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ABSTRACT: A field experiment was conducted during the two successive summer seasons of 2022 

and 2023 under sandy soil conditions at Ismailia Agricultural Research Station of Ismailia Governorate, 

Egypt. This study aims to investigate the effect of mineral N fertilizer application at three rates i.e. 50, 75 

and 100 % from recommended dose and application of ammonium humat at four rates of N without 

humat, 10, 15 and 20 g N L
-1

 (H0, H10, H15 and H20) along with two application methods (soil and foliar 

application) on the yield, yield components, chemical composition of maize plants (Zea maize L.) grown 

and available NPK in sandy soil. The obtained results indicated that grain and straw yields as well as 

content of available nutrients were affected significantly by increased levels of mineral N, rates of 

ammonium humat and application  methods. In most cases, the highest mean values in both grain and 

straw yields were recorded at the treatment of 75 % mineral N * H20 with the foliar application, which 

gave results equal to or better than those received 100 % mineral N solo. A similar trend was detected 

with respect to NPK uptake by both grain and straw yields. Also, the highest of available NPK content in 

the soil due to the soil application of humat. In view of the above-mentioned results, it has been 

concluded that the efficiency of mineral N fertilizer increased with the application of ammonium humat 

as which with 20 g N L
-1

 (foliar or soil addition) and reflected on the yield and chemical composition of 

maize plants and also, can be used as a partial substitute to 25 % of mineral – N fertilizer under sandy soil 

conditions. 
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INTRODUCTION 

Maize (Zea mays L.) belongs to the family 

Poaceae and is commonly grown all over the 

world (Abdo et al., 2022).  Maize is called the 

“king of cereals” because of its productivity 

potential compared to any other cereal crop, it is 

an important cereal crop (Kandil et al., 2020) 

having numerous applications, including food, 

industrial materials, and bioenergy, it is ranked 

third after wheat and rice (Wulandari et al., 

2019). 

Under greenhouse conditions foliar and soil 

application of3 % ammonium humate due to the 

highest tomato fruits, the highest shoot, increased 

root length  in sandy soil , increased phenolic 

compounds, increased carotenoids, increased 

total amino acids, reducing sugar content, 

increased chlorophyll, and increased total protein 

(Sahar et al., 2020) . 

Ammonium humate due to reacts between 

humic acid with ammonium hydroxide. 

ammonium humate foliar at 3% foliar and 

spraying on the soil added for wheat, faba beans 

and lupine increased yield and yield components, 

increased macronutrient uptak, increased 

macronutrient availability, increased protein 

content, and increased soil organic matter were 

applied ammonium humate to the soil compared 

with foliar application (Shehata et al., 2023). 

Ammonium humate  due to the combines of 

humic acid and nitrogen  (According to Pehlivan 

and Arslan 2006), ammonium humate including 

many functional groups as carboxyl groups, , 

aldehyde, phenolic hydroxyl, amino acid groups 

and sulfur. Replacing N in ammonium humate 

give positive effect on soil fertility (Gupta et al., 

2010). 
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Mineral nutrition is one of the most important 

factors of 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. Nowadays there is renewed interest in 

organic substances for nutrient supply and 

improving soil fertility (Magdi et al. 2011). 

Humic substances are commercial products 

that contain elements that improve soil fertility, 

increase the availability of nutrient elements and 

consequently have positive effects of plant 

growth and yield (Rady, 2011). In addition, the 

mechanism of humic acid activity in promoting 

plant growth has been proposed to be increased 

cell membrane permeability, respiration and 

nutrient uptake (Obsuwan et al. 2011 and Kandil 

et al., 2020). 

In maize seedlings, humic acid compounds 

improved root growth, carbohydrates, 

nitrogenous responses and photosynthesis. Using 

humic (soil or spraying application) can by 

stimulate shoot and root growth and improve 

resistance to environmental stress in plants. 

(Yang et al., 2000). 

Mineral N fertilizer is a necessary component 

for plant growth to be successful. The use of 

mineral fertilizers alone may be cause problems 

for human health and the environment so the 

need to integrate the organic and inorganic 

fertilizers is necessary to achieve better crop 

yields. Also, N fertilizer is essential for synthesis 

for chlorophyll, enzymes and protein (Souza et 

al. 2008 and Lan et al. 2010).  

Therefore, this study aimed to evaluate the 

possibility of reducing mineral N fertilizer by 

using of humic substances and select the best 

combined rate of minerals and organic fertilizers.  

This study serves the efforts of achieving the 

dual goals of sustainable agriculture by 

maintaining optimal yields accompanied by 

minimize the environmental pollution. 
 

MATERIALS AND METHODS 

Two field experiments were carried out at 

Ismailia Agricultural Research Station, ARC, 

Egypt (Lat. 30
o
 35

-
 – 41

o
 9

-
 N, Long. 32

o
 10

-
 - 

45
o
 83

-
 E), during two successive growing 

summer seasons of 2022 and 2023 to study the 

effect of ammonium humat with nitrogen supply 

on maize plant production in sandy soil under 

nitrogen fertilizer deficient. Main properties of 

the experimental soil were carried out according 

to Jackson (1973) and Klute (1986).  The 

obtained data are recorded in Table 1. 

The experimental treatments were arranged in 

a split–split plot design including 24 treatments 

with three replicates. The experiment included 3 

factors as follows: 

(1) Three rates of mineral nitrogen fertilizer 

(ammonium sulphate 200 g N kg
-1

) were 

assigned to main plots i.e. 50 % (N50), 75 % 

(N75) and 100% (N100) from recommended 

dose of N fertilizer (279.5 k gm N ha
-1

).  

(2) Two application methods (soil and foliar) for 

ammonium humat addition were represented 

by subplot. 

(3) Four levels of ammonium humat with 

nitrogen supply were arranged in sub –

subplot i.e. control (H0) without ammonium 

humat application, 10 g N L
-1

 (H10), 15 g N L
-

1
 (H15) and 20 g N L

-1
 (H20). The main 

characteristics of the used ammonium humat 

are shown in Table 2. 

 

Table 1. Main characteristic of the studied soil. 

Coarse 

sand 

Fine 

sand 
Silt Clay 

Texture 

class 

Calcium 

carbonate 

(g kg
-1

) 

Organic 

matter     

(g kg
-1

) 

pH  
EC       

(dSm
-1

) 

Available 

macronutrients 

(mg kg
-1

 soil) 

41.02 46.35 9.69 2.94 Sandy 6.54 1.90 8.01 1.12 
N P K 

9.81 3.90 49.6 

*pH soil: water suspension at 1: 2.5, EC in soil saturation extract. 
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Table 2. Main characteristics of the used humic substances. 

Organic 

matter     

(g L
-1

) 

pH 
EC       

(dSm
-1

) 

CEC   

(cmolc kg
-1

) 

Total Ca 

(g L
-1

) 

Total Mg 

(g L
-1

) 

macronutrient     

 (g L
-1

) 

549.70 7.91 7.80 405.00 5.90 9.80 
N P K 

30.00 4.00 43.00 

pH  (1: 5 humic : water suspension), EC (solution 1:5) and nutrients  ( total in solution )  

  

Ammonium humat was extracted from 

compost prepared at the Ismailia Agricultural 

Research Station (IAR), Agricultural Research 

Center (ARC) farm. Ammonium humat was 

extracted from compost according to the standard 

method described by Sanchez-Monedero et al., 

(2002). The compost was treated with NH4OH 

solution 2 N, a mixture of 80 g of animal 

compost and 800 ml of NH4OH solution 2 N was 

soaked overnight and shaken for 12 hours at 120 

rpm, then centrifuged at 6000 rpm for 15 minutes 

and the supernatant was removed then pH was 

adjusted to 7.0 with H2SO4 solution 4 N. Humic 

substances extracted (at pH 7) and purified 

solution by passage through charcoal and 

transferee via membrane filter (Essawy et al., 

2017). ammonium humat extracted (at pH 7) 

contained 49.4% total organic carbon, 2.5% N, 

0.43% K and 0.40% P. final solutions  for 2.5 % 

N (25 g L
-1 

N)  and dilution with water for (10, 

15, 20 g N L
-1

) by ammonium humat solutions 

prepared at 1 : 1.5 , 1 : 0.66 , 1 : 0.25 (solution : 

water) vlv. Soluble N, P, K, and other nutrients 

were determined according to the methods of 

Page et al., (1982). The ammonium humat 

included aqueous solutions by mixing with water 

(from the Ismailia canal) in a v/v at a ratio of 

0.3% (3.2 L ha
-1

 ammonium humat in 948.8 L 

ha
-1

 water, solutions EC: 481 – 495 mg kg
-1

) then 

left for two hours to equilibrium. Seven times for 

foliar spraying and soil application of ammonium 

humat at 20, 30, 40,50, 60, 70, and 80 days from 

sowing.   

Maize (Zea mays L. hybrids third cross 321) 

grains recommended for sandy soil were 

obtained from Field Crops Institute Research, 

ARC - Egypt. Grains were sown on the first day 

of May 2022 and 2023 at a seeding rate of 83.3 k 

gm ha
-1

 under a sprinkler irrigation system. One 

grain/hill was manually sowed 25 cm apart 

between hills. Phosphorus was applied in the 

form of superphosphate (0.068 kg P kg
-1

) at a 

rate of 16.09 P ha
-1

 during the final stage of land 

preparation for planting and potassium was 

added in the form of potassium sulfate (0.398 kg 

K kg
-1

) at a rate of 95 kg K ha
-1 

in two equal 

doses
 

after sowing and flowering, nitrogen 

fertilizer (ammonium sulphate 200 g N kg
-1

) at 

rates of 297.5, 209.63 and 148.75 Kg N ha
-1

 were 

100, 75 and 50% from recommended dose of N 

fertilizer 279.5 k gm N ha
-1

 at six times (20, 32, 

45, 55, 65 and 75 days from sowing). 

The experimental unit area was 10.5 m
2 

with 

dimensions 3 x 3.5 m. After harvesting soil 

samples were collected from the surface layer (0-

30 cm) to determine soil properties (field 

capacity, EC, bulk density, CEC and organic 

matter content) according to Page et al. 1982 and 

Klute 1986.  Available N was extracted in KCl 

(1: 10 w/v), available P was extracted in 0.5 N 

NaHCO3 as well as soluble, while available K 

was extracted by 1 N NH4 OAc at (pH 7.0). 

Concentration of the total and available N was 

estimated by distillation using Kjeldahl 

apparatus, total and available P was determined 

by Olsen et al. (1954), P calorimetrically by UV-

Vis. Spectrophotometer using stannous chloride 

(SnCl2 ) indicator  according to Page et al. 

(1982)  and K by the flame photometer, (Black, 

1982).  

Harvesting was carried out after 140 days of 

planting. The plants were air-dried. Grain and 

straw samples of the harvested plants were oven 

dried at 72
0
C for 48 h and a portion (0.25 g) of 

each sample was digested by using sulfuric 

(H2SO4) and perchloric acid (HClO4) - mixed 

(3:1) (Chapman and Pratt 1961.) 
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Effect of N fertilizer, ammonium humat 

solution treatments (HS) and mothed application 

of ammonium humat were statistically analyzed 

by analysis of variance (ANOVA) test, using the 

Co-State software to calculate the LSD at a 

significance level P ≤ 0.05 (Gomez and Gomez, 

1984). 

 

RESULTS AND DISCUSSION 

Yield of maize plant  

Data presented in Table 3 showed the effect 

of mineral N levels and different levels of 

ammonium humat in soil or foliar applications 

on grain and straw yields of maize plants. These 

results clear that, grain and straw yield increased 

significantly with the increase of mineral N 

fertilizer from 50 up to 100 % of the 

recommended dose. The higher increase 

effective dose of mineral N was recorded at a 

treatment of 100 % while, the lowest values in 

grain, straw yields were observed with treatment 

of N50, where the percentages of these increases 

were 62.33, and 70.80 % for grain, and straw 

yields, respectively. These results may be due to 

the application of mineral N increasing 

physiological activities which enhance growth 

and lead to better yield. These results are in 

similar with hose observed by Hafez (2003), El-

Edfawy (2017), Zakaria (2018), Sahar et al., 

(2020) and Shehata et al., (2023).  

In terms of the effect of ammonium humat 

levels contain N (10, 15 and 20 g N L
-1

) on 

maize yield, the results in the same table reveal 

that, using any level of ammonium humat 

recorded a positive increase in grain, and straw 

yield when compared with untreated plots (H0). 

The increases resulted from the treatment of H20 

were 9.66, and 9.11 % for grain, and straw yield, 

respectively as compared with H0.  

In addition, it looks to be true in all 

treatments, the use of foliar application of 

ammonium humat at any level recorded values 

higher than using soil application. These results 

due to that humic substances had been claimed to 

promote plant growth and yield by increasing the 

permeability of cell membrane, oxygen uptake, 

photosynthesis, nutrient uptake, and root cell 

elongation. These findings are in similar with 

this obtained before that by Magdy et al. (2011), 

Sahar et al., (2020) and Ibrahim et al. (2013).  

With respect to the interaction effect between 

the different levels of mineral N application and 

the levels of ammonium humat at the two 

application methods, results in Table 3 indicate 

that increasing application rates of mineral N 

from 50 up to 100 % of the recommended dose 

as combined with ammonium humat at treatment 

H10 by using foliar or soil application recorded a 

significant increase in grain, and straw yield of 

maize plants.  

The highest mean values of maize yield were 

recorded at the application of mineral N at a rate 

of 279.5 kg ha
-1

 (N100) flowed by  209.63 kg N 

ha
-1

 (N75) combined with treatments of H15 and 

of H20 at the two application methods (foliar and 

soil). Moreover, the obtained results clearly that, 

the treatment of N75 as combined with the 

treatments of H15 and H20 at the foliar application 

of ammonium humat in all cases produced mean 

values similar to the individual application of 

N100 treatment with non-significant differences 

between them. This stimulatory effect may be 

related to increased nutrient uptake by plants and 

consequently improve the growth and yield of 

maize plants. These results are with those 

obtained by Yldirim (2007), El-Gohary et al. 

(2010), El-Hassanin et al. (2016), Zakaria 

(2018), Khan et al. (2019) and Shehata et al., 

(2023).  

 

Nutrient uptake  

The main effect of mineral N application on 

total NPK uptake (kg N ha
-1

) in both grain and 

straw by maize plants is given in Tables 4 and 5. 

Generally, the obtained results show a significant 

increase in NPK uptake by maize plants at any 

level of N mineral application. The highest NPK 

uptake was recorded by using the high level of N 

mineral (N100) which gave values over using 

treatment of N50 by 27.0, 25.0 and 22.6 for N, P 

and K uptake by grain respectively and 15.6, 

38.4 and 22.3 for straw, respectively similar 

results were observed by El-Edfawy (2017), 

Zakaria (2018), Sahar et al., (2020) and Shehata 

et al., (2023).   
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Also, data in Tables 4 and 5 indicate that the 

application of the ammonium humat shows a 

significant increase effect in NPK uptake by both 

grain and straw of maize plants. The stimulation 

of NPK uptake may be due to the effect of humic 

substances on the membrane permeability and 

the better-developed root system (Fahmy et al., 

2016 and Kandil et al., 2020 and Sahar et al., 

2020).  

In addition, it can be seen in Tables 4 and 5 

that, using foliar spraying of ammonium humat 

gave higher mean values in NPK uptake in all 

cases as compared with the soil application 

method.  

As regards to the interaction effect of both 

mineral N  and ammonium humat data in Tables 

4 and 5 illustrated that the combined application 

of mineral N and ammonium humat at the 

different studied levels had significant increases 

in total NPK uptake by grain and straw of maize 

plants at the two application methods (foliar and 

soil application). The highest increases in all 

determined nutrients were observed by plants 

fertilized with the treatment of N100 and foliar 

application of treatment H20. The beneficial 

effects of using humic substances along with 

mineral N on increasing NPK uptake could be 

due to their effect on providing plants with their 

requirements from different nutrients. (Yldirim, 

2007; EL Bassiony et al. 2010; EL- Gohary et al. 

2010 and Fahmy et al. 2016 and Shehata et al., 

2023). 

It is worth noting that in most cases, the 

second rate of mineral N75 along with foliar 

spraying by treatment of H20 received values in 

NPK uptake by grain and straw of maize plants 

similar to or better than the treatment of N100 

when added individually and there were non-

significant differences between them. It is clear 

that foliar application of the treatment of N75*H20 

can be the best treatment among all treatments.  

 

Soil content of available NPK 

Results in Table 6 illustrate the effect of 

mineral N levels, application methods and the 

rates of ammonium humat on soil content of 

available N, P and K after harvesting of maize 

plants. The results indicate that soil content of 

available NPK were affected significantly by the 

levels of mineral N and application of the 

ammonium humat methods . The high level of 

N-application fertilizer dose (N100) recorded the 

highest values of available NPK in the soil while 

the  lowest level of N-application fertilizer dose 

(N50) treatment resulted in the lowest values for 

soil content of available NPK.   

Also, data in Table 6 indicate that the 

different levels of ammonium humat application 

significantly increase the soil content of available 

NPK compared with control. Generally, soil 

application of ammonium humat gave values 

higher than foliar application. The increments 

between the two application methods were 4.0, 

7.8 and 7.7 for N, P and K respectively. These 

results are in agreement with EL Gohary et al., 

(2010); EL Masry et al., (2014); Shehata et al., 

(2023) and Abdo et al., (2022) who reported that 

ammonium humat caused an increase in the 

availability of nutrients in the soil. ammonium 

humat influence of increase the permeability of 

plant membranes, activity enzyme systems 

positive effect on cell division, root 

development, decrease plant stress, growth 

stronger, reduce sandy soil erosion, increase the 

soil cohesive, development the sandy soil 

structure, improve soil physical characteristics , 

increase the CEC and soil buffering, promoting 

the soil elements chelation, development the 

nutrients available to plants, soil water contents 

improve nutrients uptake and the plant growth 

(Grapevines et al., 2013, Calvo et al., 2014, 

Rady and Mohamed, 2015, Sahar et al., 2020and 

Shehata et al., (2023). 

The increase of the soil content of available 

NPK due to soil application of ammonium humat 

may be humat containing many elements which 

improve the soil fertility and increase the 

availability of NPK nutrients but increased the 

plant growth, yield and plant nutrients uptake 

due to the ammonium humat foliar application 

methods. These results are in harmony with those 

obtained by (Padem et al. 1997, Doran et al. 

2003, Hafez 2003, Sahar et al., 2020 and Shehata 

et al., 2023.   

Concerning the result in Table 6 show that 

the combined of mineral N and ammonium 

humat treatments under two application methods 

positively effect on the available NPK in soil. 

Soil application of ammonium humat method 

gave the higher value than foliar application for 

all combined treatments particularly at rate 

N100*H20* soil application to nitrogen and 

humate  application. But it is worth noting that,  
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the plants that received the treatment of N75*H20* 

soil application in some cases produced values 

for soil available NPK equal to or higher than 

those that received 100 % of mineral N from a 

recommended dose as a solo.  These results are 

in accordance with those obtained by Magdi et 

al. (2011); Fahmy et al. (2016), El-Edfawy 

(2017), Sahar et al., (2020) and Shehata et al., 

(2023).  

 

Conclusion 

Based on the obtained results, it could be 

concluded that using ammonium humat contain 

20 g N L
-1

 N by foliar application along with 

75% of mineral N fertilizer from recommended 

dose could substitute 25 % of mineral N fertilizer 

and its consider the best application method 

which contributes to saving production costs and 

reducing the potential risk of environmental 

pollution and also minimize the harmful effect of 

nitrogen on human life. The highest plant 

character show that with  should be determined 

in foliar compared with humic addition to soil.  

And as a results nitrogen in ammonium humat its 

positive effect on maize yield, yield components, 

plant nutrients uptake and soil available NPK. 

 

Recomondation 

Ammonium humate can be used for source of 

nitrogen it can significantly increase of plant 

growth character  in  sandy soils. Furthermore, 

increase the yield, yield components, plant 

nutrients uptake and soil available NPK. We 

found that the addition ammonium humat 

supplement 10, 15 and 20 g N L
-1

 doses are 

benefit from humic and positive effect under 

sandy soil. benefit level addition and the highest  

production should be determined at ammonium 

humate contain 20 g N L
-1

 in foliar with both 

nitrogen chemical fertilizer added to soil 100 or 

75%.  
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جأثَز المححوى النَحزوجَني في هَومات الامونَوم علي سٍادة إنحاج محصول الذرة جحث 

 ظزوف الأراضي الزملَة و انخفاض الحسمَذ النحزوجَني 

 

 أشزف صابز شحاجة ،ذ سعذ محمذ علٌمحم ،ٍاسز محمذ الإدفاوً

 انجٍضح –يعٓذ ثحٕس الأساضى ٔانًٍبِ ٔانجٍئخ  –يشكض انجحٕس انضساعٍخ 

 الملخص العزبٌ

يصش. ٔرنك  –فً يحطخ انجحٕس انضساعٍخ ثبلإسًبعٍهٍخ  2222/  2222أجشٌذ رجشثزٍٍ حقهٍزٍٍ أثُبء يٕسًً صٍف 

% يٍ انًعذل انًٕصى ثّ يع إضبفخ انًٕاد انٍٕٓيٍخ فى 022ٔ  50،  02نذساسخ رأثٍش إضبفخ انُزشٔجٍٍ انًعذًَ ثًعذل 

جشاو ٍَزشٔجٍٍ نكم نزش ثطشٌقزٍٍ نلإضبفخ ًْٔب  22ٔ  00،  02صٕسح ٍْٕيبد الايٍَٕٕو انًزأثشح ثبنُزشٔجٍٍ ثًعذل 

رحذ  ُبصش ثبنزشثخٔرٍسشانع هُجبدنٔانزشكٍت انكًٍبٔي   انزسح انطبيٍخ إضبفخ أسضٍخ ٔإضبفخ ثبنشش انٕسقً عهى إَزبج

ٌٕبً رأثش يحصٕل انحجٕة ٔانقص ربثٍشًا يعُ -انشيهٍخ ثزصًٍى قطع يُطقخ يشرٍٍ ٔأٔضحذ انُزبئج يب ٌهً:ظشٔف الاسض 

ثإضبفخ انًعذلاد انًخزهفخ نهٍُزشٔجٍٍ انًعذًَ يُفشدًا أٔ يخزهطبً يع إضبفخ انًٕاد انٍٕٓيٍخ سٕاء كبَذ إضبفخ أسضٍخ أٔ سش 

 22% َزشٔجٍٍ يعذًَ + ٍْٕيبد الايٍَٕٕو   50ٔسقً. كبَذ أعهى قٍى سجهذ فى يحصٕل انحجٕة ٔانقص فً انًعبيهخ 

% يٍ  022عهى الأٔساق ْٔزِ انًعبيهخ أعطذ َزبئج يسبٌٔخ أٔ أعهى يٍ انًعبيهخ  جشاو ٍَزشٔجٍٍ نكم نزش ٔانًضبف سضًب

انُزشٔجٍٍ انًعذًَ يُفشدًا. أٔضحذ انُزبئج أٌضًب َفس الإرجبِ ثبنُسجخ نهًًزص يٍ انُزشٔجٍٍ ٔانفٕسفٕس ٔانجٕربسٍٕو ثٕاسطخ 

فقذ أضحذ انُزبئج صٌبدح  ربسٍٕو انًٍسش فً انزشثخكم يٍ انحجٕة ٔانقص نُجبد انزسح ٔ ثبنُسجخ نهُزشٔجٍٍ ٔانفٕسفٕس ٔانجٕ

. ًٌٔكٍ ٍٕٓيبد الايٍَٕٕوالاسضى نضبفخ لارٍسش ْزح انعُبصش ثضٌبدح رشكٍض انٍُزشٔجٍٍ انًضبف ٔ اٌ اعهى انقٍى كبَذ يع ا

  22زشٔجٍٍ ثًعذل رهخٍص انُزبئج انًزحصم عهٍٓب ثضٌبدح كفبءح انُزشٔجٍٍ انًعذًَ ثإضبفخ ٍْٕيبد الايٍَٕٕو انًزبثشح ثبنُ

ٔ  نلاساضى انشيهٍخجشاو ٍَزشٔجٍٍ نكم نزش سٕاء سضًب عهى الأٔساق أٔ إضبفخ أسضٍخ ٔانزي اَعكس عهى صٌبدح الإَزبجٍخ 

 % رحذ ظشٔف الأسض انشيهٍخ.      20ٔثزنك ًٌكٍ عًم إحلال جضئً نهُزشٔجٍٍ انًعذًَ ثُسجخ  ٔ جٕدح انًحصٕل اَزبج انزسح

 


