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ABSTRACT 

 
Maximizing yield is a vital component of economical corn yield. Field trial was laid out at the Sharkia 

governorate on Delta region to investigate the response of corn plants (Zea mayes L.) to soil and foliar NPK 
application of during the successive growing season 2010. A split-split plot with completely randomized block 
design of three replications was adopted. The main plots were assigned to the two fertilization methods of 
soluble fertilizers foliar application (FA) and soil application (SA). While, the sub-plots were occupied by the 
four fertilization rates (F0 (control), F1; 50%, F2; 100% and F3; 125% of recommended rates). Our obtained 
results can be summarized that the superiority of foliar application than soil addition in increasing the vegetative 
growth, ear yield (Mg acre-1) and nutrients uptake of NPK by corn plants (Zea mays). Regarding with the effect 
of NPK fertilizer rates the obtained results indicated that application of 125%NPK fertilizer gave the highest 
means of fresh and dry weight of plants and ear yield (Mg acre-1) as well as nutrients absorbed by corn plants as 
compared to the other treatments. Further, the application of foliar NPK fertilizers at 125% resulted in a 
remarkable increase in the all investigated parameters of corn plants under the experimental conditions. A 
highly significant correlation between grain yield and N (r = 0.965, n = 9, p > 0.05), P (r = 0.847, n = 9, p > 
0.05) and K contents (r = 0.843, n = 9, p > 0.05) in the of corn plants was found under foliar application method 
as compared to the soil application method. 
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Introduction 

 
Managing fertilizer inputs is essential as they can be a significant portion of total crop input costs. Most 

research focuses on managing fertilization needs through this nutrient supply system. Foliar feeding is a 
technique of feeding plants by applying liquid fertilizer directly to their leaves. It has been known for many 
years that plants are able to absorbed essential elements through their leaves. The absorption takes place through 
the stomata of the leaves and also through the epidermis. Plants can absorb a small amount of nutrients from 
dilute solutions sprayed on to the leaves. Since the amount of micronutrients needed by plants is very small, 
these can be supplied as foliar sprays, especially if nutrients are chelated for better absorption (Gooding and 
Davies, 1992). Plants can also absorb macronutrients through the leaves, but it is not possible to supply 
sufficient amounts by only this way, these must be taken up by the roots.  

Previous research has shown that this method of application has the potential to increase crop yield, 
(Gooding and Davies, 1992;, Ling and Moshe,2002; Rizwan et al.,2003, Law-Ogbomo and Law-Ogbomo 2009; 
Provez et al., 2009; Ayten et al., 2011), they indicated that the foliar application has excellent methods, and 
personnel to provide accurate results, and have helped us to obtain large yield improvements in soybeans from 
foliar applications of macro and micronutrients. 

Regarding with corn crop, the applications of NPK fertilizer significantly increased plant height; stem girth, 
number of leaves, leaf area, leaf area index, dry matter accumulation and yield (Kolawole and Loyce,2009; 
Mohamed et al.,2010). The optimum level of NPK 15:15:15 fertilizer (60 kg N + 27.16 kg P + 45.80 kg K) 
compound fertilizer for successful production of maize grains was 400 kg ha-1 based on the fact that it had the 
greatest dry cob yield (12.44 t ha-1), grain yield (7.95 t ha-1), relative grain yield (2.26 g) and 100-seeds weight 
(11.26 g). Moreover, the foliar application increased grain protein and yield after harvest with increasing N from 
100 kg N ha-1 to higher rates only (Lory et al.,1995). The average maximum corn grain yield of 3.52 t ha-1 was 
obtained from 200 kg N ha-1 with foliar application (Mohammad et al.,2008). In addition, foliar applied K 
fertilizer increased corn (Zea mays L.) yield and larger soybean acreage, foliar K may be a supplemental option 
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when climatic and soil conditions reduce nutrient uptake from the soil (Kelly et al.,2004; and Yuncai et al., 
2008). On the other hand, soil application is the best way to deliver nutrients to plants, which showed that the 
application of NPK at (120-90-60 kg ha-1) caused significant increase of 20 and 23% in shoot and 39 and 32% in 
root dry weight of maize plants as compared to control. Finally the plants received nutrients by foliar spray 
performed similarly with those that were fertilized with soil applied NPK fertilizers (Mazhar and Antonio 2004; 
Liu and Enhe,2005; Akanbi et al., 2002). The performance of plants with these two sets of nutrient sources were 
better than what was observed with the control non fertilized plants. The objective of this work is to evaluate the 
effect of foliar and soil application on nutrients uptake of corn crop (Zea mays) under clay soil conditions.  
 
Materials and Methods  
 
Experimental set up: 

 
Field experiment was carried out under the conditions of Delta region at the Sharkia governorate to 

investigate the response of corn plants (Zea mayes L.) to foliar and soil addition of NPK fertilizers during the 
successive growing season 2010, the seeds obtained from Agricultural Research Center. A split-split plot with 
completely randomized block design of three replications was adopted. The main plots were assigned to the two 
fertilization methods of soluble fertilizers foliar application (FA) and soil application (SA). While, the sub-plots 
were occupied by the four fertilization rates (F0 (control), F1; 50%, F2; 100% and F3; 125% of recommended 
rates), and the sub plot area was 20 m2 (5m length and 0.7m width). The total number of this trial is (2 
fertilization methods x 4fertilization rates = 8 treatments). Each treatment was replicated 3 times to give a total 
of 24 experimental units. Soil application by conventional method of N, P and K- fertilizer application (side 
dressing method). While, foliar application method (fertilizers added through water). Nitrogen was added in the 
form of urea (19%N), phosphorus in the form of (19% P2O5) and potassium as (19% K2O). The recommended 
dose of corn plants (100 kg N + 100kg K+ 60kg P2O5 acre-1) was done as the following of the guidelines given 
by Ministry of Agriculture. 
 
Soil sampling and chemical analysis: 

 
Representative surface soil sample at 0-30 cm was collected, air-dried, crushed, and passed through a 2-mm 

sieve and preserved for analysis. Particle size distribution for soil was carried out using the pipette method and 
total carbonate was estimated gasmetrically using Collins Calcimeter and calculated as calcium carbonate 
(Dewis and Fertias, 1970). The investigated soil is clayey in texture (Typic torrerts) was taken from Diarb 
Nagem district, Sharkia Governorate as shown in Table 1.  
 
Table 1: Some physical and chemical characteristics of the experimental soil. 

Soil properties Values 
Mechanical analysis 
Coarse sand (%) 2.10 
Fine sand (%) 22.00 
Silt (%) 25.34 
Clay (%) 50.56 
Texture class clay 
pH (1:2.5 soil water suspension) 7.7 
CaCO3 (%) 0.60 
EC dSm-1 (1:5 soil water extract) 2.36 
Available nutrients (mg kg-1 soil)  
Available N  39.13 
Available P  6.60 
Available K  200 

 
Soil reaction (pH) was measured in saturated soil paste using combined electrode pH meter 

(Richards,1954). Total soluble salts were determined by measuring the electrical conductivity in the extraction 
of saturated soil paste in dSm-1 (Hesse,1971).  

Available soil-N was extracted using KCl (2.0 M) and determined by using macro-Kjeldahl (Hesse,1971), 
and available soil-P was extracted with NaHCO-

3 (0.5 M) at pH 8.5 and determined calorimetrically after 
treating with ammonium molybdate and stannous chloride at a wavelength of 660 nm (Olsen and 
Sommers,1982). Finally, available soil-K was determined by extracting soil with ammonium acetate (1.0 M) at 
pH 7.0 using flame photometer (Hesse,1971).  
 
Plant sampling and chemical analyses: 
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A random sample of 6 plants from each treatment (two plants from each replicate at each sampling day) 
was chosen after 45, 90 and 110 days after planting.  

The samples were directly transferred to the laboratory, cleaned with tap water to get free from any 
adherent dust or clay, then at harvest, the vegetative samples were separated into two parts i.e. foliage (leaves + 
stems) and grains, where growth parameters were measured and recorded. To analyze macronutrients in corn 
plants, samples were taken from each plot, dried at 70°C, and grounded using stainless steel equipment. From 
each sample 0.2 g was digested using 5 cm3 from the mixture of sulfuric (H2SO4) and perchloric (HClO4) acids 
(1:1) to determine NPK concentrations (Cottenie et al.,1982). Total nitrogen was determined by micro-Kjeldahl 
method (Hesse,1971). Total phosphorus was determined calorimetrically at wavelength 680 nm using 
spectrophotometer (Spekol) and total potassium was determined by using Gallen Kamp flame photometer 
(Cottenie et al.,1982). 
 
Statistical analysis: 

 
Data were statistically analyzed using descriptive statistics and analysis of variance (ANOVA). Based on a 

two-way ANOVA, the effect of foliar and soil application and mineral-fertilization treatments as well as their 
interactions were investigated (Duncan,1955) using CoStat (Version 6.303, CoHort, USA, 1998–2004). Means 
of treatments were considered significantly different using the least-significant-differences test (LSD) at the 
confidence level of 5% (Gomez and Gomez,1984). Further, Partial coefficient of determination (r2) was 
estimated for each component to evaluate the relative contribution and to construct the prediction model of grain 
yields (y) according to the following equation; Y = a + b1x1. 
 
Results and Discussion 
 
3.1. Fresh and dry weight: 

 
The recorded results in Table 2 indicate clearly that there are significant differences between average of 

fresh and dry weight (g plant-1) as affected by NPK fertilizer methods at 45 and 90 DAP respectively.  
 
Table 2: Effect of application methods, NPK fertilizer rates and their interaction on fresh and dry weight (g plant-1) during 2010 season. 

Parameters
Treatment 

Fresh weight  Dry weight
45 DAP  90  DAP 45  DAP 90  DAP Harvest 

Mean values as affected by application methods 
Soil application 152.34 217.46 80.76 105.17 60.03 
Foliar application 156.08 229.37 86.94 113.65 55.84 
Mean values as affected by NPK fertilizer rates 
Without 145.92 203.64 79.89 96.37 55.08 
50% 153.56 207.86 82.17 104.25 56.95 
100% 157.78 217.19 83.17 110.56 59.61 
125% 159.58 264.98 90.17 126.45 60.10 
Mean values as affected by application methods and NPK fertilizer rates 

Soil application 

Without 142.63e 202.04e 73.79d 94.18f 58.27 
50% 150.54cd 208.03de 83.45ab 97.54e 58.61 

100% 155.61b 214.54d 75.59c 105.38d 61.60 
125% 160.58a 245.27b 90.22a 123.55b 61.62 

Foliar application 

Without 149.21d 205.28de 85.98b 98.55e 51.88 
50% 156.58b 207.68de 80.89ab 110.95d 55.28 

100% 159.95ab 219.83c 90.75a 115.73c 57.62 
125% 158.58ab 284.68a 90.12a 129.35a 58.57 

1Means within a column followed by the same letters are not significantly different (P < 0.05).
 

                   
As shown in the same Table, the highest mean value of fresh and dry weight were 229.37 and 113.65 g 

plant-1 obtained from the application of NPK fertilizer through foliar application at 90 DAP, respectively as 
compared to 45 days after planting. The increase in fresh and dry weight could be interpreted on the basis of the 
role N and K in improving plant metabolism, enhancing plant merstimatic activity and increasing photosynthesis 
rate (Mengel and Kirkby, 2001). Further, the application of foliar fertilization improve plant growth as fresh and 
dry weight although there was a reduction in evapotranspiration, and increased the uptake of K, Ca, Mg and P 
elements (Yuncai et al., 2008) 

Also, the same Table indicates that there are significant differences between fresh and dry weight (g plant-1) 
as affected by NPK fertilizer rates at 45 and 90 DAP, the highest value of fresh and dry weights were 264.98 
and 126.45 g plant-1 found with NPK fertilizer rates as 125% at 90 DAP compared with the others. Such 
increase may be due to improving the plant growth as a result of more water absorption and more uptakes of N, 
Mg and Fe elements. Such elements have close association in chlorophyll biosynthesis. It may be also attributed 
to the nutrients, which cause increasing in growth and photosynthesis efficiency Mengel and Kirkby,2001). This 
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might be related to the favourable effects of NPK on the vegetative growth and photosynthesis pigments, which 
possibly increased the efficiency of photosynthesis (El-Hamdi and Woodard,1995) 

According to interaction effects between fertilizer application methods and NPK fertilizer rates, the highest 
values of fresh weight were 160.58 and 284.68 g plant-1 occurred with foliar application at 125 % at 45 and 90 
DAP, respectively. The contrary, the lowest values of fresh weight were 142.63 and 202.04 g plant-1 observed 
with soil application jointly with unfertilized plants at the aforementioned stage. As shown in the same Table, 
the plants that received 100% NPK fertilizer by foliar application method gave the highest mean values (90.75 g 
plant-1) of corn dry weight at 45 DAP, meanwhile at 90 DAP, foliar application with 125 % NPK fertilizer 
achieved the highest mean value (129.35 g plant-1). Contrary, the unfertilized plants produced the lowest mean 
value 51.88 g plant-1 of dry weight under foliar application on harvesting stage. The simulative effect of NPK 
fertilizer on dry weight of foliar application may be due to that N is an essential element for building up 
protoplasm, amino acids and proteins which induce cell division and initiate meristematic activity phosphorus is 
a part of molecular structure of nucleic acid (DNA and RNA), the energy transfer compounds and P proteins. 
Moreover, potassium is very important in overall metabolism of plant enzymes activity, it was found to serve a 
vital role in photosynthesis by direct increasing in growth and leaf area hence CO2 assimilation. K also has a 
beneficial effect on water consumption (Yuncai et al., 2008; Marschner,1995).   
 
3.2. Yield and its components:-  

 
As illustrated in Table 3, the obtained results indicate that there are significantly differences between 

averages of ear weight (g), ear length (cm) as affected by NPK fertilizer application methods except for weight 
of 100 grain (g) and number of rows at harvest stage under experimental conditions. 

Data in the same Table indicate that the maximum mean values of ear weight (g), 100 grain weight and 
number of rows as well as ear length (cm) were 356.65 g, 13.82g, 13.42 and 20.84 cm with foliar application of 
NPK fertilizers, respectively. On the other hand, the lowest values of the aforementioned parameters were 
336.15, 13.08, 12.67 and 17.42 cm occurred with soil application.  

 
Table 3: Effect of application methods, NPK fertilizer rates and their interaction on ear weight (g), weight of 100 grain(g), number of rows,  
              and ear length (cm) at harvest during 2010 season. 

Parameters  
Treatments                         Ear weight (g) Weight of 100 

grain
Number of rows Ear length 

(cm) 
Mean values as affected by application methods 
Soil application 346.57 13.55 13.42 17.42 
Foliar application 356.65 13.82 13.25 20.84 
Mean values as affected by NPK fertilizer rates 
Without 336.15c 13.08d 12.67c 16.62d 
50% 352.93b 13.56c 13.00b 18.19c 
100% 357.23ab 13.83b 13.67ab 19.62b 
125% 360.13a 14.26a 14.00a 22.10a 
Mean values as affected by application methods and NPK fertilizer rates 

Soil application 

Without 331.30f 12.90f 12.67c 14.50f 
50% 345.23d 13.41d 13.00b 16.70e 

100% 353.43c 13.93c 13.67ab 18.10d 
125% 356.33b 13.94c 14.33a 20.37c 

Foliar application 

Without 341.00e 13.25e 12.67c 18.73d 
50% 360.63ab 13.71b 13.00b 19.67c 

100% 361.03ab 13.72b 13.67ab 21.13b 
125% 363.93a 14.58a 13.67ab 23.83a 

1Means within a column followed by the same letters are not significantly different (P < 0.05). 
 
As shown in Table 3, the highest mean values of ear weight, 100 grains weight, number of rows and ear 

length were 360.13 g, 14.26 g, 14.00 and 22.10 cm occurred with 125% of NPK fertilizer, respectively. The 
foliar application significantly increased hundred grain weight, biological yield, grain yield and N uptake by the 
crop (Provez et al.,2009). Results showed that foliar fertilization increased yield in 15 to 30 percent of field 
depending on the trial set and year, and about 15 percent of field on average, but suggested that conditions in 
which a response to foliar fertilization was more likely included ridge-till and no-till field and slow early plant 
growth and P or K uptake due to cool early temperatures and excessive rainfall (Asadi et al.,2002) therefore, 
conditions that inhibit root growth and/or nutrient uptake early during the growth season (except drought) 
increased the likelihood of the yield response.  

According to the combined effects of fertilizer application methods and NPK fertilizer rates, there are 
significantly differences between ear weight (g), number of rows and ear length (cm). The highest mean values 
of ear weight, 100 grains weight and ear length were 363.93 g, 14.58 g and 23.83 cm with foliar application at 
125% NPK fertilizer. While, the highest mean value of number of rows was 14.33 occurred with soil application 
at 125%.  
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It was noticed that the best results of ear weight, 100 grains weight, ear length observed with foliar 
application at 125%, while the best results of number of rows and ear yield found with soil application at the 
same recommend rate. The foliar application could be considered as the best way to reduce the salt 
accumulation and maintain necessary fertility levels in plant root zone and consequently improve plant growth 
particularly under saline conditions (Mohamed et al.,2010) 

A glance on Fig 1, it can be generally noticed that all application with 50, 75% and 100% with foliar or soil 
application methods recorded the highest values of ear yields (Mg acre-1) as compared with the control. 
Furthermore, the maximum value of ear yield was 5.66 ton acre-1 was produced from foliar application 
combined with 125% of NPK fertilization during the growing season. While, the minimum mean value of 
aforementioned attribute was 4.30 ton acre-1 occurred with the control. 

 

 
Fig. 1: Grain yield (ton acre-1) as affected interactive effect of application methods and NPK fertilizer  
             treatments.  

 
3.3. Nutrients uptake: 

 
Nitrogen being one of the major plant nutrients is often supplied to obtain optimum crop production. Fig 2 

illustrate that the effect of application methods, NPK fertilizer rates and their interaction on nitrogen uptake (g 
plant-1).   

 

 
Fig. 2: N uptake (g plant-1) as affected interactive effect of application methods and NPK fertilizer treatments. 

 
Regarding with the application methods, foliar application the most pronounced treatment which gave the 

highest significant increases in absorbed N by plant tissues (2.16 g plant-1) with 125% NPK fertilizers. 
Meanwhile, soil application with 50% NPK recorded the highest values (1.96 g plant-1) as mentioned in Fig 
2.These conclusions were confirmed with those obtained by (Gooding and Davies, 1992; Anthon and Haward, 
2001) who reported that the foliar application reduced nitrogen losses through denitrification and leaching 
compared with nitrogen fertilizer applications to the soil; the ability to provide nitrogen when root activity is 
impaired in saline or dry conditions, and uptake late in the season to increase grain nitrogen concentration. This 
result may be due to that application of N-fertilizer into the foliar resulted in much higher N-fertilizer uptake by 
plant (Mohamed et al.,2010) they revealed that the foliar application significantly reduced the amount of N2 
fixed. 
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Examination of Fig 3 reveals that increasing NPK rates increase P uptake by whole corn plants. The 
descending order for each measurement was: 125 > 100 > 50 % > control. Further, the highest mean value of P 
uptake observed with foliar application as compared the other as shown in Fig 3. These results are in harmony 
with those obtained by (Yuncai et al., 2008) reported that the application of foliar fertilization increased the 
uptake of K, Ca, Mg and P elements, which may be attributed to decreased transpiration. 

 

 
Fig. 3: P uptake (g plant-1) as affected interactive effect of application methods and NPK fertilizer treatments. 

 
According to interaction effects between fertilizer application methods and NPK fertilizer rates, there are 

negligible differences between means of absorbed P by whole plant (g plant-1) under either soil or foliar 
application methods. It can be concluded that the marked results of absorbed P nutrient were observed with 
foliar application at 125% of NPK fertilizer. The foliar application increased P concentration and its uptake 
which suggesting that phosphorus was absorbed poorly by the roots, but was well absorbed by the leaves (Thao 
and Yamakawa, 2008). Also, the P use efficiency as applied to the soil is very low because more than 80% of 
the applied P becomes immobile and unusable by the plant because of adsorption, precipitation or conversion to 
organic form. 

As shown in Fig 4, K absorbed by whole plant was increased with increasing the application rates. Also, the 
maximum mean value of K uptake was 1.85 g plant-1 observed with foliar application. On the other hand, the 
lowest mean value of K uptake was 1.0 g plant-1 with soil application. It can be noticed that the foliar 
application increased the K concentration and results showed that the benefits of foliar applied plant nutrients in 
treatments with half rates of NPK fertilization (Paul and  Qaiyyum, 2009) 

 

 
Fig. 4: K uptake (g plant-1) as affected interactive effect of application methods and NPK fertilizer treatments. 

 
As shown in Fig 4, it can be noticed that the high values of absorbed K by plant tissues recorded with the 

foliar application method compared with the soil application method. Furthermore, the increasing the rate of 
NPK fertilizer the increase in the quantities of absorbed P element by plant tissues. Fig 4 displayed that the 
highest mean value of K uptake was 1.53 g plant-1 obtained with both of 100% and 125%NPK fertilizer through 
foliar method. Meanwhile, the lowest mean value of K uptake was 0.21 g plant-1 occurred with the control. 
Lastly, the foliar application is a convenient and efficient operate and provides a low-cost approach for 
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correcting K deficiency by allowing low rates frequent applications (Rolston et al., 1979) thus avoiding excess 
use and build up of salts while maintaining high nutrient availability. 
 
3.4. Relation between grain yields and nutrients uptake in corn plants: 

 
In order to investigate whether grain yields was related to nutritional status of corn plants, the yield of 

grains were plotted as a function of N, P and K accumulations in corn plants as shown in figure 5. 
 

 

 

Fig. 5: Relation between grain yields (Mg acre-1) and absorbed N, P and K nutrients (g plant-1) by zea mays  
            plants.   

 
A highly significant correlation between grain yield and N (r = 0.965, n = 9, p > 0.05), P (r = 0.847, n = 9, p 

> 0.05) and K contents (r = 0.843, n = 9, p > 0.05) in corn plants (zea mays) was found under foliar application 
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method, whereas the correlation was moderate for N and K (r =0.584 and 0.543, n = 9, p > 0.05) under soil 
application method (Fig. 5). On the other hand, the weakest correlation between grain yield and P content (r = 
0.394, n = 9, p > 0.05) in corn plants was occurred with soil application. These results may be attributed that 
foliar fertilization increased biological yield and nutrient absorbed by plant tissues (Provez et al.,2009)  
 
4. Conclusions: 

 
From our obtained results, we can concluded that the superiority of foliar application than soil addition in 

increasing the vegetative growth, ear yield and the absorption of NPK nutrients by corn plant tissues. Regarding 
with the effect of NPK fertilizer rates the obtained results indicated that application of 125%NPK fertilizer gave 
the highest means of fresh and dry weight of plants and ear yield (Mg acre-1) as well as N, P and K nutrients 
absorbed by corn plant tissues. Lastly, the application of foliar NPK fertilizers at 125% resulted in a remarkable 
increase in the all investigated parameters of corn plants. 
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