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Abstract: Tow field experiments were carried out at Demo Village, El-Fayoum Governorate during 
2009 and  2010 seasons to study the effect of different nitrogen levels (100, 120 and 140kg N/fed). as 
ammonia gas by injection methods in soil, and micronutrients as Fe, Mn and Zn at a rate of 6 mg kg-1 
as soil application or 0.6 g/kg of seeds coating or 0.6 g/L as foliar spray and their combination on 
growth characteristics and nutrient uptake of maize plants (Zea mays Mill, cvs Single hybrid 10). The 
obtained results showed that plant height and dry weight per plant showed a significant effect under the 
applied ammonia gas levels in combination with micronutrients mixture treatment as foliar method 
which had surpiority than the other treatments and methods. Nitrogen, phosphorus and potassium, 
uptake by maize plant exhibited closely to the applied nitrogen levels either alone or in mixture 
treatments with micronutrients as foliar method than the others. Micronutrient uptake (Fe, Mn and Zn) 
in maize plant took similar place to the obtained trend for the macronutrients N, P and K.  
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INTRODUCTION 

 
 Maize is an important crop all over the world and also in Egypt. Its demand continuously increases. In this 
respect management of the soil cultivated with maize will be must. Nitrogen fertilizer considers the main 
limiting factor in crop production. Both organic and inorganic sources of supplemental nitrogen are available to 
the farmers. Costs and form of the supplemental nitrogen dictate which of these sources should be used in a 
given situation. In addition nitrogen fertilizer sources have considerable effect on both soil pH and solubility of 
cations. (Sutton et al., 1986) found that the yield of corn had increased with different nitrogen sources, only 
ammonium gas was more effective than Urea. Abd-El-Kader (2002) and Rauan (1986) reported that when the 
anhydrous ammonia injected before sowing, gave higher yield and, minerals uptake than other nitrogen sources  
(Siam et al., 2008 and Darwish, 1989) found a positive effect of N fertilization on grain yield, straw and whole 
plant of corn grown in alluvial soil. They added that this effect was in the order of ammonia gas > ammonium 
sulphate > ammonium nitrate > Urea. Success of any manuring regime is the sum of several divers’ issues such 
as application of the fertilizers at the suitable doses, time and place. However, direct salt applications to the soil 
may not lead to occur because the original cause of deficiency persists and renders the element added 
unavailable.  
 If it is impossible to lessen the effect of the causative factors, other measures must be taken to searching for 
different methods of application such as foliar application or coating seeds. Foliar application of micronutrients 
for most crops took the spriority and popularity in correcting micronutrients deficiencies in Egypt for as long as 
four decades ago with a great deal of effectiveness, (Gohar 1995, Baza et al., 1991 and Darweesh et al., 1990). 
However, the need is urgent to innovate of other methods of application as substitution ones, especially where 
the facilitates for foliar application are not available at all times. Coating seeds were tried since early. However 
these methods were tried in Egypt only on a small scale and only for certain micronutrients.  
 The essential roles of micronutrients in plant metabolism, as activators or co-factors in all vital processes of 
any plant, can not be ignored. This leads undoubtedly to an increase in the crop production, which is considered 
as the main goal in this respect (El-Kabbany et al., 1996). In this connection, many investigators have been 
reported by many workers such as Azer et al. (1992), Osman et al. (1991) and Amin et al. (1988), they showed 
that application of micronutrients significantly increased all yield components, as well as seed and straw yields 
of different crops.  
 The purpose of this work is to evaluate the effect of different rates of nitrogen addition as a form of 
ammonia gas by injection methods and rates of some micronutrients at different application methods..   
 

MATERIALS AND METHODS 
 
 Tow field experiments were conducted during 2009 and 2010 seasons at Demo Village, El-Fayoum 
Governorate, Egypt to evaluate the effect of different rates of 100, 120 and 140 kg N/ fed as ammonium gas 
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82% N form by injection method in a sandy loam soil as well as some micronutrients (Fe, Mn and Zn ) 0.6 g L-1 
as soil application or 0.6 g/ kg-1 as grain coating and 0.6 mgL-1 as foliar spray on maize plant of class (Zea mays 
Mill cvs single hybride 10). Grarins were first damped in 1% solution of triton as an adhesive agent and mixed 
with the micronutrients in chelate form (Zn-EDTA) Mn-EDTA and Fe EDDH A) at the rate of 0.6g/kg, Grains 
were allowed to dry before planting. Soil micronutrient application was used at a rate of 6ppm each chelated 
element and added before maize seed sowing.  Foliar spray of the studied micronutrients was applied at rate of 
0.6g/L at two intervals i.e., 30 and 50 days from planting. Volume of foliar solutions were about 400 L/fed. were 
added as solely element or mixture of three elements. Also, 220kg/fed. of superphosphate (15% P2O5) and 
75kg/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 15cm 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 devided into plots of an area 3.0 x 3.5 m 
(1/400 of feddan) for each one. Some physical and chemical properties of the studied soil are presented in Table 
(1). Complete randomized blocks design was used with four replicates in each treatment. Plant samples were 
collected from the different treatments at 60 days age, oven-dried (70°) and grounded. Nitrogen, phosphorus, potassium, 
iron, manganese and zinc were determined according to the methods outlined by Black et al (1982) and Jackson, (1973). 
The obtained data were statistically analyzed according to Stell and Torrie (1980).  
 
Table 1: Physical and chemical properties of the used soil.  

Soil properties Particle size distribution% 
pH 

1:2.5  

EC** 
dSm-1 

 

Organic 
matter 

CaCO3  

Physical  & 
Chemical 

Fine sand Coarse 
Sand 

Silt Clay Texture  
class 

% 

15.35 46.8 27.41 10.44 Sandy 
loam 

7.88 1.9 0.52 6.12 

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

**  soil extract (1:5) 

 
RESULTS AND DISCUSSIONS 

 
Plant Height:  
 Data in Tables (2 a,b,c) indicated that there is positive relationship between the applied nitrogen rates and 
plant height. The application of 140 kg N /fed. as ammonia gas fertilizer gave plant height greater by 12.3 % 
compared with 100 kg N/fed. Treatment Tables (2a,c). Foliar spray method of micronutrient recorded the 
significant values, especially when the mixture micronutrients compared with the solely others. The highest 
values was obtained by the application of mixture treatment as foliar method amounted by 169 cm/plant. 
Increasing N rates from 100 to 140 Nkg/fed. with micronutrients mixture in foliar methods treatment obtained 
significant values in plant height about 163, 170 and 173(cm) respectively,  compared to 101,115 and 119 (cm) 
in control treatments respectively,  according to nitrogen rates  100, 120 and 140 kg N/fed.fig.(1). L.S.D (2.03). 
These results attributed to that the micronutrients play important roles in stimulating the vegetative growth 
through increasing cell size and leaf area. Thus, the rate of photosynthesis increases (Siam et al., 2006 and 
Mahmoud et al., 1987).    
 Spraying each of (Fe, Mn and Zn) alone registered highest values in comparison with other application 
methods. Soil application of micronutrients registered the lowest values.  
 Siam et al. (2008) showed that the addition of ammonia gas fertilizer significantly increased plant height, 
fresh and dry weight, weight of leaves ear, ear weights, weight of grain and straw yield of maize as compared 
with urea fertilizer. These increases could be due to the amount of metabolic synthesized by plants as a result of 
increasing nitrogen levels. This may be attributed to the favourable effect of nitrogen fertilizer levels on the 
metabolic processes and physiological activates of meristimatic tissues (Zohry and Farghaly, 2003 and Yakout 
and Grish, 2002). 
 
Dry Weight:  
 Plant dry weight showed the same trend as plant height, where foliar method surpassed the other methods, 
micronutrients mixture treatment recorded the highest values, this increase reached 201,227 and 233% 
respectively compared to the control according to 100,120 and 140 kgN/fed.  Fig. (1) Also, the data presented in 
table (2b) showed that where mixture of micronutrients treatment was applied, as foliar spray, gave significant 
values of dry weight amounted to 34.56 % and 65.98 % compared to coating or soil methods applications 
treatments Table (2b). Another interaction occurred between N-rates and micronutrients application show that 
dray weight in maize plant was the highest at 140 kg N/fed. with mixture micronutrients treatment, which gave 
the highest mean values of dry weight by maize plant amounted to 4.56% or 19 %  at the rate of 120 or 100 
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kgN/fed. table (2a). Iron,  Zn, and Mn  addition alone as foliar application recorded highest values of dry matter 
compared to other application methods. Soil application  method gave the lowest figures. The superiority of 
foliar application on the other methods may be due to the satisfaction happened to plant need in proper time.  
The results also show in tables ( 2 b,c ) that the mean values of dry weight of plant were 23.2,17.6 and 14.8 
gm/plant for foliar , coating and soil application methods respectively.  In addition, micronutrients by foliar 
method were added at two interval time, i.e.  after 30 and 50 days from planting.  
 These results may be due to that foliar spraying result in quick absorption of the elements. These results are 
in confirmation with those obtained by Saim et al. (2006). Also Barsoom (1998) who reported that foliar 
spraying was more effective in increasing Zn and Mn content in maize plants than soil application which may be 
due to certain soil parameters. The same authors added that foliar treatments are the best method on Zn and Mn 
uptake. At the same Tables, data also showed that using coating seed with mixture micronutrients increased 
significantly dry weight by plant 22.3, 24.7 and 25.9 gm according to 100, 120 and 140kgN/fed compared to 
17.6, 20.5 and 21.7gm in soil methods treatments with mixture nutrients. Fig. (1) L.S.D (0.906).   
 Nassar (1997) Shams El- Din (1993) and Osman et al. (1991), attributed the efficiency of seed coating 
methods with micronutrients to its effect on the proliferation of roots through the soil. This leads the plant roots 
to absorb more nutrients and to correct the suitable requirements of Zn, Mn and Fe for plants, consequently 
producing a high quantity and quality yield.  Generally foliar spray of maize plants after 50 days from planting 
with the different micronutrients caused a highly significant increase in dry weight as compared to the other 
methods of application, those values of the dry weight of maize were 29.3, 33.7 and 36.3 gm/plant respectively, 
when plants sprayed weight mixture of three micronutrients according to 100, 120 and 140 kg N/fed (the 
highest), while were 17.6, 20.5 and 21.7 gm/plant for soil application (the least) and soil coating come in 
between (22.3, 24.7 and 25.9 gm/plant).fig(1). Amin et al., (2003) found that foliar spray of maize plants two 
times after 45 and 75 days from planting with the different micronutrients solutions caused highly significant 
increase in grains yield of about 19.2% as compared with other applied methods. 
 On other hand a positive relationship between nitrogen rates and dry weight may be due to the fact that 
nitrogen is the foundation structure of proteins synthesis.  In this concern, the addition of 140 kg N/fed as 
ammonia gas, increased significantly the dry weight. These values  was 16.70, 19.10  and 20.2 gm/plant at 100, 
120 and 140 kg N/fed tables (2 c, a ).  El-Douby et al. (2001) El-Naggar and Amer  (1999) found that maize 
grain yield was significantly increases, when N rate increased.  Maximum figure was obtained due to addition of 
140kg N/fed. Moreover, it is clear from Tables (2 a,c)  that increasing nitrogen level from (100 to 140 kg N/fed) 
significantly increased, plant height, dry weight. These increments may be due to the role of nitrogen in 
stimulating the build up of amino acids and growth hormones. This in turn acts positively in cell division and 
enlargement. All the differences between treatments were significant except some little values. Sutton et al., 
(1986) Found that the application of ammonia gas fertilizer gave the highest grain yield as compared with the 
other nitrogen forms. These results indicate the superiority of ammonia gas, this increases may be due to the 
noticed reduction in soil pH which in turn increased nutrients availability and improved the efficiency of 
nutrients uptake and amounts of dry yield of plants. Furthermore the decrease in soil pH after few days reflects 
the high concentration of NH4OH upon injecting ammonia into the soil, these results are in agreement with 
those obtained by Siam et al. 2008, Clay et al. 1990 and Norman et al. 1987. In this concern, Abd-El-Hamed et 
al. (1996) showed that plants fertilized with ammonia gas gave high values of vegetative, lowest values were 
obtained by urea.  
 

 
 
Fig. 1: Plant height and dray weight of maize plants at a stage of 60 days as affected by nitrogen levels and 

some micronulrients under different application method.  
 

Dry weight (gm) 
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Table 2a: Plant height and dry weight of maize plants at a stage of 60 days as affected by nitrogen rates and micronutrients application. 
Micronutrients 

(M) 
Plant height (cm) Dry weight (gm) 

100 120 140 mean 100 120 140 mean 
Control 101 115 119 112 9.72 10.3 10.9 10 

Fe 130.6 141 139 137 19.7 23 24.2 22.3 
Mn 115 129 131 125 13 15 15.8 14.6 
Zn 120.3 134 137 130.4 17.9 20.8 22.3 20.3 

Mix 141 151 154 149 23.1 26.3 27.5 25.63 
Mean 122 134 137  16.60 19.1 20.1  

L.S.D at 5% 
M N M.N  M N M.N  

0.992 0.602 1.3  0.314        0.317      0.58  
 
Table 2b: Plant height and dry weight of maize plants at a stage of 60 days as affected by some micronutrient and different application 

methods. 

Micronutrient (M) 
Application Methods (T) 

Plant height (cm) Dry weight (gm) 
Soil Coating Foliar Mean Soil Coating Foliar Mean 

Control 112 112 112 112 10.3 10.3 10.3 10.3 
Fe 126 135 151 137 16.8 20.5 29.2 22.17 
Mn 119 124 132 125 12.4 14.1 17.1 14.53 
Zn 123 128 141 130.6 14.8 18.9 26.6 20.10 

Mixture 132 146 169 149 19.7 24.3 32.7 25.47 
Mean 122 129 141  14.8 17.6 23.2  

L.S.D at 5% 
T M T.M  T M T.M  

1.44    0.992    1.99  0.41 0.341       0.427  
             
Table 2c: Plant height and dry weight of maize plants at a stage of 60 days as affected by nitrogen rates and micronutrient application 

methods. 
 Plant height (cm) Dry weight (gm) 
Application methods 
(T) 100 120 140 mean  100 120 140 mean  

Soil 112 126 129 122 13.2 15.4 16.1 15 
Coating 119.8 132.6 136.4 129.6 15.9 18.1 18.9 17.6 
Foliar 133 143 146 141 21 23.7 25.7 23 
Mean 122 134 137  16.70 19.10 20.2  

L.S.D at 5% 
T N       T.N  T N T.N  

1.44 0.602    2.00  0.41 0.371      0.53  

 
Nitrogen Uptake:  
 Data in Tables (3 a,b,c) indicated that nitrogen uptake in maize plant showed significant relationship with 
nitrogen applied rates. The mean value of N-uptake for maize at 60 days due to 100, 120 and 140 kg N/fed were 
314, 409and 428 mg/plant, respectively tables (3a, c). Micronutrients foliation with, Fe, Mn and Zn alone or as 
mixture gave the highest values of N uptake as compared with the other treatments.  The highest values of N-
uptake in maize plant were obtained with foliar application of mixture micronutrients was 819 mg/plant 
compared to 101mg/plant in control. Table (3b). The corresponding increase of N uptake under foliar 
micronutrients treatments as mixture in comparison with the control values were 677, 870 and 910 mg/plant 
respectively according to nitrogen rates 100, 120, 140 kg N/fed. (fig 2) L.S.D (70). Iron, Zn and Mn each of 
them alone showed a significant relationship between nitrogen rates and micronutrietns as foliar method. The 
highest values obtained when Fe or Mn or Zn applied alone as a foliar method at 140 kgN/fed. These values 
were 750 for Fe, 350 for Mn and 609 for Zn (mg/plant) respectively Fig. (2). L.S.D (23.9) Highest values of N 
uptake in maize leaves obtained when Fe was applied as a foliar method due to that iron inter in structure of the 
chlorophyll which is nutrition factor in plants as needs to nitrogen quality fundamental for forming the proteins 
which are basic of dry matter in plant. Soil application of iron registered lowest values, it may be due to contrary 
interactions which cause iron at an unavailable form to plant. All the differences between treatments were 
significant, except some little values.  
 Amin et al, (2003) noticed that when Fe was applied as foliar methods increases nitrogen uptake in maize 
plant was happened.  
 Moreover, another interaction occurred between N-rates as ammonia gas and methods of micronutrients 
application Table (3 c) showed that N-uptake in maize plant was highest at 140 kg N/fed with foliar method.  
This value was 546.mg/plant.  Also Fe addition has more pronounced effect on the uptake of N by maize plant 
these results can be explained by the interaction of nitrogen with iron through changes in soil pH, when 
ammonium nitrogen is absorbed, plants release protons causing the growth medium to be more acid and iron 
availability is increased  (Siam et al., 2006 and Marchener et al, 1982).  
 Ehab, et al., (1998) showed that the highest values of the dry leaf weight, were recoded due to the 
application of ammonia gas, while the application of ammonium nitrate gave the lowest values with significant 
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differences between the application of ammonia gas and the other nitrogen sources. While, no significant 
difference was obtained between the application of nitrogen as urea and ammonium sulphate in corn plants.  
 

 
 
Fig. 2: Nitrogen uptake (mg/1plant) in maize plants after 60 days as affected by nitrogen rates and some 

micronutrients under different application methods.  
 

 
 
Fig. 3: Phosphorus uptake (mg/plant) in maize plants after 60 days as affected by nitrogen rate and some 

micronutrients under different application methods.  
 

 
 
Fig. 4: Potassium uptake (mg/plant) in maize plants after 60 days as affected by nitrogen rates and some 

micronutrients under different application methods.  
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Table 3a: N, P and K uptake (mg/plant) in maize plants after 60 days as affected by nitrogen rates and micronutrients application. 
 N P K 
Micronutrients 100 120 140 mean 100 120 140 mean 100 120 140 mean 
Control 92 102 110 101 8.7 10 11.5 10 110 125 140 115 
Fe 404 559 571 511 72.2 81.2 85.6 80 427 461 483 457 
Mn 209 244 258 237 36.2 42.3 46.8 42 210 220 234 221 
Zn 323 412 447 394 60.1 66.1 71.8 66 311 335 351 332 
Mix 544 726.6 755 675 96.4 107 113 105.5 539 579 603 574 
Mean 314 409 428  55 61 66  319 342 358  

L.S.D at 5% 
M N M.N  M N M.N  M N M.N  

23.9 17.5 39.50  3.89 4.54 7.31  76.4 16.00 113  
 
Table 3b: N, P and K uptake (mg/plant) in maize plants after 60 days as affected by micronutrients application methods.  

Micronutrients  
(M) 

N uptake (mg/plant)  P uptake (mg/plant) K uptake (mg/plant)  
Soil Coating  Foliar  Mean Soil Coating  Foliar  Mean Soil Coating  Foliar  Mean 

Control 101 101 101 101 10 10 10 10 115 115 115 115 
Fe 366 503 665 511 40.6 75.10 123 80 334 456 582 457 
Mn 162 232 318 237 16.7 39.6 69.1 42 126 208 332 222 
Zn 237 443 501 394 26.7 59.1 112 66 196 340 462 332 
Mixture  533 674 819 675 64.3 97.6 155 105.6 450 526 745 574 
Mean  280 391 481  32 56 94  244 329 447  

L.S.D at 5% 
T M T.M  T M T.M  T M T.M  

30.7 23.9 45.5  2.92 3.89 5.18  46.8 76.4 100  
 
Table 3c: N, P and K uptake (mg/plant) in maize plants after 60 days as affected by nitrogen rates and micronutrients application methods. 

Application 
method (T) 

N P K 
100 120 140 mean 100 120 140 mean 100 120 140 mean 

Soil 235 299 306 280 27 32 36 32 227 249 256 244 
Coating 321 418 433 391 50 58 61 56 310 333 344 329 
Foliar 387 509 546 481 87 94 101 94 422 444 475 447 
Mean  314 409 428  55 61 66  319 342 358  

L.S.D at  5% 
T N T.N  T N T.N  T N T.N  

30.7 17.5 46.1  2.92 4.54 6.64  46.8 16.00 90.6  

 
Phosphorus Uptake:  
 Data in Tables (3 a,b,c) illustrate a positive relationship between nitrogen rates and phosphorus uptake in 
maize plants.  Increased N-rate beside the addition of Fe, Zn, Mn as mixture treatment increased P uptake 
(mg/plant).  The highest mean value of P uptake in maize plant were 113 mg/plant for mixture micronutrient at 
140 kg N/fed. Table (3 b)  these increases in P-uptake may due to the addition of micronutrient which 
considered as major components and activators of several enzymes and their involvement in metabolic 
activities, protein synthesis and carbohydrate metabolism and utilization of N  and P.  In this respect, Abd –El-
Kader (2002) noticed that phosphorus uptake by wheat plant at different stages of growth were significantly 
increased due to addition of Zn and Fe treatment. Mixture treatment of micronutrients recorded the highest 
values as a foliar method in P uptake by maize plants  about 144, 153 and 168 (mg/plant) respectively compared 
to 8.70, 10 and  11.50 mg/plant in control, respectively, for nitrogen rates of 100,120 and 140 kg N/fed.fig (3) 
L.S.D (9.35). The addition of mixture treatments of the micronutrients as soil method application registered the 
lowest values of P uptake. On the other hand, as the microelements (Fe, Mn and Zn) added alone as foliar spray 
recorded highest values of phosphorus uptake. Fe application gave significant positive response. The highest 
increase in P uptake in maize plant were attained with Fe treatment followed by Zn treatment, then by Mn 
treatment at 140 kg N/fed .  these values, were 85.6,71.8 and 46.8 (mg/plant )at 140 kg N/fed. respectively,   
table (3a) Manganese treatment as a foliar method gave the highest values in comparison with the other addition 
methods, The mean values of P uptake when addition Mn alone as foliar method application were 62.8, 70.8 and 
73.8 (mg/plant) for N-rates of 100, 120 and 140) kg N/Fed., respectively. While Mn addition as a soil 
application registered the lowest values of P uptake, amounted by 13.4, 15.9 and 20.8 (mg/plant) respectively, 
according to 100 ,120 ,140 kgN/fed. Fig (3). L.S.D. (9.35)  
 All micronutrient treatments at each addition methods gave a positive effect with the applied nitrogen rates 
on uptake. All the differences between treatments showed significant increase as P uptake. These results cleared 
that both nitrogen and micronutrients encourage phosphorus uptake, especially when mixture treatment of 
micronutrient used as foliar spray with 140 kg N/Fed. These results are in agreement with those obtained by 
Abd- El-Kader et al., 2007, Siam et al., 2006, Megalah et al., (1993) and Kumar et al., 1986). Also, Siam et al., 
2008 observed that the P uptake recorded the maximum value when maize plants received ammonia gas at 
140kg N/fed.  
 El-Shafie, (1994) and Mersal, (1996) showed that phosphate  fertilizers increased plant hight, dry weight 
and nutrients content of maize plants. This may be attributed to the important role of P in plant metabolism 
processes, roots growth and proliferation of plants which increase nutrients uptake. However the increase of 
nutrients absorption leading to an increase in dry weights.  
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Potassium Uptake:  
 Data in Tables (3 a,b,c) indicated that foliar application of micronutrients significant recorded values of  K 
uptake at all treatments compared with others such as coating method. While soil application was registered the 
lowest values of  K uptake.  The mean values of K uptake in maize plant were 447,329, and 244.mg/plant for 
foliar, coating and soil application, respectively Tables (3b,c).  Abd El-Kader, et al., (2007) showed that the 
effect of Zn and Mn by foliar method on P and K uptake of maize plants plays an effective role in different 
enzymatic functions and the plants grow well, consequently the absorbing efficiency of plants increases. The 
same trend was occurred with Zn and Mn treatments the mean values of the K uptake on maize plant were 
319,342and 358 mg/plant respectively for rates of N at 100,120and 140 kgN/fed. tables (3a,c).  
 140kg N/ fed level recorded the highest values of K uptake in comparison with other levels. Also, these results 
indicate that maize plants receiving 140 kg N/fed with mixture gave the highest values of K uptake in straw as 
539,579 and 603 (mg/plant) for rates of  N at  100, 120 and 140 kg N/fed, respectively table (3a) . Fayiad (1998) 
reported that increasing N level caused an increase of both P and K concentrations and their uptake by wheat 
plants.Also, Abd El-Kader (2002) and  Kumar et al. (1986) observed that the highest P and K contents and uptake 
at all growth stages of maize ear or straw and grain yield obtained significant results as of N x P x K interaction 
was used. On the other hand, highest rate and source of N with recommended doses of P and K, gave the best 
results of the ear leaf, straw and grain yield at all the stage of maize plant. Furthermore, Siam, et al. (2008) 
showed that the highest value of N, P and K uptake by maize plants were obtained when application of ammonia 
gas.  
 Micronutrients mixture treatment recorded the highest values for K uptake as foliar method at 140 kg/N/fed 
as compared with the other application methods. Where these values of K uptake amounted by 793 (mg/plant). 
Where the lowest values of K uptake (mg/plant) were obtained when  Mn was added as soil application method at 100 
kgN/fed, it was (119 mg/plant) fig. (4) L.S.D. (140).  
 On the other hand when the micronutrients (Fe, Zn and Mn), were added alone as foliar spray recorded highest 
values on K uptake as compared with counterparts in other application. These values of K uptake  were obtained 
under application of Fe, Mn and Zn treatments as foliar method 582, 332 and 462 in comparison with soil methods 
were 334, for Fe, 126 for Mn and 196 for zn (mg/plant) respectively, and 110,125 and 140 for control Table 
(3b).  
 
Micronutrients Content:  
 Data in Tables (4 a,b,c) indicated that foliar method recorded the significant  values at all treatments (Mix > 
Fe > Zn > Mn) as compared with the other application methods. Soil application methods registered the lowest 
values for (Fe, Mn and Zn) contents in maize plants at a stage of 60 days. The mean values of micronutrients 
content in maize plant were obtained at foliar application of mixture treatment, was  213 for Fe 78 for Mn and 
15 for Zn (ppm), respectively. While the lowest value was obtained with control, table (4b) (Barsoom, 1998).  
Amin, et al. (2003) found that foliar spray on maize plants two times with different micronutrients solutions 
caused a highly significant increase in grain yield of about 19.7%, while caused only a significant increase about 
12.7% in grain yield when plants sprayed with mixture of the three micronutrients.  
 Furthermore, micronutrients contents increased by increasing rate of anhydrous ammonia (at140kg/N/fed.) 
as foliar application registered higher values of micronutrients contents as compared with other treatments. The 
mean values  micronutrients content in maize plant were 187 for Fe 69, for  Mn and 11.5 for Zn (ppm) 
respectively, Table (4 c).  All treatments have a significant effect. Using ammonia gas fertilizer by injection 
methods in soil and application those micronutrients by foliar methods seemed that plants need those nutrition 
as soon as to contribute the plants growth. These results attributed to increase in utilization coefficient of 
ammonia gas as a source of nitrogen form. Also ammonia gas as the nitrogen source may promote changes in 
the mineral composition of plant. Siam et al. (2008) and Mengel and Kirkby (1982). Furthermore in table (4a) 
addition of 140 kgN/fed as ammonia gas with mixture treatment increasing 56 % for Fe , 75 % for Mn and 128 
% for Zn respectively compared to control.  
 However, plants received ammonium gas showed a significant higher level of Zn than those received other 
nitrogen form Amin et al. (2003).   
 On the other hand, when micronutrients (Fe, Mn and Zn) were added alone as foliar spray at 140 kg N/fed 
as ammonia gas recorded the highest values of Fe, Mn and Zn contents in comparison with other application 
methods These values were 223 for Fe, 85 for Mn and 15.8 for Zn (ppm), respectively. Fig (5).   
 In addition significant differences were noticed for Fe and Mn concentrations in the ear leaf of corn plants 
treated with the tested nitrogen fertilizers. In this concern, Fe addition has more pronounced effect on the 
micronutrients content than addition of Mn or Zn.  This result may be due to when plant was allowed to take up 
NH4 due to ammonification, a  localized drop of pH was occurred in the rhizosphere zone due to NH4 uptake. 
This change of pH in the rhizosphere was sufficient to mobilize enough Fe2+ near the root to allow Fe uptake by 
the plant (Siam  et al., 2006 and Kafkai and Ruth, 1985). Micronutrients as mixture treatment used as foliar 
application registered highest values of micronutrients content in maize plant as compared with counterparts in 
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the other methods. Increasing N rate  from 100 to 140 kg N/fed, content values were 201, 215 and 223 (ppm) for 
Fe, 71 and 78 and 85 (ppm)  for Mn and for Zn 14.3, 14.9 and 15.8 (p.p.m)  respectively, according to nitrogen 
rates (100, 120, 140) kg N/fed. While the lowest content values recorded when addition of Mn as soil 
application were 143 , 151 and 158 for Fe, 51 , 58 and 64 for Mn and 5.54 , 5.65 and 6.40 for Zn (p.p.m). Figs. 
(5a,b, c)L.S.D. (6.26, 4.5 and 0.503) respectively.  
 Römheld and Marschner (1991) noticed that applying Fe, Mn and Zn significantly increased plant height, dry 
weight and nutrients uptake of maize plants, but the dry weight increasing happened when trace elements used as 
foliar than the soil application method. The positive effect of this micronutrient on plant growth may be due to its 
effect as a material component of some enzymes or regulatory for the other, Zn has an essential role in tryptothan 
synthase and metabolism. 
 Generally, the response of maize plant to Fe, Zn and Mn may be due to the important roles of these 
elements in enzymes activation and hormones regulation, in metabolism of carbohydrate, proteins and auxins 
and also in multiple processes, development, division and differentiation of cells (Römheld and Marschner, 
1991). In addition, Fe is characteristics for its ability to undergo oxidation-reduction reaction and to form a 
component of chlorophyll. Zn also plays an essential role in the synthetase and metabolism of tryptophane. Mn 
influences directly the indole acetic acid balance in plants, responsible for plant height (Moore and Patrick, 
1988).  
 In this respect, Nassar et al. (2002) Nassar (1997) on wheat Waly (1996) on Pea found that the addition of 
micronutrients simultaneously gives an additional enhancing effect in NPK contents, compared with the 
individual applications. Moreover, the superior effect of the mixture treatment may be due to the suitable 
balance between the aforementioned micronutrients, which enable the plants to grow well and to absorb more 
quantities of NPK.   
 

 
 
Fig. 5a: Fe contents (ppm) in maize plants after 60 days as affected by nitrogen rates and some micronutrients 

under different application methods.   
 

 
 
Fig. 5b: Mn content (ppm) in maize plants after 60 days as affected by nitrogen rates and some micronutrients 

under different application methods.   
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Fig. 5c: Zn content (ppm) in maize plants after 60 days as affected by nitrogen rates and some micronutrients 

under different application methods.   
 
Table 4a: Micronutrients uptake (ppm) in maize plants after 60 days as affected by application of micronutrients and nitrogen rates. 

 Fe Mn Zn 
Micronutrients 100 120 140 mean 100 120 140 mean 100 120 140 mean 

Control 121 123 133 126 41 41 44 42 3.99 4.1 5.9 5 
Fe 179 186 194.6 186.5 50.6 54 59 55 8.74 9.1 10.4 9 
Mn 152 160 168 160 60 65 71 65 7.24 7.45 8.52 8 
Zn 164 173 179 172 51.7 59 65 59 10.3 10.8 11.7 11 

Mix 190 199 208 199 65 71 77 71 12.1 12.5 13.5 13 
Mean 161.2 168.2 176.5  54 58 63.2  8.474 8.79 10.004  

L.S.D at 5% M N M.N  M N M.N  M N M.N  
 1.54 31.7 3.42  1.16 2.34 3.40  0.316 0.226 0.42  

 
Table 4b: Micronutrients uptake (ppm) in maize plants after 60 days as affected by different application methods and some micronutrients 

application.  
 Fe Mn Zn 
Micronutrients Soil  Coating  Foliar  Mean  Soil  Coating  Foliar  Mean  Soil  Coating  Foliar  Mean  
Control 126 126 126 126 42 42 42 42 4.66 4.66 4.66 4.66 
Fe 174 185 200 186.30 47 55.3 62 55 7.53 9.84 10.80 9 
Mn 151 158 171 160 57.7 65.7 73 65.0 5.86 8.05 9.31 8 
Zn 162 170 184 172 52.7 58.3 65 59.00 9.18 10.9 12.7 11 
Mixture  189 195 213 199 63.7 71.3 78 71 10.5 12.5 15.00 13 
Mean 160 167 179  53 59 64  7.55 9.19 10.50  

L.S.D at 5% 
T M T.M  T M T.M  T M T.M  

4.02 1.54 4.55  1.16 2.34 2.40  0.161 0.316 0.37  
 
Table 4c: Micronutrients uptake (ppm) in maize plants after 60 days as affected by different application methods and nitrogen rates.  

 Fe Mn Zn 
Application 
methods 100 120 140 mean 100 120 140 mean 100 120 140 mean 

Soil 154 160 167 160 47.4 53 58 53 7.04 7.23 8.37 7.55 
coating 160 166 175 167 54 58 64 59 8.57 8.86 10.10 9.18 
Foiliar  170 178 187 179 59.6 64 69 64 9.76 10.30 11.50 10.52 

Mean 161 168 176 178 54 58 65  8.46 8.79 10  
L.S.D at 5% T N       T.N  T N      T.N  T N       T.N  

 4.02 31.7 5.27  1.16 1.1 2.26  0.161 0.226 0.27  

 
 Generally, all treatments containing any elements had a superior effect on increasing its presence in leaves. 
In this respect, mixture nutrients gave the highest increase of Fe, Mn and Zn contents. These results are in a 
agreement with those obtained by Nassar (1997) on wheat and  Osman et al., (1993) on corn. Obtained data 
Table (4b) showed that Fe concentration in leaves of maize plant increased when Fe alone was applied by the 
three different methods, when Mn or Zn was applied alone by the three different methods, Fe concentration had 
decreased. However, It was noticed that the highest Fe concentration in leaves of maize plant was noticed when 
the mixture of the three nutrients was applied by foliar spray method at 140kg N/fed treatment.  
 Also, Zn concentration in leaves of maize plant increased when Zn was applied by three different methods, 
Zn concentration decreased when Mn or Fe was applied alone. Also Mn was increased when added alone, while 
Mn concentration decreased when Zn or Fe was applied alone by their different application methods. Generally, 
application of the mixture by foliar method recorded the highest concentration of Zn or Mn at 140kg N/fed. 
Intensive look of obtained results revealed that there are mutual relations or antagonisms between, FexMn, 
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FexZn and MnxZn. Such effects were previously reported by Badr and Estefanous (1997) El-Melegy et al. 
(1997) and Amin et al. (1981).  
 
Conclusion: 
 Finally, injection ammonia gas method in soil up 140kg N/fed. confirmed efficiency of growth components 
of maize plant compared with other nitrogen levels and application methods. So micronutrients (Fe, Mn and Zn) 
alone or of mixture form by foliar application method gave a positive effect on plant growth and its components 
than using each trace element alone or using other fertilization methods. So, it leads to two important 
conclusions. Firstly, the foliar spray with micronutrients enables the plants to grow well and to absorb more 
nutrients from the soil. Secondly, application of Zn, Mn and Fe simultaneously attains a suitable balance 
between them, which is required to obtain the best growing, strong and healthy plants in comparison with 
application of these elements individually or in dual mixtures  
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