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A B S T R A C T   

Nitrate leaching from soil is a major environmental issue in modern agriculture as it can contaminate ground-
water and degrade soil quality. Both nitrogen fertilization practices and irrigation methods contribute greatly to 
increased nitrate leaching. Researchers have developed quantitative models to predict nitrate leaching based on 
these farming techniques. This article examines new literature focusing on such models, particularly regarding 
salty soils used for maize cultivation. The study investigated the effects of nitrogen application rates and irri-
gation intervals on soil and groundwater properties in clay soils in Egypt. Results showed that nitrogen fertil-
ization and irrigation frequency significantly impacted the water table depth, groundwater salt content, soil 
moisture levels, soil nitrogen availability, and groundwater nitrate levels. Correlations were discovered between 
nitrogen application, irrigation schedules, and various soil and groundwater parameters. The research empha-
sizes managing nitrogen rates and irrigation timings to maximize soil moisture while minimizing nitrate leaching 
during maize production. Proper agricultural management techniques are needed to reduce groundwater nitrate 
pollution risks. The review contributes to more sustainable farming practices.   

1. Introduction 

Nitrate leaching from agriculture pollutes soil and groundwater, 
threatening ecosystems and human health (Patel et al., 2022). Excess 
nitrogen fertilization (Lu et al., 2021) and inefficient irrigation (Rath 
et al., 2021) drive nitrate leaching. This paper reviews research on 
quantitative models predicting nitrate leaching from nitrogen and irri-
gation inputs for maize in saline soils, to mitigate nitrate pollution. 

Several quantitative models have been developed to predict nitrate 
leaching from agricultural soils, incorporating factors like nitrogen 
fertilization and irrigation methods (Rath et al., 2021). Nitrogen fertil-
ization is a major contributor to nitrate leaching by increasing plant- 
available nitrogen, which is readily leached by water (Wang et al., 
2019). Irrigation techniques can influence nitrate leaching by regulating 
water drainage in the soil profile (Yang et al., 2020). 

Maize (Zea mays L.) is one of the most widely cultivated cereal crops 

globally, planted on nearly 200 million hectares worldwide (USDA, 
2017). However, saline soils present challenges for maize production, as 
salinity stress can reduce germination, plant growth, and yield (Jamil 
et al., 2011). Salt stress also alters maize nitrogen metabolism, uptake 
and utilization (Azizian and Sepaskhah, 2014). Developing nitrate 
leaching models for maize under salt-affected soil conditions is therefore 
critical to optimize nitrogen fertilizer rates and irrigation practices. Prior 
studies have examined nitrate leaching from maize under different 
irrigation regimes (Jia et al., 2014). However, 

Nitrate leaching from agriculture contaminates water globally (Patel 
et al., 2022). Excess nitrogen and inefficient irrigation drive this issue 
(Yang et al., 2020). While quantitative models predict nitrate leaching 
from management practices exist (Díaz et al., 2012), models for maize in 
saline soils are lacking. This study addressed this gap by examining ni-
trate leaching correlations with nitrogen and irrigation inputs for maize 
in a salt-affected soil. 
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2. Materials and methods 

2.1. Experimental site and climate 

Two field studies were conducted on a clay soil in the experimental 
farm of El-Serw Agriculture Research Station, Agriculture Research 
Center, Damietta governorate (31◦14N and 31◦48E) in northern Egypt 
during the summer season (2020–2021). The soil had increased salinity 
issues from nearby drainage (Mosaad et al., 2020). The arid climate has 
hot dry summers and cool rainy winters (Messina, 2019). Meteorological 
measurements were taken during maize cultivation, including temper-
ature, precipitation, pressure, humidity and wind speed (Table 2, Fig. 1). 
Soil physicochemical properties are shown in Table 1. 

2.2. Experimental treatments and crop management 

A two-factor factorial experiment was conducted in a randomized 
complete block design with three replications. Factor A consisted of four 
nitrogen fertilisation levels. Factor B consisted of four irrigation in-
tervals (3, 9, 15, and 20 days). The experiment investigated all 16 
possible treatment combinations between the two factors. The experi-
mental field was divided into blocks to account for variability in soil 
characteristics. Fertilisation and irrigation treatments were randomly 
allocated within each of the three blocks. 

Maize was cultivated with four nitrogen fertilizer rates (0, 140, 280, 
420 kg N/ha) applied before two irrigations. Surface irrigation met 100 
% evapotranspiration needs on 16 m2 plots with four 4 m ridges. Maize 
variety 30K8 was planted May 10th both seasons, with grains 25 cm 
apart and thinned. Recommended practices were followed and maize 
harvested in early October. 

2.3. Water table fluctuations 

The plane work was designed to place observation wells at each 
treatment to monitor the fluctuation of the water table. During the 
irrigation interval, the ground water table was measured in observation 
wells (19 mm diameter and 2 m length) using a sounder consisting of a 

1.25 cm diameter copper tube and 5 cm length coupled with a calibrated 
steel tape (Karklins and Lenon, 1996). 

2.4. Soil samples 

Soil samples were obtained from the soil’s surface (0–30 cm). Soil 
samples were obtained for chemical and physical property analysis. 
Table 1 shows how soil samples were evaluated using recommended 
procedures. To measure Available nitrogen in the soil (mg kg− 1), the 
Kjeldahl method was employed (Hesse, 1971). Also, soil moisture con-
tent was estimated using an irrigation interval (after 3, 9, 15, and 20 
days of irrigation). 

Fig. 1. Maximum, Minimum and mean Temperature, Dew/Forest Point, Wet Bulb and Earth Skin Temperature (◦C) of experimental site during summer seasons 2020 
and 2021. 

Table 1 
Some physico-chemical properties of the investigated soil:  

Properties The first 
season 

The second 
season 

Physical properties: 
Particle size distribution 

(%) 
Coarse Sand 11.4 11.3 
Fine Sand 13.9 13.7 
Silt 16.5 16.7 
Clay 58.2 58.3 
Texture 
Class 

Clayey Clayey 

Bulk density (g cm− 3) 1.3 1.2 
Field capacity (%) 40 41 
Chemical analysis: 
pH (1:2.5 Soil water suspension) 8.1 8.2 
EC dSm− 1 (1:5 Soil extract) 6.50 6.61 
OM % 0.85 0.83 
Soluble cations 

(mmolc l− 1) 
Ca++ 10.14 9.99 
Mg++ 9.55 9.43 
K+ 0.37 0.36 
Na+ 39.25 37.18 

Soluble anions 
(mmolc l− 1) 

CO3
− – – 

HCO3
− 1.88 1.78 

Cl− 38.77 33.94 
SO4

− 18.66 21.24 
Available N (mg kg− 1 soil) 36 37  
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2.5. Water samples 

Groundwater was sampled at 3, 9, 15, and 20 days after irrigation to 
analyze electrical conductivity (ECw) and nitrate concentration. ECw 
was measured with a conductivity meter calibrated using KCl solutions. 
Nitrate was determined spectrophotometrically by reacting samples 
with brucine sulfate and sulfuric acid to form a complex extracted into 
amyl acetate and measured at 405 nm, calibrated against potassium 
nitrate standards (Sparks et al., 2020). 

2.6. Data statistical analysis 

The data was statistically analyzed using ANOVA in SPSS (v. 26, IBM 
Inc., Chicago, II, USA) to determine the effect of factors and their in-
teractions on measured parameters (Snedecor and Cochran, 1989). 
Means were compared by Tukey’s HSD test at P ≤ 0.05. Standard error 
was calculated. Stepwise multiple regression modeling was used to 
evaluate the relationship between nitrogen fertilization, irrigation in-
tervals as independent variables, and nitrate concentration in ground-
water as the continuous dependent variable (Eberly, 2007). 

3. Results 

3.1. Ground water and soil properties 

The influence of mineral nitrogen fertiliser levels on several ground 
water characteristics was substantial at 5 % during the time period be-
tween irrigations. This relationship is depicted in the following 
illustrations: 

3.1.1. Depth of water table (cm) 
Fig. 2 displays the effect of nitrogen fertiliser levels on the depth of 

the water table between irrigations when maize is planted. The greatest 
depth of the water table was when 420 kg N ha− 1 was applied after 20 
days of irrigation, which indicated an increase in depth of the water 
table with increasing rates of nitrogen fertilisation, as is the case when 
prolonging the interval between irrigations. 

3.1.2. Ecw of ground water (ds m− 1) 
Fig. 3 shows how nitrogen fertilisation levels during maize agricul-

ture impact the electrical conductivity (ECw) of ground water between 
irrigations. Where it was established that, in contrast to the scenario 
when increasing the period between irrigations, the ECw of the ground 

Table 2 
Average Precipitation Corrected (mm), Surface Pressure (kPa), Relative Humidity (%) and Wind Speed Range (m/s) of experimental site during summer seasons 2020 
and 2021.  

Month Precipitation Corrected (mm) Surface Pressure (kPa) Relative Humidity (%) Wind Speed Range (m s− 1) 

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

2020 
May 0.01 0.02 101.30 0.31 60.15 6.40 3.15 0.95 
June 0.00 0.01 100.99 0.23 49.90 5.89 3.34 0.77 
July 0.00 0.00 100.60 0.18 51.85 3.16 3.15 0.55 
August 0.00 0.00 100.62 0.14 53.80 2.94 3.04 0.50 
September 0.00 0.00 101.01 0.25 58.18 4.06 2.93 0.52 
October 0.04 0.11 101.43 0.18 61.33 2.72 2.72 0.41 
2021 
May 0.00 0.00 101.15 0.17 47.44 6.04 3.07 0.69 
June 0.00 0.00 101.14 0.26 49.66 3.36 3.20 0.50 
July 0.00 0.00 100.63 0.18 50.15 3.53 3.15 0.79 
August 0.03 0.06 100.73 0.18 51.94 4.77 2.70 0.62 
September 0.05 0.11 101.09 0.18 55.27 3.79 3.26 0.49 
October 0.18 0.61 101.47 0.28 59.66 4.16 2.89 0.54  

Fig. 2. Effect of nitrogen fertiliser levels on the depth of the water table (cm) between irrigations.  
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water fell with increasing nitrogen fertilisation rates, and it was lower 
than the ECw of the ground water after three days of irrigation when 
using 420 kg N ha− 1. 

3.1.3. Soil moisture content (%) 
Fig. 4 shows how nitrogen fertilisation levels during corn cultivation 

alter soil moisture content between irrigations. The highest soil moisture 
content was when using 0 kg N ha− 1 after 3 days of irrigation, illus-
trating that raising nitrogen fertiliser rates, as well as increasing the 
duration between irrigations, decreases soil moisture content. 

Furthermore, the graph shows that the time between irrigations in-
fluences soil moisture content, with soil moisture content decreasing as 
the time between irrigations increases. This discovery is also consistent 
with earlier research, which shows that longer watering intervals cause 
increased water stress in plants, resulting in lower soil moisture content. 

3.1.4. Soil content of available nitrogen (mg kg− 1) 
Increasing mineral nitrogen fertilization from 0 to 420 kg N/ha 

significantly increased plant-available soil nitrogen after the first and 
second irrigations (Fig. 5). The highest soil nitrogen was with 140, 280, 

Fig. 3. Effect of nitrogen fertiliser levels on the ECw of ground water (ds m− 1) between irrigations.  

Fig. 4. Effect of nitrogen fertiliser levels on the soil moisture content (%) between irrigations.  

I.S.M. Mosaad et al.                                                                                                                                                                                                                            



Journal of King Saud University - Science 36 (2024) 103187

5

Fig. 5. Effect of mineral nitrogen fertilisation levels during maize production, on soil content of available nitrogen (mg kg− 1) after the first and second irrigations.  

Fig. 6. Effect of mineral nitrogen fertilisation levels during maize production, on ground water content of nitrate (mg l− 1) after the first and second irrigations.  
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420 kg N/ha after the second irrigation, while no fertilization had higher 
levels after the first. Soil nitrogen availability declined slightly from the 
first to second irrigation, and increased slightly with longer intervals 
between irrigations. 

An important issue to take into account for increasing crop yield and 
minimizing environmental effects is the effect of mineral nitrogen fer-
tiliser levels during the development of maize on soil nitrogen avail-
ability. Fig. 5 shows how different nitrogen fertilisation rates—from 0 to 
420 kg N ha− 1 affect the amount of available nitrogen in the soil for 
growing maize. 

3.1.5. Ground water content of nitrate (mg kg− 1) 
Fig. 6 shows mineral nitrogen fertilization from 0 to 420 kg N/ha 

significantly increased groundwater nitrate content after the first and 
second irrigations of maize cultivation. Nitrate levels rose with 
increasing fertilization rates. Nitrate also increased at all fertilization 
levels after the second irrigation compared to the first. Longer intervals 
between irrigations significantly decreased groundwater nitrate content. 

3.2. Correlation of groundwater and soil properties as affected by nitrogen 
fertilisation and the intervals between maize irrigations 

Table 3 shows correlations between nitrogen fertilization rates, 
irrigation intervals, and soil/groundwater parameters. Higher nitrogen 
rates correlated significantly and positively with greater groundwater 
nitrate and soil nitrogen levels. Longer intervals between irrigations 
correlated significantly and positively with deeper water tables, higher 
groundwater salt levels, but negatively with soil moisture content. 

3.3. Coefficients of stander multiple regressions of nitrate concentration in 
groundwater 

Table 4 show multiple regression coefficients for quantitatively 
predicting groundwater nitrate levels from nitrogen rates and irrigation 
intervals. The second model with significant coefficients for nitrogen 
rate, interval between irrigations, and the constant was used to forecast 
nitrate levels after the first, and second irrigations and on average, 
demonstrated the ability to quantitatively predict groundwater nitrate 
concentrations.  

1- The concentration of nitrates in the ground water = 12.578 + (0.072 
× the amount of nitrogen fertiliser) + (− 0.825 × the number of days 
between waterings)  

2- The concentration of nitrates in the ground water = 16.253 + (0.122 
× the amount of nitrogen fertiliser) + (− 1.106 × the number of days 
between waterings)  

3- The concentration of nitrates in the ground water = 14.416 + (0.097 
× the amount of nitrogen fertiliser) + (− 0.966 × the number of days 
between waterings) 

In the same way that the first equation displays the nitrate concen-
tration in the ground water following the first irrigation, the second 
equation displays the nitrate concentration in the ground water 
following the second irrigation, and the third equation displays the 

average nitrate concentration in the ground water following each 
irrigation. 

4. Discussion 

Longer irrigation intervals increase water table depth due to wors-
ened drought effects. Also, higher nitrogen fertilization increases plant 
growth and water consumption, further raising the water table depth. 
Water table depth indicates soil moisture; positive values show the 
water table below ground, negative above. Soil moisture regulates peat 
carbon loss by controlling oxygen levels that affect microbial breakdown 
of peat (Teh et al., 2005). 

While lengthening the time between irrigations raises the salinity of 
the groundwater, it also raises the concentration of salts, which raises 
the level of electrical conductivity. Enhanced nitrogen fertilisation, on 
the other hand, will lower the level of electrical conductivity in 
groundwater. This is due to enhanced soil fertility, which will distribute 
the biological content of the soil, which may operate to lower the level of 
electrical conductivity. Soil pH, EC, and nutrient availability are all 
related (Arshad and Martin, 2002). However, as Shen et al. point out, 
high nitrogen fertilisation rates, particularly in intensively managed 
agricultural areas, have resulted in secondary salinization and acidifi-
cation of soil (Shen et al., 2016). 

Fig. 5 shows that increasing nitrogen fertiliser rates from 0 to 420 kg 
N ha− 1 resulted in a considerable increase in the quantity of available 
nitrogen in the soil following the first and second irrigations. This dis-
covery is consistent with earlier research, which has demonstrated that 
nitrogen is a critical nutrient that can have a major impact on plant 
development and productivity (Mosaad et al., 2020). 

The effect of nitrogen fertilisation on nitrate concentrations in 
groundwater during maize cultivation is an urgent issue that must be 
addressed. Fig. 6 depicts the effect of various quantities of mineral ni-
trogen fertiliser on nitrate concentrations in groundwater over two 
growing seasons. The data showed that mineral nitrogen fertilisation 
had a substantial effect on the concentration of nitrate in groundwater 
after the first and second irrigations. The results revealed that increasing 
nitrogen fertilisation rates from 0 to 420 kg n/ha resulted in an increase 
in nitrate concentration in groundwater. After the second irrigation, the 
amount of nitrate in the groundwater rose when utilizing 0, 140, 280, 
and 420 kg N ha− 1. These findings are consistent with prior research that 
found a link between nitrogen fertilisation rates and nitrate leaking into 
groundwater (Minikaev et al., 2021). It is worth mentioning, however, 
that the concentration of nitrate in groundwater was significantly lower 
when the intervals between irrigations were greater. This is consistent 
with prior research that has shown that extending irrigation intervals 
reduces nitrate concentrations in groundwater (Abbasi and Sepaskhah, 
2023). Adopting adequate irrigation measures, in addition to optimizing 
nitrogen fertilisation levels, can assist decrease nitrate leaking into 
groundwater. 

Table 3 links high nitrogen fertilizer rates to increased accessible soil 
nitrogen (positive; Marsala et al., 2021; Minikaev et al., 2021) and 
groundwater nitrate (positive), but decreased soil moisture (negative; Si 
et al., 2020). It also reveals longer irrigation intervals increase soil 
moisture, groundwater depth, and groundwater EC (all positive; Gu 

Table 3 
Pearson correlation and significantly of some groundwater properties and available nitrogen in soil as affected by nitrogen fertilization and the intervals between maize 
irrigations.  

Treatments Water table depth(cm) Ecw 

(dsm− 1) 
Moisture content (%) Nitrate in groundwater 

(mg L− 1) 
Available nitrogen in the soil 
(mg kg− 1) 

After the 1st IRR. After the 2nd IRR. After the 1st IRR. After the 2nd IRR. 

Nitrogen fertilization  0.214  − 0.295  − 0.384*  0.862**  0.912**  0.988**  0.989** 

Days after irrigation  0.939**  0.905**  − 0.892**  − 0.401*  − 0.336  − 0.116  − 0.088 

*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-tailed). 

I.S.M. Mosaad et al.                                                                                                                                                                                                                            



Journal of King Saud University - Science 36 (2024) 103187

7

et al., 2019), but interestingly decrease nitrate concentration after the 
first irrigation (negative; Zhang et al., 2020), possibly due to dilution. 

This study used regression analysis to predict nitrate levels in 
groundwater after irrigation. Nitrogen fertilizer amount and time be-
tween irrigations significantly impacted nitrate levels. Developed 
models can help farmers manage these factors to minimize nitrate 
contamination. However, the models may not be universally applicable 
and further research is needed in diverse regions. Overall, careful fer-
tilizer and irrigation practices are crucial to protect water quality. 

5. Conclusions 

The present study demonstrated that nitrogen fertilisation rates and 
irrigation intervals significantly influence groundwater and soil prop-
erties, as well as nitrate leaching, in maize grown in salt-affected soils. 
Key findings showed increased water table depth, decreased soil mois-
ture, and increased nitrate leaching with higher nitrogen fertilisation 
rates. Extending irrigation intervals also impacted groundwater and soil 
parameters. Quantitative models developed in this study provide a 
useful tool for predicting nitrate leaching based on nitrogen fertilisation 
and irrigation practices. The models can inform best practices for 
minimizing nitrate pollution risks. This highlights the importance of an 
integrated approach combining controlled nitrogen fertilisation and 
optimized irrigation scheduling when cultivating maize in saline 
environments. 
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