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ABSTRACT: Two field experiments were conducted at El-Kassasin Farm, Ismailia 
Governorate, Egypt, (30º 33  31״ ׳   N-30°56  7״ ׳   E, elev. 15.8 m) during the summer 
seasons of 2014 and 2015 on maize plants (c.v. single hybrid 30K8) grown on a sandy 
loam soil to study the effect of applying different sources of N-fertilization alone   and in 
combination with foliar application of humate potassium on yield and its components 
and quality of maize grains. Different sources of N-fertilization caused significant 
increases in yield and its components and mineral uptake. Meanwhile, application of 50% 
N- mineral as ammonium sulphate (75kg N fed.P

-1
P) +50% organic N (75 kg N fed.P

-1
P) (5.3 t 

compost fedP

-1
P) achieved the highest values of all aforementioned parameters followed by 

the application of 100% of the recommended mineral N (150 kg N/fed.) then 100 % 
organic N (150 kg N   fed.P

-1
P) (10.6 t compost fedP

-1
P), in a descending order. Spraying maize 

plants with potassium humate significantly enhanced plant growth, yield and its 
components as well as N, P and K uptake, total protein and oil in grains. In this respect, 
spraying plants with 4 L/fed potassium humate attained the superiority impacts 
comparing the other treatments. Hence, it can be concluded that fertilizing maize plants 
with 50% N- mineral (75 kg N fed. P

-1
P) +50% organic N (75 kg N fed.P

-1
P) (5.3 t compost fedP

-1
P) in 

combined with spraying plants at rate 4 L/fed potassium humate gave the highest values 
of yield and its components and NPK uptake as well as protein and oil content in grains 
as compared to other interaction treatments. 
Key words: Grain yield, Maize plants, N-sources, Potassium humate, Protein and oil 

content 
 
INTRODUCTION 

Maize is called “King of cereals” 
because of its productivity potential 
compared to any other cereal crop. Being 
an exhaustive crop, it has very high 
nutrients requirement and its productivity 
is closely depends on nutrient 
management system. Under the present 
trend of exhaustive agriculture in Egypt, 
inherent soil fertility can no longer be 
maintained on the sustainable basis. It is 
said that nutrient supplying capacity of 
soil declines steadily under continuous 
and intensive cropping system. The 
optimum levels of N, P, and K failed to 
maintain yield levels probably due to 
increasing secondary and micronutrient 
deficiencies and also unfavorable 
alterations in the physical and chemical 

properties of soil. Apart from the soil 
fertility and productivity issues, use of 
chemical fertilizers is also becoming 
more and more difficult for the farmers 
due to their high costs and scarcity 
during peak season. On thus, increasing 
awareness is being created on the use of 
organics which are the sources of macro, 
micro and secondary nutrients to sustain 
the soil fertility and productivity. 

Mineral nutrition is one of the most 
important factors for plant growth and 
yield. Mineral fertilizers, particularly 
mineral-nitrogen, are important means of 
plant nutrition; however, they are also a 
potential source of environmental 
pollution (Hartman, 1988). An attention 
has been therefore focused on alternative 
fertilizers, including organic fertilizers in 
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Middle East. Nowadays, there is renewed 
interest in organic fertilizers for nutrient 
supply and improve soil fertility and 
productivity in this region. The integrated 
use of organic fertilizers and mineral 
fertilizers is considered the best option 
not only to reduce the intensive 
consumption of chemical fertilizers, but 
also to sustain the soil with minimum 
undesirable impacts and to maximize 
fertilizer use efficiency in soil. Organic 
fertilizers are considered as an eco-
friendly way to sustainable agriculture. 
They positively affect plant growth and 
yield, reduce the negative effects of 
chemical fertilizers and minimize some 
chemicals such as NO3ˉ and NO2ˉ ions in 
the soil and consequently in plants. 
Therefore, the way to a healthy 
agriculture with a minimum pollution 
requires a conjunctive use of organic 
nitrogen and mineral-nitrogen fertilizers. 

Organic matter also improves water 
holding capacity of sandy soil and 
drainage in clayey soil. Organic manure 
provides nutrients for the soil micro-
organisms, thus increases the activities 
of microbes in soil, which in turn help to 
convert unavailable plant nutrients into 
available form for plant growth 
promotion. 

Humic acids known as plant growth 
promoters which can enhance plant yield 
and quality parameters. Humic 
substances can enhance seed 
germination, seedling growth, root 
growth, overall growth, uptake of macro- 
and micro-elements and the 
bioavailability of nutrients through 
amendment of the soil environment at the 
rhizosphere (Chen and Aviad, 1990; 
Varanini and Pinton, 1995; Bryan and 
Stark, 2003 and Mikkelsen, 2005). Humic 
acid can directly increase the growth of 
shoots and roots, uptake of nitrogen, 
potassium, calcium, phosphorus and 
magnesium by plant through chelating 
different nutrients to be more available 

for plants. Humic acid is consistent with 
nature and is not dangerous for the plant 
and environment (Haghighi et al. 2011and 
Abdel Mawgoud et al. 2007). 

The objective of the present work was 
to study the impact of applying different 
sources of N-fertilization and foliar 
application of humate potassium on 
growth, yield and quality of maize. 
 
MATERIALS AND METHODS 
Field experimental site: 

 Two field experiments were 
conducted at El-Kassasin Farm, Ismailia 
Governorate, Egypt, (30º 33  31״ ׳   N - 
7״  30°56 ׳   E, elev. 15.8 m) during the 
summer seasons of 2014 and 2015 on 
maize plants (c.v. single hybrid 30K8) 
grown on a sandy loam soil to study the 
effect of applying different sources of N-
fertilization and foliar application of 
humate potassium on growth, yield and 
yield quality of maize. Randomized soil 
surface (0-20 cm) samples were taken 
from the experimental site before sowing, 
as well as   compost samples to 
determine the physical and chemical 
properties according to Klute (1986) and 
Page et al., (1982) as shown in Tables (1 
& 2).  
 
Experimental treatments: 

Each experiment included nine 
treatments which were the combinations 
of the three different nitrogen sources 
treatments and three treatments of 
potassium humate. The experimental 
design was split-plot system in 
randomized complete blocks with three 
replications. The main plots were 
allocated for N- sources, whereas, the 
sub-plots were occupied by k-humate 
foliar application. The main treatments 
were applied of different nitrogen 
sources as follows: 

1-100% of the recommended mineral N 
(150kg Nfed-1) ((as ammonium 
sulphate        20.5% N source). 
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2- 100 % organic N (150kg Nfed-1) (10.6 t 
compost fed-1). 

3- 50% N- mineral (75kg Nfed-1) +50% 
organic N (75kg Nfed-1) (5.3 t compost    
fed-1). 

Each main plot was randomly 
subdivided into three sub plots 

representing the different treatments of 
K- humate in a liquid form (10% K2O) as 
the following:  
1- Without addition of K-humate 

(control).  
2- Foliar spraying with 2 L K-humate fed-1 
3- Foliar spraying with 4 L K-humate fed-1. 

         
Table (1): Some physical and chemical properties of the studied soil 

Property Value 

Particle size distribution (%)   

Sand 69.8 

Silt 18.2 

Clay 12 

Texture grade Sandy loam 

pH (1:2.5 soil water suspension ) 8.2 

ECe (dS/m) (soil paste extract) 0.87 

SP 29 

Soluble cations (meq/L)   

Ca++   3.9 

Mg++   2.7 

Na+   1.85 

K+   0.55 

Soluble anions (meq/L)   

CO3ˉ ˉ - 

HCO3ˉ 1.3 

Cl-  4.55 

SO4ˉ ˉ 3.15 

Organic matter (%) 0.85 

Available (mg kg-۱ )   

N 25.4 

P 10.5 

K 180.51 
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Table (2): Physical and chemical properties of the compost 

Properties Values 

EC value (1:10) (dS/m) 7.90 

pH value (1:10) 6.70 

Moisture content (%) 28.00 

Organic matter (%) 44.48 

Organic carbon (%) 25.80 

Total nitrogen (%) 1.42 

C/N ratio 18.20 

Soluble ammonia-N (mg/Kg) 615.00 

Soluble nitrate-N      (mg/Kg) 362.00 

P (%) 0.57 

K (%) 0.82 

 
The organic manure was thoroughly 

mixed with 0-20 cm soil surface layer two 
weeks before sowing.  Super phosphate 
(15 %P2O5) was added as a single dose 
at the rate of 30 kg P2O5 /fed and mixed 
in the same times with such surface 
layer. The nitrogen fertilizer (as 
ammonium sulphate 20.5% N) was added 
according to the treatment in three equal 
portions, i.e. at 21, 35 and 50 days from 
sowing. Also, potassium fertilizer (as 
Potassium sulphate, 48% K2O) was 
added at a rate of 24kg K2O/fed., which 
was divided into three equal portions 
applied with N fertilizer. Foliar spray of K- 
humate in a liquid form (10% K2O) was 
done at 30th, 45th and 60th days after 
sowing. 
 
The estimated characteristics at 
harvesting:  
1-Yield and its components:  

Plant height (cm), ear characters (i.e., 
ear length (cm), ear diameter (cm), row 
number/ear and grain number /row), ear 
weight, weight of 100 grain (g), grains 
and biological yield (kg /fed.) were 
measured. For 100 grains weight, grains 

yield and biological yield were taken after 
air-dried of the harvested plants based 
on oven-dried weight on 70 oc for 48 hrs. 
 
II- Chemical analysis  
- Grain samples were taken randomly 

from the samples of each replicate to 
determine N, P and K contents. A0.5 g 
of maize grains of each replicate was 
digested in a 5ml of H2SO4 - HClO4 

mixture (3:1 ratio) on sand plate at 250 
oC according to the methods described 
by Chapman and Pratt, (1978). The final 
clear digestion diluted up to 50 ml using 
distilled and analyzed for its content of 
N, P and K as follows: 

- Nitrogen (N) content in grains was 
determined by Keldahl method as 
described by A.O.A.C. (1990). Protein 
content in the grains was calculated by 
multiplying N% by 5.75 factor. 
Phosphorus was determined 
calorimetrically according to Chapman 
and Pratt (1978). Potassium was 
determined by flam photometer 
according to Page et al., (1982). 

- In the sample of maize grains, oil 
content (%) was determined by soxhelt 
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apparatus using hexane as a solvent as 
described by A.O.A.C. (1990). Oil and 
protein yield (kg/fed.) were estimated by 
multiplying grain yield (kg/fed.) by grain 
oil and protein percentages 
respectively. 

- Total soluble sugars and total 
carbohydrates content in the grains 
were also determined according to 
Smith et al. (1956). Starch content was 
obtained by calculating the difference 
between total carbohydrate and total 
soluble sugar content.  

The obtained results were statistically 
analyzed according to Gomez and Gomez 
(1984) to define the statistical 
significance of L.S.D. at 0.05. 

 
RESULTS AND DISCUSSION 

The present study aimed to improve 
the maize productivity and raise the use 
efficiency of N-fertilization for maize 
plants through the addition of different 
nitrogen sources and foliar application of 
potassium humate. So, data attained 
herein included the influence of different 
nitrogen sources application and foliar 
application of K-humate and their 
possible combinations on maize grain 
and biological yields as well as their 
nutrient contents and quality. 
 
I -Yield and its components 
I.1- Effect of nitrogen sources 

application 
Data obtained in Tables (3-5) revealed 

that, the application of nitrogen sources 
caused a significant increases for plant 
height, ear length, ear diameter, no. of 
rows/ear, no. of grains /row, ear weight, 
100-grain weight, grain yield and 
biological yield (kg/fed). The highest yield 
and its components were found in the 
plots that received N from 50% N- mineral 
+50% N- org. followed by the plots 
fertilized with 100% N- mineral and the 
lowest was found in the plots fertilized by 

100% N- org. The increase in plant height 
with different nitrogen sources can be 
attributed to the fact that nitrogen 
promotes plant growth, increases the 
number and length of the internodes 
which results in progressive increase in 
plant height (Marschner, 1995). More 
grains ear-1 with N- fertilizer addition may 
be attributed to enhancing crop growth 
as a result of compost and mineral N 
interaction. Also, may be the 
consequence of better crop growth due 
to carry over effect of organic matter and 
nutrients with continuous compost and 
mineral N addition.  

Results revealed that cob length in 
maize differed significantly due to 
different treatments under study. The 
increase in the cob length might be due 
to increase in photosynthetic activities of 
plant on account of sufficient supply of 
nitrogen; because N is essential for cob 
and kernel growth in maize. Therefore, 
the development of cob length will be the 
index of increase in economic yield of 
maize. The findings of Ali et al. (2012) and 
Singh et al. (2013)   supportive to our 
results. They found that with the 
application of N supply either through 
mineral or organic source resulted in 
increasing in cob length. The data on 
number of grains row-1  as influenced by 
nitrogen sources. Significantly maximum 
number of grains row-1  (49.33) was 
recorded from plots treated with  50% N- 
mineral +50% N- org. The increase in 
number of grains row-1 in (T7) may be 
attributed to the supply of sufficient 
amount of nitrogen and other nutrients 
through different sources required for 
plant development up to cob formation. 
Similar results have been reported by 
Verma and Tomar (2014) and Singh et al. 
(2013).  
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Table (3): Interaction effect of different N sources and foliar application of K-                  
humate on yield component of maize (average of two seasons) 

Treatments Plant 
height 

(cm) 

Ear length 

 (cm) 
Ear diameter 

(cm) 

N-sources 

Foliar K-humate  

(L fed-1) 

100 % MNF Control 259.00 20.60 4.75 

 

2 L K-humate  275.00 23.20 5.50 

4 L K-humate  284.00 25.10 5.74 

Mean 272.67 22.97 5.33 

100 % ONF Control 255.00 20.00 4.70 

 

2 L K-humate  267.00 21.50 4.95 

4 L K-humate  270.00 22.80 5.30 

Mean 264.00 21.43 4.98 

50%MN+50%ON Control 264.00 21.00 4.81 

 

2 L K-humate  279.00 24.31 5.69 

4 L K-humate  289.00 25.90 5.80 

Mean 277.33 23.74 5.43 

Mean Control 259.33 20.53 4.75 

 

2 L K-humate  273.67 23.00 5.38 

4 L K-humate  281.00 24.6 5.61 

LSD at 5% N-source (A) 1.95 1.41 0.19 

 

Foliar K-humate (B) 5.58 0.61 0.48 

AXB 6.90 ns ns 
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Table (4): Interaction effect of different N sources and foliar application of K- humate on 
yield component of maize (average of two seasons) 

Treatments 

No. of rows / 
ear 

No. of  grains 
/row  Ear Weight 

N-sources 

Foliar K-humate 

(L fed-1) 

100 % MNF 

Control 14.33 46.33 255.00 

2 L K-humate  15.00 55.67 290.21 

4 L K-humate  16.00 58.00 300.00 

Mean 15.11 53.33 281.74 

100 % ONF 

Control 13.00 43.00 249.14 

2 L K-humate  14.00 50.00 275.13 

4 L K-humate  15.00 52.00 282.00 

Mean 14.00 48.33 268.76 

50%MN+50%ON 

Control 14.67 49.33 265.22 

2 L K-humate  16.00 57.33 295.55 

4 L K-humate  17.00 60.00 322.62 

Mean 15.89 55.56 294.46 

Mean 

Control 14.00 46.22 256.45 

2 L K-humate  15.00 54.33 286.96 

4 L K-humate  16.00 56.67 301.54 

LSD at 5% 

N-source (A) 1.25 2.57 3.52 

Foliar K-humate (B) 1.46 2.32 1.82 

AXB ns 3.00 9.74 
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Table (5): Interaction effect of different N sources and foliar application of K-humate on 
yield and its component of maize (average of two seasons) 

Treatments 
Weight of 
100 grain  

Grain Yield 
(kg/fed) 

Biological 
(kg/fed) 

N-sources 
Foliar K-humate 

(L fed-1) 

100%MNF 

Control 35.27 3570.67 7625.00 

2 L K-humate  39.55 3925.00 8277.33 

4 L K-humate  41.65 4100.00 8625.00 

Mean 38.82 3865.22 8175.78 

100%ONF 

Control 33.20 3296.00 7510.33 

2 L K-humate  37.78 3750.33 7991.67 

4 L K-humate  38.44 3862.00 8193.00 

Mean 36.47 3636.11 7898.33 

50%MN+50%ON 

Control 36.90 3693.33 7732.67 

2 L K-humate  40.77 4000.33 8395.67 

4 L K-humate  43.00 4180.67 8843.00 

Mean 40.22 3958.11 8323.78 

Mean 

Control 35.12 3520.00 7622.67 

2 L K-humate  39.37 3891.89 8221.56 

4 L K-humate  41.03 4047.56 8553.67 

LSD at 5% 

N-source (A) 2.24 58.75 64.76 

Foliar K-humate 
(B) 3.27 48.44 161.65 

AXB 3.74 78.05 54.77 

 
The data on cob weight as influenced 

by various treatments under study has 
been presented in Table (4). Perusal of 
the data showed that weight of cob was 
significantly influenced by nitrogen 
sources. Significantly maximum cob 
weight (265.22 g) was recorded from 
plots treated with 50% N- mineral +50% 

N- org. The higher cob weight was 
attributed to higher grain number row-1 
and grains per cob. Data pertaining to 
100-grain weight of maize as influenced 
by nitrogen sources have been furnished 
in Table (5). Significantly boldest grain 
with test weight of 36.90 and 35.27 g were 
obtained at 50% N- mineral +50% N- org 
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and 100% N- mineral respectively. 
Increased 100-grain weight of maize with 
through mineral or organic N- source 
may be due to the formation of more leaf 
area which might have intercepted more 
light and produced more carbohydrates 
in the source which was probably 
translocated into the sink (the grain) and 
resulted in increased kernel weight. 

Maize yield is a function of different 
yield components such as the length and 
girth of cob, number of   rows per cob, 
number of grains per row, 100-grain 
weight and shelling percentage. The data 
pertaining to grain yield of maize as 
influenced by various treatments under 
study have been presented in Table (5) 
and Fig. (1). It is evident from the results 
that grain yield of maize influenced 
significantly due to nitrogen sources. 
Increase in grain yield was therefore, due 
to significant increase in cob length, 
grain number per cob and 100-grain 
weight. The highest grain yield was found 
in the plots that received N from 50% N- 
mineral +50% N- org. (3693.33 Kg/fed) 
followed by the plots fertilized with 100% 

N- mineral (3570.67 Kg/fed) and the 
lowest one was found in the plots 
fertilized with 100% N- org. (3296.00 
Kg/fed) respectively.  Research results 
from Hammad et al. (2013) also suggest 
that N application had much greater 
effect on maize grain yield which could 
be due to the fact that application of N 
fertilizer in plants increases uptake of 
other nutrients. This can be explained by 
the fact that the supply of N enhanced 
the development of small roots and root 
hairs which, in turn, facilitate the 
absorbing ability per unit of dry weight. 
The better grain yield with combined 
application could be attributed to better 
growth, yield attributing components, 
grain development and nutrient use 
efficiencies. Our results are similar to the 
findings of Nagassa et al. (2005) and 
Shah et al. (2009), they revealed that 
grain yield was significantly affected by N 
fertilizer in combination with FYM. In 
addition, Ayoola and Makinde (2009) 
reported higher nutrient use efficiencies 
by combining organic and inorganic 
fertilizers. 

 
 

 
Fig. (1): Interaction effect of different N sources and foliar application of K-humate on 

yield of maize . 
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Biological yield is one of the 
measures of plant growth and it reflects 
the relative growth rate as regard to net 
assimilation rate (Khan et al. 2008). Data 
pertaining to biological yield as affected 
by application of nitrogen sources is 
presented in Tables (3-5). Biological yield 
differed significantly among various 
nitrogen sources. The lowest value for 
biological yield was statistically with 
100% N- org. Data revealed that 
biological yield of maize varied from 
maximum (7732.67Kg/fed) in 50% N- 
mineral +50% N- org. (T7) to lowest value 
(7510.33Kg/fed) observed in 100% N- org. 
These increases may be attributed to the 
beneficial effects of nitrogen on 
stimulating the meristmatic activity for 
producing more tissues and organs, 
since nitrogen plays major roles in the 
synthesis of structural proteins and other 
several macro molecules, in addition to 
its vital contribution in several 
biochemical processes in the plant 
related to growth (Marschner, 1995). 
Moreover, the positive effect on growth 
traits by using compost manure might be 
soil application of compost increases the 
soil organic matter percentage that has 
been regarded a key factor determining 
soil fertility and productivity (Sarwar et 
al. 2007). The addition of compost 
improves the physical properties of the 
soil and decreases its pH value, as a 
result, the availability of soil nutrients for 
plants increased and various yield 
components were positively affected and 
ultimately these components contributed 
towards increasing of grain and straw 
yields (Sarwar, 2005). 
 
I.2-Effect of foliar application of 

potassium humate 
Concerning the effect of spraying 

maize plants with potassium humate at 
rates (control, 2 and 4 L /fed) on plant 
height, ear length, ear diameter, no. of 
rows/ear, no. of grains/row, 100 -grain 
weight, grain yield and biological yield 

kg/fed. It is obvious from Tables (3-5) that 
yield and its components were gradually 
increased with increasing potassium 
humate rate from 0 to 4 L /fed. These 
results may be due to potassium humate 
which contains humic acid, fulvic acid 
and K2O at rate 86%, 17 % and 10 %, 
respectively, which reflected a positive 
effect on vegetative growth. Moreover, 
Potassium presented within plants as the 
cation K+, plays an important role in 
regulation of the osmotic potential of 
plant cells and activates many enzymes 
involved in respiration and 
photosynthesis (Marschner, 1995).  
Furthermore, the effective role of foliar 
spraying on both maize grain and straw 
yields and their nutrient contents could 
be ascribed to that humic molecules can 
get into the cellular nutrient stream and 
make the cellular membrane more 
permeable allowing the improvement of 
nutrient flow and cell division (Allam, 
2006). These results could be explained 
according to the finding of   Cheng et al. 
(1998) who found that spraying humic 
acid enhanced the water retention, 
increased the ability rate of wheat leaves 
for photosynthetic process, increased 
the grain filling intensity, enhanced the 
drought resistance of wheat and 
increased its thousand grain weight. 
 
I.3- Combined effect of nitrogen 
sources and potassium humate rates  

Data resented in Tables (3-5) 
illustrated the effect of the combined 
application of nitrogen sources and foliar 
application of potassium humate rates on 
yield and its components. It is clearly that 
all interactions between nitrogen sources 
and potassium humate rates had a 
significant effect on plant height, no. of 
grains /row, 100 -grain weight, grain yield 
and biological yield kg/fed except ear 
length, ear diameter and no. of rows/ear. 
The most increases in the yield and its 
components were observed with plants 
fertilized with 50% N- mineral +50% N- 
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org. and foliar application of potassium 
humate at 4L/fed (T9) as compared to the 
other interaction treatments. High 
significant grain yield of 4180.67(kg/fed) 
was produced by the combination 
treatment of 50% N- mineral +50% N- org. 
and foliar application of potassium 
humate at 4L/fed (T9) which was found to 
be superior to all other treatment 
combinations. 
 
II-Nutrient uptake by maize grains  
II.1-Effect of nitrogen sources 

application 
Nitrogen uptake by grains of maize 

plants was significantly different due to 
nitrogen sources (Table, 6).  Significantly 
higher amount of N-uptake was 
withdrawn by the grain (viz., 66.86 kg/fed) 
of maize treated with 50% mineral N + 
50% as organic N. The increase in uptake 

of N may be due to better availability and 
absorption of nitrogen in balanced 
quantity because of good proliferation of 
root system. The results corroborate with 
the findings of Sujatha et al. (2008) and 
Singh et al. (2013). Conjoint application 
of 50% mineral N + 50% as organic also 
recorded higher P and K uptake 
compared to nitrogen sources. The 
beneficial effects of using organic 
fertilizers along with mineral -N fertilizer 
on increasing nutrient uptake of maize 
grains could be due to their effect on 
providing plants with their requirements 
from different nutrients at a longer time 
as well as their effect on increasing the 
availability of nutrients in the soil for 
uptake by plants and enhancing the 
nutritional status of the plants. 

 
Table (6): Combined effect of different N sources and foliar application of K-humate on 

nutrient uptake by maize grain (average of two seasons) 

Treatments 
N- uptake 
(Kg fed-1) 

P- uptake  
(Kg fed-1) 

K- uptake 
(kg fed-1) 

N-sources 

Foliar K-
humate 
(L fed-1) 

100 % MNF 

Control 62.48 12.79 25.68 
2 L K-humate  77.32 15.87 33.44 
4 L K-humate  85.28 17.71 38.87 

Mean 75.03 15.46 32.66 

100 % ONF 

Control 56.02 10.44 24.67 
2 L K-humate  68.62 14.25 30.71 
4 L K-humate  72.62 15.11 32.32 

Mean 65.76 13.27 29.24 

50%MN+50%O
N 

Control 66.86 13.70 28.73 
2 L K-humate  80.00 16.79 35.64 
4 L K-humate  91.96 18.30 41.47 

Mean 79.61 16.26 35.28 

Mean 
Control 61.79 12.31 26.36 

2 L K-humate  75.31 15.64 33.26 
4 L K-humate  83.29 17.04 37.55 

LSD at 5% 

N-source (A) 2.38 0.95 2.06 
Foliar K-

humate (B) 2.76 0.79 1.54 
AXB 3.70 ns 2.76 
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II.2-Effect of foliar application of 

potassium humate 
The obtained results are also shown 

in Table (6) and Fig. (2) show a  
significant increases in nitrogen, 
phosphorus and potassium uptake  by 
grains of maize  plants were recorded for 
plants received different treatments 
particularly, for plants received 50% 
mineral N + 50% as organic N plus foliar 
application. In general nutrients uptake 
increased by increasing rates of K-
humate foliar application. Combination 
with 50% mineral N + 50% as organic N 
and foliar application of potassium 
humate at 4L/fed (T9) followed by T3, 
(100% mineral N   + potassium humate at 
4L/fed) and T8 (50% mineral N + 50% as 
organic N + potassium humate at 2L/fed) 
increased nutrient (NPK) uptake 
compared to (100% ONF). The N uptake 
varied from 56.02 to 91.96 kg/fed in favor 

of T9 which was significantly different 
from other treatments (Table 6). The 
maximum P uptake was obtained from T9 
(50% mineral N + 50% as organic N + 
potassium humate at 4L/fed) followed by 
T3 (100% mineral N   + potassium humate 
at 4L/fed) and T8 (50% mineral N + 50% 
as organic N + potassium humate at 
2L/fed). The highest K uptake (41.47 
kg/fed.) was observed in T9 followed by 
T3 (38.87 kg/fed). The beneficial effects of 
using organic fertilizers along with 
mineral -N fertilizer on increasing nutrient 
uptake of maize grains could be due to 
their effect on providing plants with their 
requirements from different nutrients at   
a longer time as well as their effect on 
increasing the availability of nutrients in 
the soil for uptake by plants and 
enhancing the nutritional status of the 
plants.  

 

 
 
Fig. (2): Combined effect of different N sources and foliar application of K-humate on 

nutrients uptake by maize grain 
 

 
 



 
 
 
 
Response  of  maize  plants  to  different  N-sources and  foliar  application …..…. 

113 

The foliar application of potassium 
humate at a rate of 4 L/ fed combined 
with 50% mineral N + 50% as organic N 
was more effective on N, P and K uptake 
by grain of maize plants than other 
treatments. K-humate foliar application 
derivatives is reported to be very 
effective because the humic molecules 
can get into the cellular nutrient stream 
and make the cellular membrane more 
permeable allowing the improvement of 
nutrient flow and cell division (Jackson, 
1993). The need to exploit the capacity of 
plant leaves to absorb inorganic 
nutrients has increased greatly for a 
number of reasons (i) adverse soil 
conditions which favor fixation of 
nutrients and thus render many essential 
ones unavailable for root absorption; (ii) 
root absorption is slow for some 
elements and also results in poor 
translocation; (iii) relatively large 
amounts of fertilizers are required for 
root supply and heavy application loads 
to soil-water pollution. Foliar supply of 
nutrients can result in increasing the 
photosynthetic efficiency and it is 
possible to modify the physiology of leaf.  
The application of K-humate was more 
effective on the uptake of N, P and K by 
maize plants as compared to unenriched 
K-humate. This could be related to, direct 
effects of humic substances on plant cell 
membranes, and consequently 
permeability, which ease mineral 
elements move back and forth through 
the cell membranes, resulting in an 
increased transport of various mineral 
nutrients to sites of metabolic need. 
These results are in good agreement with 
those obtained by Salib (2002); Lamont 
(2003) and Rafla (2012) who found that, 
the application of humic acid had a 
definite impact on the yield and nutrients 
uptake as well as protein and nucleic 
acids contents.  
 

II.3-Combined effect of nitrogen 
sources and potassium humate 
rates  
Data presented in Table (6) indicated 

that the interaction between nitrogen 
sources and potassium humate rates had 
significant effect on N, P and K uptake, 
and the most effective interaction 
treatment was fertilized with 50% N- 
mineral +50% N- Org. and foliar 
application of potassium humate at 
4L/fed (T9), which recorded the highest 
values of N, P and K uptake as compared 
to other treatments. 
 
III-Chemical composition of maize 

grains 
III.1-Effect of the applied treatments 

on grain quality of maize 
The grain quality of maize in terms of 

their protein, oil and carbohydrate 
content were improved with different 
nitrogen sources in Tables (7 and 8) and 
Fig (3). The data exhibited significant 
effect of nitrogen sources treatments on 
grain protein contents as well as protein 
yield of maize. Significantly highest grain 
protein viz., 10.41% was determined in 
grains of the plot subjected to 50% N- 
mineral +50% N- org. While, the treatment 
of 100 % ONF treatment gave the lowest 
crude protein as compared with the other 
nitrogen sources. Increase in grain 
protein content might be due to increase 
in N content of leaves which are rapidly 
converted to protein and during grain 
development leaf N is transferred to grain 
for protein production. Increasing of 
protein content definitely, may be due to 
the fact that nitrogen often plays a great 
role in the synthesis of protein. Similar 
results regarding the increased 
percentage of crude protein due to 
applied nitrogen were obtained by 
several researchers, (Parasad, 1979; 
Gangwar and Kalra, 1988 and Singh et al. 
1992).  In regards to protein yield, it 
follows the same trend as has been 
observed in grain yield of maize in the 



 
 
 
 
Sahar M. Zakaria 

114 

present experiment. The favorable effect 
of N fertilizer on protein yield fed-1 might 
be explained by assuming an influence of 
N availability on critical stage of grain 
initiation and development of plant 
metabolism in away leading to the 
increase in the synthesis of amino-acid 
and their incorporation into grain protein. 

Oil content (%) of maize grains was 
significantly affected by different 
nitrogen sources in Table (6).   
Significantly  maximum   oil content was 
determined in the treatment of 50% 
mineral N + 50% as organic N (5.85%) 
while, the 100 % ONF treatment gave the 
lowest oil content as compared with the 
other nitrogen sources Biochemical 
analysis revealed that, results given in 

Table (8) cleared that carbohydrate 
contents, starch and TSS parameters 
were statistically affected by different 
nitrogen sources .The significant 
increase in total carbohydrate, starch and 
TSS concentration by nitrogen sources 
application might be due to that the 
nitrogen is essential in the structure of 
porphyrines, which are found in 
cytochrome enzymes. This increase in 
the cytochrome enzymes results in an 
increase in the rate of photosynthesis, 
and consequently in a promotion of 
carbohydrate synthesis and its 
accumulation in grains, these results 
agreed with those obtained by Attia and 
Saad (2001)  

 
Table (7): Combined effect of different N sources and foliar application of K-humate on 

quality of maize grain (average of two seasons) 

Treatments 

Protein % Protein Yield 
(kg fed-1) Oil% Oil yield 

 (Kg fed-1) 
N-sources 

Foliar K-
humate 
(L fed-1) 

100 % MNF 

Control 10.06 359.28 5.47 195.31 
2 L K-humate  11.33 444.67 7.20 282.58 
4 L K-humate  11.96 490.53 7.90 323.90 

Mean 11.12 431.50 6.86 267.26 

100 % ONF 

Control 9.78 322.19 5.00 164.80 
2 L K-humate  10.52 394.50 6.55 245.69 
4 L K-humate  10.81 417.70 6.80 262.66 

Mean 10.37 378.13 6.12 224.38 

50%MN+50%
ON 

Control 10.41 384.49 5.85 216.05 
2 L K-humate  11.50 460.14 7.50 300.01 
4 L K-humate  12.65 528.78 8.00 334.43 

Mean 11.52 457.80 7.12 283.50 

Mean 
Control 10.08 355.32 5.44 192.05 

2 L K-humate  11.12 433.10 7.08 276.09 
4 L K-humate  11.81 479.01 7.57 307.00 

LSD at 5% 

N-source (A) 0.23 13.65 0.32 9.13 
Foliar K-

humate (B) 0.54 15.94 0.23 12.18 
AXB 0.51 21.23 ns ns 

 



 
 
 
 
Response  of  maize  plants  to  different  N-sources and  foliar  application …..…. 

115 

Table (8): Interaction effect of different N sources and foliar application of K-humate on 
quality of maize grain (average of two seasons). 

Treatments 
T.C % Starch % TSS% 

N-sources 

Foliar K-
humate 
(L fed-1) 

100 % MNF 

Control 65.27 63.38 1.89 
2 L K-humate  72.00 69.60 2.40 
4 L K-humate  74.10 71.36 2.74 

Mean 70.46 68.11 2.34 

100 % ONF 

Control 63.12 61.32 1.80 
2 L K-humate  69.00 66.78 2.22 
4 L K-humate  70.14 67.84 2.30 

Mean 67.42 65.31 2.11 

50%MN+50%ON 

Control 67.04 64.89 2.15 
2 L K-humate  73.24 70.68 2.56 
4 L K-humate  74.58 71.78 2.80 

Mean 71.62 69.12 2.50 

Mean 
Control 65.14 63.20 1.95 

2 L K-humate  71.41 69.02 2.39 
4 L K-humate  72.94 70.33 2.61 

LSD at 5% 

N-source (A) 0.65 0.71 0.09 
Foliar K-

humate (B) 0.76 0.63 0.11 
AXB 1.90 1.92 0.09 

 
 

 
Fig. (3): Combined effect of different N sources and foliar application of K-humate on 

quality of maize grain 
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III.2-Effect of foliar application of 
potassium humate on yield quality 
Quality of maize yield due to 

application of potassium humate as foliar 
application are given in Tables (7 and 8). 
The obtained results indicate that, the 
protein, oil, starch, TSS and carbohydrate 
contents in grain of maize were 
significantly increased as a result of all 
the tested treatments. The foliar 
application with potassium humate was 
more effective on protein, oil, starch, 
T.S.S and carbohydrate contents in grain 
of maize. The highest protein content 
was obtained with T9 (50% mineral N + 
50% as organic N and foliar application of 
potassium humate at 4L/fed) followed by 
T3 (100% mineral N + potassium humate 
at 4L/fed) followed by T8 (50% mineral N 
+ 50% as organic N + potassium humate 
at 2L/fed). From Table (7), it is clear that 
protein yield significantly increased with 
inorganic fertilizer more than organic 
fertilizer. Protein yield fed-1 was also 
significantly affected by the applied 
treatments. The applied different 
treatment combinations caused 
increases in grain oil content and oil 
yield (Table 7). T9 (50% mineral +50% 
organic N + potassium humate at 4L/fed) 
recorded the highest oil content (8.00 %) 
and oil yield (334.43 kg fed−1). The 
highest values of carbohydrates were 
recorded 74.58% for T9 (50% mineral 
+50% organic N + potassium humate at 
4L/fed). These results indicated that 
carbohydrate content has increased due 
to the combined effects of the 
interactions between nitrogen sources 
and potassium humate rates. These 
findings are previously reported by 
Mahfouze and Sharaf El-din (2007) who 
recorded an increase of the total 
carbohydrate content by the application 
of potassium humate at 4L/fed combined 
with 50% mineral +50% organic N. Our 
findings were in accordance with the 
previous reports which highlighted the 
positive effect of compost in improving 

soil physical properties which enhances 
root development, water and nutrients 
uptake and consequently improve maize 
yield and grain quality (Brady and Weil, 
2005 and Habashy and Hemeid, 2011). 
This may be explained due to the role of 
humic substances in increasing the 
concentration of messenger ribonucleic 
acids in plant cell. Messenger ribonucleic 
acids is essential for many biochemical 
processes within cells. Activation of 
several biochemical processes results in 
an increase in enzyme synthesis and an 
increase in the protein and carbohydrate 
contents, as found by Neri et al. (2003). 
Plant nutrition within foliar fertilizers are 
rapidly absorbed by the plant leaves and 
have positive effects on physiological 
processes into plant. 
 
III.3-Combined effect of nitrogen 
sources and potassium humate rates 

Combination of nitrogen sources with 
potassium humate as foliar application 
were more effective on protein, oil, 
starch, TSS and carbohydrate contents in 
grain of maize as compared to nitrogen 
sources alone. 
 
Conclusion  

The findings of this study have clearly 
showed that combined application of 
50% mineral +50% organic N along with 
foliar application of potassium humate at 
4L/fed had resulted in obtaining highest 
plant growth, yield and quality of maize. 
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 استجابة نباتات الذرة لمصادر مختلفة من النیتروجین والرش بھیومات البوتاسیوم
 

 محمد زكریا سحر
 مصر –الجیزة  –مركز البحوث الزراعیة  –معھد بحوث الأراضي والمیاه والبیئة 

 الملخص العربى
البح�وث الزراعی�ھ   ) بمزرع�ھ محط�ھ K8 30الشامیھ(ص�نف ھج�ین ف�ردى  ال�ذرة أجری�ت تجربت�ان حقلیت�ان عل�ى نبات�ات

لدراس��ھ ت��اثیر مص��ادر مختلف��ھ م��ن  2015و 2014مص��ر خ��لال الموس��مین الص��یفیین  -محافظ��ھ الاس��ماعیلیھ –بالقصاص��ین
%) عل��ى انتاجی��ھ ال��ذرة (محص��ولى الحب��وب و الق��ش ) ومحت��وى 10أ = 2ب��و النیت��روجین وال��رش  بھیوم��ات البوتاس��یوم  (

م��ن النیت��روجین و الفوس��فور و البوتاس��یوم و ك��ذلك محت��وى الحب��وب م��ن الب��روتین والزی��ت والكربوھی��درات الكلی��ة  الحب��وب
 .والنشا والسكریات الذائبة الكلیة

استخدم تصمیم القطع المنشقة فى ثلاثة مكررات حیث شملت القطع الرئیسیة بمعاملات مص�ادر مختلف�ة م�ن النیت�روجین 
ف��ى ث��لاث  مع��املات ھ��ى ب��دون رش , ال��رش  تاس��یوم  فق��د ت��م توزیعھ��ا عش��وائیا ف��ى القط��ع المنش��قةام��ا ال��رش بھیوم��ات البو

 لتر/فدان. 4و  2الورقى لمحلول ھیومات البوتاسیوم بمعدل 
 -و قد أشارت النتائج الى النقاط الھامة الاتیة :

و زی��ادة محتواھ��ا م��ن النیت��روجین و أدت إض��افة المص��ادر المختلف��ھ م��ن النیت��روجین ال��ى زی��ادة محص��ول الحب��وب لل��ذرة  -
% من النیتروجین المعدنى 50الفوسفور و البوتاسیوم و أیضا زیادة محتوى الحبوب من البروتین والزیت  وكان لإضافة 

% من النیتروجین العضوى تأثیرا إیجابیا على زیادة استفادة النباتات من التسمید النیتروجینى المضاف  ف�ى تحقی�ق 50+
 وأفضل الزیادات فى جمیع الصفات المحصولیة و الغذائیة تحت الدراسة مقارنة بإض�افھ اى منھم�ا منفص�لة أعلى محصول

 % .100بمعدل 
رش ھیومات البوتاسیوم أدت الى زیادة محصول الحبوب وأیضا تحسین قیمتھا الغذائیة و محت�وى الحب�وب م�ن الب�روتین.  -

لتر/ف�دان تلاھ�ا 4اس�ة عن�د ال�رش بمحل�ول ھیوم�ات البوتاس�یوم بمع�دل و قد تحقق�ت أعل�ى الق�یم لجمی�ع الص�فات تح�ت الدر
 لتر/فدان2الرش بھیومات البوتاسیوم على النبات بمعدل 

ھیومات البوتاسیوم مع�ا حقق�ت أفض�ل الزی�ادات ف�ى جمی�ع الص�فات الرش بأدت إضافة المصادر المختلفة من النیتروجین و -
 بالكنترول . المحصولیة و الغذائیة تحت الدراسة مقارنة

% من النیتروجین العضوى و الرش بمحلول ھیوم�ات البوتاس�یوم بمع�دل 50% من النیتروجین المعدنى + 50كان لإضافھ-
 لتر/فدان تاثیرا ایجابیا على تحقیق اعلى القیم لجمیع الصفات تحت الدراسة .4

قیمتھ�ا الغذائی�ة و ك�ذلك رف�ع مع�دل  ومن ثم یمكن القول انھ یمكن الحصول على أعل�ى محص�ول لحب�وب ال�ذرة و تحس�ین
% م��ن النیت��روجین 50% م��ن النیت��روجین المع��دنى + 50الاس��تفادة م��ن التس��مید المع��دنى النیتروجین��ى م��ن خ��لال الإض��افة 

 لتر/فدان .4العضوى وھیومات البوتاسیوم بمعدل 
  

 أسماء السادة المحكمین
   الجیزة -مركز البحوث الزراعیة  ـــــــــــــــــــــــــس   ماجدة على عویــــــــــــــــــــــــــــــ أ.د/    
 جامعة المنوفیة –كلیة الزراعة  الحسینى عبد الغفار أبو حسین  أ.د/      

 


