be most probably due to reaction rendering the Fe, Zn and 
Mn nutrients subject to precipitation (Abd El-kader, 2002 and Siam et al., 2012).  
 Also, data reveled that N-uptake by grain and straw of maize plant were significantly increased due to 
addition of Zn, Fe and Mn as individual element or combined together (Zn+Fe+Mn) compared to control, the 
relative increases in N-uptake by grains were 73, 60, 38 ,96 % due to applying Zn, Fe and Mn and mixture 
treatment, respectively (tables, 5a and c). Similar trend was shown by N-uptake in straw. These results are in 
harmony with those obtained by Intodia and Kumud (2007), reported that Zn fertilizer increased N and Zn 
concentration in grains and straw of maize. 
 Generally, the effect of different micronutrients (Zn, Mn and Fe) addition alone on N-uptake in grains was 
discussed in these experiments. Results indicated that maize plants fertilized with Zn were able to increase the 
rate of N-uptake. Thus, Zn as recorded in the first phase resulted in extension rate of new organs or tissues in 
growth. At the reproductive phase of maize growth, plants well be supplied with Zn accumulated more nitrogen, 
which was a perquisites for significantly higher rate of dry matter accumulation. So, the amounts of extra N take 
by Zn treated plants were sufficiently high to increase grain yield (Grzebisz et al., 2008). 
 
Table 5a: N, P and K uptake (kg/fed) in maize grains as affected by some micronutrients and different application methods. 
Micronutrients 

(M) 
Application methods (T) 

N P K 
Soil coating Foliar Mean Soil Coating Foliar Mean Soil coating Foliar Mean 

Control 45.9 45.9 45.9 45.9 7.8 7.8 7.8 7.8 15.0 15.0 15.0 15.0 
Zn 67.6 79.1 91.6 79.4 16.8 20.3 21.6 19.6 24.8 32.0 39.3 32.0 
Mn 52.8 62.0 75.1 63.3 12.5 14.3 16.0 14.3 17.6 20.4 26.7 21.5 
Fe 60.8 77.0 82.7 73.5 15.1 18.1 19.4 17.5 20.8 29.9 33.3 28.0 

Mixture 78.2 92.4 98.7 89.8 19.8 23.9 25.7 23.1 27.5 41.1 46.7 38.4 
Mean 61.0 71.3 78.8 70.4 14.4 16.9 18.1 16.5 21.1 27.6 32.2 27.0 

 M T MxT  M T MxT  M T MxT  
LSD 5% 1.32 0.87 1.93  0.50 0.69 0.91  0.62 0.71 0.93  

 
Table 5b: N, P and K uptake (kg/fed) in maize grains as affected by nitrogen level and different application methods. 

Application 
methods (T) 

Nitrogen level (N) 
N P K 

100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 
Soil 59.9 60.9 62.3 61.0 13.8 14.4 15.0 14.4 20.2 21.2 22.0 21.1 

coating 70.0 71.2 72.6 71.3 16.0 17.0 17.6 16.9 25.8 27.6 29.5 27.6 
Foliar 76.7 78.5 81.2 78.8 17.4 18.2 18.8 18.1 31.1 32.0 33.5 32.2 
Mean 68.8 70.2 72.0 70.3 15.7 16.5 17.1 16.4 25.7 26.9 28.3 27.0 

 T N TxN  T N TxN  T N TxN  
LSD 5% 0.87 1.19 2.0  0.69 0.42 1.10  0.71 0.68 1.20  
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Table 5c: N, P and K uptake (kg/fed) in maize grains as affected by nitrogen level and some micronutrients application. 

Micronutrien
ts (M) 

Nitrogen level (N) 
N P K 

100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 
Control 45.2 45.8 46.6 45.9 7.4 7.9 8.2 7.8 14.2 15.0 15.8 15.0 

Zn 77.9 79.3 81.0 79.4 18.7 19.6 20.4 19.5 30.4 32.0 33.7 32.0 
Mn 61.4 62.9 65.0 63.1 13.5 14.5 14.7 14.2 20.6 21.6 22.4 21.5 
Fe 72.0 73.5 75.0 73.5 17.0 17.5 18.2 17.5 26.9 28.0 29.1 28.0 

Mixture 87.7 89.5 92.1 89.8 21.9 23.3 24.1 23.1 36.5 38.0 40.7 38.4 
Mean 68.8 70.2 71.9 70.3 15.7 16.5 17.1 16.5 25.7 27.0 28.3 27.0 

 M N MxN  M N MxN  M N MxN  
LSD 5% 1.3 1.19 2.31  0.50 0.42 0.90  0.62 0.68 1.29  

 

 
 
Fig. 4a: Nitrogen uptake (kg/fed) of maize grain as affected by N level, some micronutrients and different 

application methods. 
 

 
 
Fig. 4b: Phosphorus uptake (kg/fed) of maize grain as affected by N level, some micronutrients and different 

application methods. 

 
 
Fig. 4c: Potassium uptake (kg/fed) of maize grain as affected by N level, some micronutrients and different 

application methods. 
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Table 6a: N, P and K uptake (kg/fed) in maize straw as affected by some micronutrients and different application methods. 
Micronutrients 

(M) 
Application methods (T) 

N P K 
Soil Coating Foliar Mean Soil Coating Foliar Mean Soil Coating Foliar Mean 

Control 28.7 29.6 32.8 30.4 5.5 5.5 5.5 5.5 52.0 52.0 52.0 52.0 
Zn 57.4 72.1 85.5 71.7 7.9 8.7 9.3 8.6 92.8 109.7 113.3 105.3 
Mn 38.8 46.2 54.8 46.6 6.3 6.7 7.6 6.9 71.0 84.6 91.4 82.3 
Fe 48.5 56.1 69.0 57.9 7.0 7.6 8.9 7.8 84.4 105.0 108.7 99.4 

Mixture 67.5 79.7 96.1 81.1 9.0 9.5 9.9 9.5 101.6 113.3 121.0 112.0 
Mean 48.2 56.7 67.6 57.5 7.1 7.6 8.2 7.7 80.4 92.9 97.3 90.2 

 M T MxT  M T MxT  M T MxT  
LSD 5% 0.87 1.32 1.93  0.69 0.50 0.91  1.39 2.29 2.67  

 
Table 6b: N, P and K uptake (kg/fed) in maize straw as affected by nitrogen level and different application methods. 

Application 
methods (T) 

Nitrogen level (N) 
N P K 

100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 
Soil 45.2 47.7 52.5 48.5 6.8 7.0 7.6 7.1 78.4 80.0 82.8 80.4 

coating 52.6 56.3 61.7 56.9 7.1 7.5 8.1 7.6 90.7 93.1 95.0 92.9 
Foliar 62.4 66.8 72.2 67.1 7.9 8.2 8.6 8.2 94.7 97.2 100.0 97.3 
Mean 53.4 56.9 62.1 57.5 7.3 7.6 8.1 7.6 87.9 90.1 92.6 90.2 

 T N TxN  T N TxN  T N TxN  
LSD 5% 0.87 1.19 2  0.69 0.42 1.10  2.29 0.84 3.13  

 
Table 6c: N, P and K uptake (kg/fed) in maize grains as affected by nitrogen level and some micronutrients application. 

Micronutrients 
(M) 

Nitrogen level (N) 
N P K 

100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 
Control 28.7 29.6 32.8 30.4 5.2 5.2 6.0 5.5 50.7 52.2 53.2 52.0 

Zn 67.5 71.4 76.1 71.7 8.3 8.7 9.0 8.7 101.6 105.1 109.2 105.3 
Mn 42.7 46.1 51.0 46.6 6.4 6.8 7.4 6.9 80.8 82.1 84.1 82.3 
Fe 52.1 57.5 63.9 57.8 7.3 7.7 8.5 7.8 96.9 99.1 102.1 99.4 

Mixture 76.0 80.2 86.9 81.0 9.1 9.5 9.8 9.5 109.6 112.0 114.3 112.0 
Mean 53.4 57.0 62.1 57.5 7.3 7.6 8.1 7.7 87.9 90.1 92.6 90.2 

 M N MxN  M N MxN  M N MxN  
LSD 5% 1.3 1.19 2.31  0.50 0.42 0.90  1.39 0.84 2.03  

 

 
 
Fig. 5a: Nitrogen uptake (kg/fed) of maize straw as affected by N level, some micronutrients and different 

application methods 
 

  
Fig. 5b: Phosphorus uptake (kg/fed) of maize straw as affected by N level, some micronutrients and different 

application methods 
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Fig. 5c: Potassium uptake (kg/fed) of maize straw plants as affected by N level, some micronutrients and 

different application methods. 
 
 Generally, mixtutre treatment gave the highest values of N uptake than other treatments. These values were 
89.8 and 81.1 (kg/fed) for grain and straw, respectively. Tables (5a, c) and (6a, c). Similar results were obtained 
by Paramasivan et al., 2011. Also, Grzebisz et al., 2008, found that maize plants fertilizer with Zn were able to 
increase the rate of nitrogen uptake. 
 Concerning the effect of different micronutrients on N-uptake., the results presented in tables (5 a, c and 6 
a, c) indicated that application of Zn , Fe and Mn alone caused a significant increase of N-uptake in maize plant 
if compared to control, while the highest increases was recorded with Zn alone, these values were 79.4 and 71.7 
(kg/fed) for grain and straw, respectively. The least increase was given by the addition of Mn (63.3 and 46.6 
kg/fed) tables (5a, c) and (6a, c) 
 These results indicate the superiority of Zn addition alone, the increase of maize plant nitrogen metabolism. 
Also, role of Zn in formation of maize root system and possibilities of using Zn fertilizer Potarzycki, (2010 b ).  
 N-uptake by maize plant was greater when Fe was applied alone with anhydrous ammonia. Also, results 
indicated that, Fe addition was superiority if compared with Mn addition , these increases reached to 16 and 24 
% for grain and straw compared to Mn fertilizer (tables 5a, c and 6 a, c). 
 Concerning the combined effect of N-rate and methods of micronutrients application on N-uptake, the 
methods of micronutrients application varied in their effect on N-uptake with grain and straw yield with 
superiority of foliar spraying effect, which showed the highest uptake of N-uptake followed by seed coating, the 
soil application under rate of 140 kg N/fed. these values of N-uptake in grains and straw were 81.2 and 72.2 
kg/fed for foliar , 72.6 and 61.7 kg/fed for coating then 62.3 and 52.5 kg/fed for soil application (Tables 5 b and 
6 b).  
 Data presented in tables (5a and 6a) show that regardless of N-rate treatment data reveal that N-uptake 
kg/fed in grains and straw were affected by methods of micronutrients application and micronutrients treatment 
addition. Micronutrients foliar addition with Fe, Mn and Zn alone or as mixture gave the highest values of N-
uptake as compared to control. The highest values of N-uptake in grain and straw of maize plant were obtained 
with foliar application of mixture of micronutrients was 98.7 and 96.1 for grain and straw, respectively 
compared to control Inal et al 2007, Siam et al., 2012 and abd El-Kader et al., 2007. 
 Also, Fe, Zn and Mn each of them alone showed a significant relationship between micronutrients addition, 
the highest values obtained when Zn addition alone as foliar were 91.6 and 85.5 for grain and straw followed by 
Fe then Mn. Tables (5a and 6a ) 
 Highest values of N-uptake in maize obtained when Zn was applied as foliar method due to Zn Grzebisz et 
al., (2008) and Potarzycki and Grzebisz ( 2009). 
 Also, the effect of interaction between N-rates and micronutrients increasing N-uptake by grain and straw 
yield, the highest values of N-uptake in grain and straw of maize plant were attained with mixture treatments at 
140 kg N/fed. These values were 92.1 and 86.9 (kg/fed) for grain and straw followed by Zn> Fe>Mn > control 
at 140 kg N/fed 
 These results confirmed by Paramasivan et al ., 2011, Intodia and kumud , 2007 and Hossain et al., (2008) 
stated that the Zn and N content of grains were significantly increased with Zn application. 
 Generally, the highest mean values of N-uptake under foliar application as mixture treatment at 140 kg 
N/fed in comparison with the other treatments and control. These values 112 and 102 kg/fed for grains and 
straw, respectively (Fig. 4 a and 5a). Similar results were noticed by Siam et al., (2012). 
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Phosphorus Uptake:  
 
 Data in tables (5 and 6) reveal that phosphorus uptake (kg/fed) in grain and straw yield were affected by 
methods of application, N-rates and treatments. In this concern, data in tables (5 a, b and 6a, b) clearly show that 
the behavior of P-uptake (kg/fed), was rather similar to that of N-uptake in straw and grains, thus, results 
indicate that superiority of foliar spray followed by coating then soil application. The highest mean values of P-
uptake in grain and straw were 18.10 and 8.24 kg/fed, respectively.  
 Furthermore, the average values of P-uptake in grains were 15.7, 16.53 and 17.13 kg/fed, for rates at 100, 
120 and 140 kg N/fed, respectively (tables 5b, c) .The respective values of P-uptake in straw were 7.3, 7.6 and 
8.1 kg/fed (tables 6b, c). The rate which gave the highest P-uptake was the rate of 140 kg N/fed. These results 
are in agreement with those of Atif (2001) who applied up to 120 kg N/fed on wheat plant and reported that 
phosphorus content in straw and grain were increased by increasing rates of nitrogen applied. Similar results 
those obtained by Izsaki (2011) reported that N-fertilization increased P-content of leaves increase depending on 
level of N-fertilizer. 
 Reddy and Khera 1999 stated that fertilization at higher rates led to a positive apparent balance of N, P and 
S, also, the available nutrients status of soil declined slightly due to cropping with lower fertilizer rate but 
showed a build up when fertilizer was applied at higher rates. 
 In this concern, data in tables (5 a, c and 6a ,c) clearly show that the behavior of P-uptake kg/fed was rather 
similar to that of N-content in straw and grains. Thus, straw and grain of maize plants as response to 
micronutrients treatments increased P-uptake in straw and grain yield compared to the untreated plants. The 
highest increases of P-uptake were attained treatment followed by mixture, Zn, Mn , and Fe values came to the 
least. Mean values were 23.1, 19.6, 17.5 and 14.3 kg/fed for grains . These results attributed to, trace elements 
under investigation plays role in assimilation process of organic and inorganic phosphorus compounds 
(phospholipids, phosphoproteins and phosphocarbohydrates). These results are in agreement with those obtained 
by Nassar et al , 2002 and Arya and Singh 2000. 
 Also, Alam et al., (1995) reported that maize response significantly (p < 0.01) to Zn application and showed 
a positive P x Zn interaction for growth and grain yield, depending on soil Zn and maize cultivar. 
 Data in tables (5 a and 6 a) indicated that significant interaction between micronutrients and methods of 
application , foliar spray gave the highest values by application of micronutrients as mixture treatments. These 
values were 25.7 and 9.9 (kg/fed) for grain and straw, while the lowest values was obtained by application of 
Mn as soil application. Whoever, data also, in the same table indicated that application of Zn alone as the foliar 
caused a significant increase followed by Fe then Mn as foliar spray. These results in agreement with those 
obtained by Yosefi et al., (2011) who found that significant effect of micronutrients as foliar application was 
found on plant height, grain and biological yield.  
 Another interaction between level of N- and micronutrients on P-uptake by grain and straw of maize. 
Micronutrients mixture treatment recorded the highest values for P-uptake at 140 kg/fed as compared with other 
micronutrients addition and control. These values were 24.1 and 9.80 (kg/fed) for grain and straw, respectively 
(Table 5c and 6c). These results may be due to response to micronutrients treatments is a direct outcome of the 
increase in both dry weight and P-content. Fe and Zn micronutrients are involved in assimilation processes of 
organic and inorganic phosphorus compounds. These results are in agreement with those reported by Ghodpage 
et al., (2008) who reported that the N and P contents in maize were increased significantly with increasing level. 
The increase in P-uptake due to addition of micronutrients mixture treatment is because of their status as major 
compounds and activities, protein synthesis, nucleic acid and carbohydrate metabolism and utilization of 
nitrogen and phosphorus 
 Also, the highest values in P-uptake in grain and straw were attained with Zn then Fe and Mn came at the 
least value at (140 kg N/fed) . These values were 20.4, 18.2 and 14.7 kg/fed for grains and in straw 9.0, 8.5, and 
7.4 kg/fed, respectively. 
 Concerning the combined effect of N rates and methods of micronutrients application on P-uptake by grain 
and straw, the highest values were obtained under addition of 140 kg N/fed as foliar application. These values 
were 18.8 and 8.6 kg/fed for grain (Table 5 b and 6 b). These increase of P-uptake by grain and straw may be 
attributed to differences in i) CO2 production, ii) the cation exchange capacity of root, iii) the nature of 
rizosphere products , and iv) root surface area or morphology (Abd El-Kader, 2002). 
 In this concern, Izsaki, (2009), reported that, according to the N application rate (0, 80, 160, 240 kg/ha) 
resulted in higher grain yield and caused a rise in leaf N contents, and concentration. Also, an interaction was 
observed between the N concentration and Mn, P Zn contents of the leaf.  
 Generally, high significant effect of 140 kg N /fed fertilizer with foliar application with mixture 
micronutrients on uptake of phosphorus in straw and grain yield, these values were 26.9 and 10.2 for grain and 
straw yield (Fig. 4b and 5b) Siam et al., 2012. 
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Potassium Uptake: 
 
 Data shown in tables (5c) and Figs (4c and 5c) reveal that the effects of methods of micronutrients 
application and rates of N- and micronutrients fertilizer was significant on K-uptake on straw and grain by 
maize plant. The highest mean values of K-uptake of grains and straw were 32.2, 27.6 , 21.1 and 97.3, 92.6; 
80.4 kg/fed for foliar, coating and soil application, respectively (Tables 5 a ,b and 6 a, b). Generally, data 
indicated that the highest values were recorded for foliar application, while the lowest values were obtained for 
soil application. These results inagreement with those by Tejada and Gonzalez (2006) reported that foliar 
fertilizer application increased the leaf concentration of N and K. 
 Increasing the rates of N- was associated with significant increase in K- uptake in grains and straw. The 
mean values of the K-uptake for grain and straw were 25.7, 26.9 and 28.3 kg/fed for grain (tables 5b,c) and 87.9, 
90.1 and 92.6 kg/fed for straw (tables 6b,c) for rates of N- at 100, 120 and 140 kg/fed, respectively (Tables 6 b 
and c). Similar results were obtained by Sundar Singh et al., (1995) studied the response to N levels of 75, 100 
and 175 kg/fed and found that grain yield and K-uptake increased with increasing N-rates.These results agreed 
with those obtained by Polarzycki (2010 a) and Kader and Turan (2002). 
 Also, evident from tables (5 a ,c) that K-uptake by straw and grains of maize plants was significantly 
increased by addition of Zn, Mn and Fe treatments.Their application gave the greatest values followed by Zn 
>Fe>Mn, these values were 32.0 , 21.5 and 28.0 kg/fed, respectively for grain and for straw 105.3, 82.3 and 99.4 
kg/fed, respectively (Tables 5 a, c and 6 a, c). This respect, the mean values of K-uptake of straw was higher 
than in grain. The positive effects of micronutrients addition on K-uptake by straw and grain of maize plants is 
related to the positive effect on these elements on the plant growth and their effects role in different enzymatic 
functions and reactions. In addition, these nutrients as previously mentioned, provide plants with favourable 
nutritional condition, Abd El-kader (2002) and Dwivedi et al. (2002) reported that the uptake of N, P and K 
increased with the levels of Zn. 
 Furthermore, the highest mean values in k-uptake in maize plant were attained with Zn treatment followed 
by Fe then Mn. Also, Li Zuo et al (2010) appropriate Zn supply could enhance the maize yield and utilization 
rate of N and K. 
 Tables (5a and 6a) showed that the combined effect between micronutrients addition either individually or 
combined and methods of micronutrients application showed that K-uptake in maize plant was highest in grain 
and straw when addition mixture micronutrients as foliar application. Also, interaction effect between 
micronutrients and their methods of application on K-uptake was significantly when the pattern of foliar >seed 
coating>soil application occurred with micronutrients addition Bakry et al., 2009 and Yosefi et al., (2011) . 
These results may be due to addition of Zn, Fe, Mn alone or in mixture treatment make the plant grow well, 
consequently absorbing of plants increased.  
 Another interaction occurred between methods of micronutrients applied and N-rates on k-uptake by both 
grain and straw, the highest values was obtained with application of 140 kg N/fed and foliar application these 
values were 28.3 and 100.0 kg/fed for grains and straw, respectively (table 5 b and 6b) Khan et al., 2007 and 
Siam et al., 2008. 
 Zn application alone gave significant positive response under condition of applying 140 kg N/fed followed 
by Fe then Mn. Also, application of mixture treatment (Zn+Fe+Mn) where plants received 140 kg N/fed were 
superior to Zn or Fe then Mn. The highest values were 40.7 and 114.3 kg/fed for grain and straw (Tables 5c and 
6c). When addition Zn alone at 140 kg N/fed. for grain and straw, recorded the highest values comparing to Fe 
or Mn addition. These values were 33.7 and 109.2 kg/fed for grain and straw, respectively. Therefore, increased 
rates of N enhanced response to micronutrients application (Abd El-Kader 2002). Also, Waly (1996) Arvind and 
Verma Nepalia and Kanthaliya 2006 showed that N, P and K content on pea plants was improved by the 
addition of Zn, Fe and Mn sloley or in combination.  
 Data presented in Fig (4 c ,5 c) show that K –uptake in maize plants grains and straw significantly 
increased, when addition on of mixture micronutrients as foliar methods at 140.0 kg N/fed. These values were 
49.3 and 123.0 kg/fed for K uptake for grain and straw, respectively. These results agreement with those by 
Singh et al., 2009 . 
 Generally, it can be concluded from the aforementioned results that the increase of N levels and addition of 
micronutrients (Zn, Fe and Mn alone or Zn+Fe+Mn together) led to an increase of K-uptake of maize plant.  
 Finally, from the foregoing results it can be concluded that foliar application with micronutrients, has a 
positive effect on the quantity of maize plant.  
 In this concern, triple application (Zn, Mn and Fe) attained the highest values of maize yield and yield 
components as well as macronutrients contents followed by Zn followed Fe then Mn when addition alone, 
respectively. This reveals that application of micronutrients with methods application under level of nitrogen 
under investigation multanesously give additional positive effects on all abovementioned parameters. The 
greater response of maize plants to triple treatment as foliar application under 140 kg N/fed. 
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