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ABSTRACT 

Maintaining an unlimited supply of nutrients to roots in sands is a challenge in agricultural lands. Potassium 

leaching (KL) in small-scale columns was continued for five pore volumes with four types of sand (5-6% clay 

including limed and non-limed Merredin sands, Ballidu sand, Whitby sand) from Western Australia and 

treated with three levels of K (0, 20 and 60 kg K ha
-1

). The HYDRUS-1D model was applied for simulation of 

drainage water volume and K leaching for each soil. The model simulated drainage volume and KL for all 

treatments. The values of root mean square error in simulating K concentration of leachate ranged from 0.0011 

to 0.0619 mg/cm
3
 depending on soil type and the level of K. At the equivalent of 60 kg K ha

-1
, K leaching in 

Merredin unlimed and limed soils occurred after pore volumes of 2.5 and 4.75, respectively. Application of 60 

kg K ha
-1

 in Ballidu soil caused a leaching of 57 mg L
-1

 while the model estimates for KL in this soil was 31.5 mg 

L
-1

. Results related to the observed and simulated K concentration of leachate in Ballidu soil, showed that with 

the application of 60 kg K ha
-1

 the mean values of these parameters were 27.8 and 34.3 mg L
-1

, respectively, 

with indicating that increased pH delayed the KL process. While HYDRUS-1D modeling can be a practical tool 

in monitoring the leaching of K from sands further improvements are needed to capture the effects of K 

fertilizer on rates of leaching.  

 

Keywords: soil features, fertilizing practice, nutrient leaching, light soils. 

 
INTRODUCTION 

 

otassium (K) leaching is detrimental to 

the maintenance of sustainable arable 

land K fertility, especially in light soil textures 

(Werle et al., 2008), and low-K fixation soils 

(Dianjun et al., 2022). Due to the high 

percentage of potassium (60%) and reasonable 

economic price, potassium chloride supplies 

about 90% of potassium fertilizer used in the 

world (www.statista.com), and like urea, has 

a high solubility. Increasing the concentration 

of potassium from agricultural practices and 

the discharge of untreated wastewater from 

industries can contribute to water pollution. 

This can result in the contamination of water 

sources, posing a threat to aquatic life and 

human health (Sharpley and Halvorson, 1994; 

Skowron et al., 2018). Based on what World 

Health Organization (2011) and Griffioen 

(2001) reported, potassium concentrations in 

groundwater near agricultural areas are often 

more than the permissible level for drinking 

water (12 mg L
-1

). 

Since potassium plays an important role in 

increasing crop production, it is important to 

investigate the concentration of potassium in 

the soil and the main pathways for loss from 

the soil profile. Kolahchi and Jalali (2007), 

reported that potassium fertilizers application 

in calcareous sandy soils due to low clay 

content and limited soil buffering capacity of 

these soils, caused a high amount of 

potassium entered the soil solution phase and 

drainage which increased its loss. Field-based 

studies of potassium leaching are limited by 

soil non-uniformity. So, to answer this need, 

simulation models have been developed 

(Zhang et al., 2020). The HYDRUS model, 

known as an advanced simulator model, 

P 
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simulates the one-, two-, and three-dimensional 

movement of water, salts, and heat in the soil 

(Šimůnek et al., 2012). There are limited 

studies evaluating the HYDRUS model 

performance in potassium transport simulation 

in the soil. Shekhar et al. (2021) successfully 

used the one-dimensional HYDRUS model to 

predict potassium movement in rice cultivated 

lands. Shekhar et al. (2024) applied the 

HYDRUS-1D model to simulate potassium (K) 

transport in rice fields under alternating 

wetting and drying (AWD) irrigation. Results 

showed that maintaining a 4-5 cm ponding 

water depth with a soil matric potential head 

of 400 cm optimized K availability and reduced 

leaching losses. HYDRUS-1D proved effective 

for managing K fertilization in AWD systems 

for sustainable rice production. 

The texture of the soil has a major impact 

on K leaching (Jalali and Jalali, 2022). 

Potassium leaching has received less 

attention than phosphorus and nitrate 

leaching in sandy soils with a variety of soil 

characteristics. To date, the ability of the 

HYDRUS model in simulating potassium 

transfer in sandy soils has been rarely 

evaluated. Since 70% of the soils of Western 

Australia (the largest state of Australia and 

center of grain and oilseed production) are in 

the soil textural class of sandy (Tennant et al., 

1992), it is necessary to be aware of the 

process of solute transfer as well as the entry 

of potassium into the drain and its loss, 

especially since the potassium storage 

capacity of these soils is limited. Indeed, 

potassium leaching prediction can play an 

important role in enhancing fertiliser use 

efficiency, and then minimise K leaching. 

Thus, the present study aimed to investigate 

potassium leaching experiments in small-scale 

columns (column K leaching experiments are 

time-consuming and labor-intensive) and 

assess the potential of one-dimensional 

HYDRUS model in predicting the process of 

potassium transfer in the soils. 

  

MATERIAL AND METHODS 

 

Experiments 

Several representative sands from 

southwest Western Australia were collected 

(see Table 2, 31°48'32" S, 118°22'64" E, 

altitude 320 m) and standard methods were 

used to analyze their important physical and 

chemical properties (Motesharezadeh et al., 

2021). Extractable concentrations of macro 

and micronutrients, soil texture, EC and pH 

were determined, in addition to the 

measurement of nitrate and potassium 

leaching from small-scale columns        

(Table 1). Based on previous leaching  

studies in small columns (Kolachi and Jalali, 

2007; Wong and Wittwer, 2009), the small 

plastic columns with 10.6 cm in length and   

3 cm in diameter were used through the 

present study. Each column was filled with 

contained 90 g of dry soil. In this study, for 

all studied soils, the meaning of 1 pore 

volume (PV) was 24 ml of leaching solution. 

1 PV was applied to saturate the soil column 

and after that the leachates were collected 

every 0.25 PV (6 mL) until 5 PV was 

reached. Our primitive leaching study with 

up to 20 PV indicated the slight K leaching 

from the studied soil after 5 PV, similar to 

findings previously reported (Wong et al., 

1990; Kolahchi and Jalali, 2007). 

Treatments and measurements for each 

soil were mentioned in the following. K 

applied to soil were at the rates of equal to 

zero (0K), 20 (20K) and 60 kg K/ha (60K) 

using KCl applied on soil surface area basis 

to the leaching columns and there were three 

replications for each treatment. Each column 

had a surface area of 7 cm
2
, so 0, 2.8, 8.4 mg 

KCl/column were added to obtain the 

treatments of 20 and 60 kg K/ha, 

respectively. Nitrogen fertilizer was applied 

at equivalent to 50 kg N/ha as urea. The 

leaching processes were carried out at room 

temperature (22-24°C). After each 0.25 PV, 

leachate from each soil was analyzed for K, 

NO3 concentrations, pH and electrical 

conductivity (EC). K content of leachates 

was measured using a flame photometer 

(Model 410- Sherwood), and NO3 content 

was measured using ion selective electrode 

(Model: HORIBA), EC and pH were also 

determined by use of EC meter (Model WP-

981) and pH meter (Model PC 700 EUTECH 

MEAS), respectively. 
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Table 1. Values of soil hydraulic parameters for all study soils 

 

Ks 

(cm min
–1

) 

n 

(–) 

α 

(cm
−1

) 

θs 

(cm
3
 .cm

−3
) 

θr 

(cm
3
 .cm

−3
) 

Soil type 

0.2857 2.03 0.035 0.34 0.0486 Merredin limed 

0.2857 2.03 0.035 0.34 0.0486 Merredin unlimed 

0.2857 3.29 0.033 0.34 0.0492 Whitby 

0.2857 2.03 0.035 0.34 0.0486 Ballidu 

 
Table 2. Some chemical features of studied soils of Merredin sands (limed, unlimed), Whitby and Ballidu sands 

(unlimed)  

 

Soil type/Soil properties Merredin (limed) Merredin (unlimed) Whitby Ballidu 

pH (CaCl2) 6.20 4.5 4.6 5.8 

Electrical conductivity (dS/m) 0.09 0.11 0.02 0.05 

Organic carbon (gkg
-1

) 9.2 8.2 12.0 4.3 

NO3 (mgkg
-1

) 32 22 1 6 

NH4 (mg/kg) 1 4 2 1 

P Colwell (mg/kg) 64 86 19 21 

K Colwell (mg/kg) 85 70 <15 34 

Exc. Ca (cmol/kg) 4.31 1.55 0.75 1.5 

Exc. Mg (cmol/kg) 0.45 0.37 0.16 0.19 

Exc. Al (cmol/kg) 0.12 0.49 0.57 0.02 

Exc. K (cmol/kg) 0.16 0.15 0.03 0.12 

Exc. Na (cmol/kg) 0.07 0.11 0.05 0.03 

Effective CEC (cmol/kg) 5.11 2.67 1.56 1.86 

Sand% 

Clay% 

Longitude and latitude 

93 

6 

31°48'32.53"S 

118°22'64"E 

92 

5 

31°28'59.7"S 

118°13'12.2"E 

94 

5 

32°29’14"S 

116°13'49.2"E 

94 

5 

30°59’44"S 

116°77'23"E 

 

HYDRUS-1D 

One-dimensional HYDRUS model was 

used to model potassium leaching using the 

obtained data from the present experiment. 

The HYDRUS-1D model (Šimůnek et al., 

1998, 2012) uses one-dimensional form of 

the Richards' equation for simulating water 

movement in the soil: 

 (1) 

where θ is the volumetric water content 

(cm
3
/cm

3
), h is the pressure head (cm), S is a 

sink term (day
-1

), x is the spatial coordinate 

(cm), t is time (day), K is the unsaturated 

hydraulic conductivity (cm/day), α is the 

angle between the flow direction and the 

vertical axis (α = 0
0
 for vertical flow, 90

0
 for 

horizontal flow, and 0
0
 < α < 90

0
 for inclined 

flow). 

The HYDRUS-1D model implements the 

soil-hydraulic functions proposed by van 

Genuchten (1980) and Mualem (1976) to 

describe the soil water retention curve, Ө(h), 

and the unsaturated hydraulic conductivity 

function, K(h), respectively: 

 (2) 

 
(3) 

 (4) 

 
(5) 

where Өr and Өs denote the residual and 

saturated water content, respectively 

(cm
3
/cm

3
); α is the inverse of the air-entry 

value (cm
-1

); Ks is the saturated hydraulic 

conductivity (cm/day), n is the pore-size 

distribution index (dimensionless), Se is     

the effective water content (dimensionless); 

and l is the pore-connectivity parameter 

(dimensionless), with an estimated value of 

0.5, resulting from averaging conditions in a 

range of soils (Mualem, 1976). 
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HYDRUS-1D numerically solves the 

convection - diffusion equation with zero - 

and first-order reaction and sink term. The 

Galerkin finite element method is used in  

this model to solve the governing equation 

subjected to appropriate initial and boundary 

conditions. In this study, potassium (K
+
) 

transfer was simulated by solving the 

following equation:  

 (6) 

where c and s are the potassium 

concentration in the liquid and solid phases 

[ML
-3

], respectively; ρ is the soil bulk density 

[ML
-3

], q is the volumetric flux [LT
-1

] and 

D
w
 is the dispersion coefficient tensor [L

2
T

-1
] 

which can be defined as follows: 

 (7) 

where Dw is the molecular diffusion 

coefficient in free water [L
2
T

–1
]; τw is the 

tortuosity factor (dimensionless) and DL is 

the longitudinal dispersivity [L]. Proper 

profile discretization is key to achieving 

acceptable mass balance error (Valiantzas et 

al., 2011). In this study, the number of nodes 

was considered as 100 (the discretization was 

0.1 cm).  

HYDRUS assumes nonequilibrium 

interaction between the solution (c) and 

adsorbed (s) concentrations in the soil 

system. The adsorption isotherm relating to   

s and c is described by the following 

nonlinear equation of the form: 

 (8) 

where Kd [L
3
M

–1
], β [-] and η [L

3
M

–1
] are 

empirical coefficients. Kd is known as an 

adsorption coefficient.  

Measured values of soil potassium 

concentration and water content before the 

experiment were used as initial conditions 

within the flow domain. The soil profile was 

saturated before the experiment. Therefore, 

the initial soil moisture was equal to the 

saturated water content for each soil type 

(Table 1). The upper and lower water flow 

boundary conditions were set to variable 

pressure head/flux and free drainage, 

respectively. In this study, there was no plant 

(i.e., transpiration) on the soil columns. 

Evaporation from the soil surface was 

neglected due to the short period of the 

experiments (about 15-25 min) and indoor 

conditions. The upper and lower solute 

transport boundary conditions were also set 

to concentration flux and zero concentration 

gradient, respectively. The vertical soil 

profile was taken into account in the model to 

mimic the soil column experiments. In 

addition, 100 nodes were considered for the 

spatial discretization (0.1 cm). The model 

was calibrated for the control treatment (K0) 

and then validated for other treatments (K1 

and K2) for each soil. Some solute transport 

parameters were estimated using an inverse 

solution approach implementing the 

Levenberg-Marquardt optimization module 

built-in HYDRUS-1D (Simůnek et al., 1998). 

The inverse method is based on the 

minimization of the difference between the 

observed and simulated values. The objective 

function was defined as the sum of squared 

residuals (SSQ): 

 
(9) 

where n is the number of measurements 

for the j
th

 measurement set (e.g., solute 

concentrations, ...); qi*(x,z,ti) is the 

measurement at time ti, location x, and depth 

z; qi(x,z,ti,b) is the corresponding model 

prediction obtained with the vector of 

optimized parameters b=(θs, Ks DL, ...),     

and vj and wij are weights associated with      

a particular measurement set or point, 

respectively.  

In this paper, inverse estimation was applied 

to four potassium transport parameters, 

including DL, Kd, β and η. The values of the α, 

n and θr parameters were estimated using the 

Neural Network approach - ROSETTA (Schaap 

et al. 2001) provided by HYDRUS-1D. The 

measured values of Ks and θs were used in the 

model (Table 1). The inverse optimization 

method simultaneously uses all measured 

data, i.e., potassium concentrations of 

leachate for five pore volumes. HYDRUS-1D 

was run for the 20K and 60K treatments using 

the parameters calibrated for the control (0K) 

treatment.  
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Өr and Өs are the residual and saturated 

water content, respectively; α is the inverse of 

the air-entry value; Ks is the saturated 

hydraulic conductivity, n is the pore-size 

distribution index. 

 

Evaluation  

Two evaluation indices including 

coefficient of determination (R
2
) and root 

mean square error (RMSE) were used to 

evaluate the model performance in simulating 

K leachate: 

 (10) 

 (11) 

where Oi, Si, and n represent observed 

values, simulated values and number of samples, 

respectively, O and and S are the average 

observed and simulated values, respectively. 

 

RESULTS AND DISCUSSION 

 

The results given in Table 2 provide the 

important physical and chemical properties of 

the studied sandy soils while Figure 1 shows 

their location. The results of these traits were 

run in a one-dimensional model of HYDRUS 

and used to analyze the model results. 

 

 
 

Figure 1. Locations of sampled soils in Western Australia 

 

Model calibration 

The model was able to closely simulate 

drainage water of five pore volumes (120 ml) 

for all cases indicating that soil hydraulic 

parameters were well determined. Data given 

in Table 3 indicates the optimized values of 

the potassium transport parameters for all 

soils, explaining the minimum error between 

the observed and simulated values for the 

control soils. There were acceptable values 

for R
2
 and SSQ indices in all soils (Ebrahimian 

et al., 2013; Ranjbar et al., 2019). As a result 

of their study on clay loam and sandy loam 

soils, Nie et al. (2021) reported the reliable 

soil hydraulic and solute transport parameters 

determined from the inverse solution with the 

HYDRUS model under different potassium 

nitrate (KNO3) concentrations. 
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Table 3. Optimized potassium transport parameters for all soils 

 

SSQ R
2
 

β 

(–) 

η 

(mg
−1

 cm
3
) 

Kd 

(mg
−1

 cm
3
) 

DL 

(cm) 
Soil type 

1.083 0.683 0.645 6.784 0.7931 10 Merredin limed 

0.027 0.973 1.264 1.688 0.8095 8.56 Merredin unlimed 

0.041 0.960 1.093 21.23 0.0922 6.44 Whitby 

0.069 0.933 0.952 1.849 0.4747 10 Ballidu 

DL is the longitudinal dispersivity; Kd is the adsorption coefficient, η and β are empirical coefficients of the adsorption 

isotherm equation, R
2
 is coefficient of determination and SSQ is the sum of squared residuals. 

 

Model validation  

Table 4 presents the error of the model   

for all studied soil types and treatments.    

The values of RMSE ranged from 0.0011     

to 0.0619 mg/cm
3
 depending on soil type  

and the level of potassium application. 

HYDRUS-1d successfully simulated 

potassium concentration of leachate for all 

soil types under the control treatment. 

However, the accuracy of the model was 

reduced by potassium application and by 

increasing the level of potassium added. The 

greatest and lowest values of RMSE were 

obtained for the Merredin unlimed and 

Ballidu soils under the 20K and 60K 

treatments, respectively. The performance of 

the model was best for the Whitby soil under 

the control treatments as compared to other 

soils.  

Table 5 presents the simulated and 

observed cumulative K leached for all 

treatments and soils. The simulated values of 

cumulative K leached match well to the 

observed values for control treatments. 

However, the model largely overestimated 

cumulative K leached for both 20K and 60K 

treatments. Both simulation and observation 

showed that the Merridin unlimed and 

Whitby soils had the most and least values of 

cumulative K leached. K leaching increased 

by increasing the level of potassium application 

for all studied soils. 

 
Table 4. Error of the model in simulating potassium concentration of leachate for K treatments 

 

Soil type Treatment RMSE (mg/cm
3
) 

Merredin limed 

0K 0.0059 

20K 0.0120 

60K 0.0176 

Merredin unlimed 

0K 0.0023 

20K 0.0226 

60K 0.0619 

Whitby 

0K 0.0011 

20K 0.0157 

60K 0.0202 

Ballidu 

0K 0.0018 

20K 0.0045 

60K 0.0165 

 
Table 5. Comparison of simulated and observed cumulative K leached (mg) 

 

Soil type 
K0 K1 K2 

Simulated Observed Simulated Observed Simulated Observed 

Merredin limed 2.90 2.84 5.54 3.19 5.75 4.20 

Merredin unlimed 2.90 2.91 5.17 3.00 11.10 4.97 

Whitby 0.49 0.51 2.41 1.13 2.64 1.56 

Ballidu 1.43 1.44 2.20 1.96 4.11 3.33 
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K Leaching results 

Changes in simulated and observed trends 

for K leachate of four sandy soils (limed and 

non-limed Merredin sands, Ballidu sand, 

Whitby sand) treated with nil K (K0), 20 kg 

K/ha (K1) and 60 kg K/ha (K2) is presented 

in Figure 2. Based on these results, simulated 

and observed results for Merredin were 

closely to each other in K0 treatment, which 

is the same trend for all four studied sandy 

soils (limed and non-limed Merredin sands, 

Ballidu sand, Whitby sand). In dead, HYDRUS 

could simulate the trends in nil treatment. For 

K1 treatment in Merredin unlimed, milestone 

was observed at first PV, however in K2 it was 

in 2.5 PV and 147.5 mg/kg K concentration in 

leachate with significant delay due to impact 

of more K on soil features. Amazing results 

were observed in Merredin limed treatment 

K2, at 4.75 and 5 PV with 69.37 and 64 mg/kg 

K concentration for observed and simulated 

respectively (Figure 2) due to impact of lime 

on soil physical and chemical properties 

especially pH and CEC. The same trend was 

observed for K2 treatment from Ballidu and 

Whitby at 2.75 and 1.75 PV with 57.9 and 

45.5 K mg/kg concentration. Finally, the last 

graph (Yellow dotted line) showed 20% of 

data were over or underestimated with 

correlation between observed data model 

used data (Figure 2). 

 

  
 

  
 

  
 

a. b. 

c. d. 

e. f. 
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Figure 2. Changes in simulated and observed trends for K leachate of four sandy soils (limed and non-limed Merredin 

sands, Ballidu sand, Whitby sand) treated with nil K (K0), 20 kg K/ha (K1) and 60 kg K/ha (K2). The effect of K 

treatments [K0, 20 kg K/ha (K1) and 60 kg K/ha (K2)] on the changes of simulated and observed trends for K leachate in 

studied soils (limed and non-limed Merredin sands, Ballidu sand, Whitby sand). Values are means of three replicates. 

1a. Merredin unlimed K0; 1b. Merredin unlimed K1; 1c. Merredin unlimed K2; 1d. Merredin limed K0; 

1e. Merredin limed K1; 1f. Merredin limed K2; 1g. Ballidu sand K0; 1h. Ballidu sand K1; 

1i. Ballidu sand K2; 1j. Whitby sand K0; 1k. Whitby sand K1; 1l. Whitby sand K2; 

1m. K leaching equation and relationship between K-absorption and prediction 

m. 

g. h. 

i. j. 

l. k. 
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In the four control sands, where soil 

solution and exchangeable K were uniformly 

distributed in the column, the studied model 

fit well with the actual data. In all sands, K 

concentration was a range (15-85 mg/kg soil, 

Table 2) and in leachate was almost nil in the 

initial leaching events, and increased depends 

on soil features like lime, CEC, Ec and pH, 

between PV 2 up to PV 4 and finally the trend 

declined progressively with leaching events 

to below 5 mg/L after 5 PV. The milestone 

observation for Merredin unlimed was   

52.45 mg/L for K2 treatment in PV=2.75,   

for Merredin limed K2 was 69.37 mg/L in 

PV=4.75 (maximum delay phase due to 

impact of lime on soil characteristics), for 

Ballidu in K2 was 57.9 mg/L in PV=2.75  

and finally for Whitby K2 treatment was 

44.15 mg/L in PV=1.75 (Figure 2). By 

contrast, the potassium concentration in the 

leachate was overestimated by the studied 

model at the K1 and K2 levels for the soils. It 

seems that placing the soluble K at the 

surface of the column produces a different 

pattern of K leaching to the control soil 

where the K is uniformly mixed in the 

column. HYDRUS is not correctly calibrated 

to analysis the topdressing of KCl. 

A number of physical and chemical 

properties appeared to explain the variation 

in K leached from control sands. Sandy soil 

of Merredin limed had a pH of 6.2 which was 

close to neutral, while the pH of the other 

three sandy soils was acidic. Also, R
2 

of     

the soil (Merredin limed) was lower than    

the other three soils (Table 3 and 6). 

Furthermore, the results showed that the 

leaching amount in sandy soil of Ballidu   

was much less than Merredin. Perhaps one of 

the reasons for the high accuracy of the 

studied model was the relatively low leaching 

in this soil, which can be induced by the 

physical and chemical properties of this soil 

such as soil texture components, pH 5.8 and 

also low CEC (Table 1). According to the 

reported results from Table 6, correlation 

between K 7 NO3, K & Ec for Merredin 

unlimed was 0.73 and 0.79, respectively, and 

it was correlation 0.53 for K & Ec in 

Merredin limed. For Whitby between K & 

pH, K & Ec there were positive correlations 

0.77 and 0.54, respectively, which was with 

low CEC for this sandy soil. Paltineanu et al. 

(2021) conducted an experiment to evaluate 

the environmental risk of application of NPK 

fertilizers in light and medium textured soils. 

The present study was carried out with the 

aim of investigation of the possibility of NPK 

removal from the soil and then providing 

recommendations limiting the losses of these 

nutrients. The results of three studied soils 

treated with two levels of NPK fertilizer 

indicated that among these nutrients the most 

losses from the root zone followed the order 

potassium > nitrogen > phosphorus.  

 
Table 6. Pearson Correlations between measured soil characteristics 

 

a: Merredin unlimed 

 

 K NO3 pH EC 

K 
Pearson Correlation 1 .733

**
 .118 .792

**
 

Sig. (2-tailed)  .000 .620 .000 

NO3 
Pearson Correlation .733

**
 1 -.167 .890

**
 

Sig. (2-tailed) .000  .482 .000 

pH 
Pearson Correlation .118 -.167 1 -.375 

Sig. (2-tailed) .620 .482  .103 

EC 
Pearson Correlation .792

**
 .890

**
 -.375 1 

Sig. (2-tailed) .000 .000 .103  

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

*. Correlation is statistically significant at 0.05 level (2-tailed). 
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b: Merredin limed 

 

 K NO3 pH EC 

K 
Pearson Correlation 1 .259 -.871

**
 .535

*
 

Sig. (2-tailed)  .270 .000 .015 

NO3 
Pearson Correlation .259 1 -.580

**
 .930

**
 

Sig. (2-tailed) .270  .007 .000 

pH 
Pearson Correlation -.871

**
 -.580

**
 1 -.798

**
 

Sig. (2-tailed) .000 .007  .000 

EC 
Pearson Correlation 20 20 20 20 

Sig. (2-tailed) .535
*
 .930

**
 -.798

**
 1 

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

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

 
c: Ballidu 

 

 K NO3 pH EC 

K 
Pearson Correlation 1 .242 .023 .376 

Sig. (2-tailed)  .304 .922 .103 

NO3 
Pearson Correlation .242 1 -.826

**
 .879

**
 

Sig. (2-tailed) .304  .000 .000 

pH 
Pearson Correlation .023 -.826

**
 1 -.758

**
 

Sig. (2-tailed) .922 .000  .000 

EC 
Pearson Correlation .376 .879

**
 -.758

**
 1 

Sig. (2-tailed) .103 .000 .000  

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

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

 
d: Whitby 

 

 K NO3 pH EC 

K 
Pearson Correlation 1 .377 .770

**
 .546

*
 

Sig. (2-tailed)  .101 .000 .013 

NO3 
Pearson Correlation .377 1 .004 .805

**
 

Sig. (2-tailed) .101  .985 .000 

pH 
Pearson Correlation .770

**
 .004 1 .453

*
 

Sig. (2-tailed) .000 .985  .045 

EC 
Pearson Correlation .546

*
 .805

**
 .453

*
 1 

Sig. (2-tailed) .013 .000 .045  

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

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

 

Based on the results which is presented in 

Figure 2 “last graph (Yellow)”, almost 20% 

of observation data which were used in 

modeling showed overestimate and 

underestimate trend. In fact, these results 

show almost a high variety range of used data 

for this research as already there were a 

couple of reports regarding to low accuracy 

of HYDRUS-1D for prediction light soil 

behavior. In accordance with the results of 

the present study, the efficiency of the 

HYDRUS-1D model in terms of simulating 

potassium transfer in the sandy soils was 

somewhat unsatisfactory under the high 

potassium application level. However, there 

are a few studies reporting that the HYDRUS 

model could successfully simulate potassium 

transfer in the soil. Shekhar et al. (2021) 
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evaluated the one-dimensional HYDRUS 

model to investigate the movement and 

transfer of potassium in rice fields. The two-

dimensional HYDRUS model was also 

evaluated with an acceptable potential to 

estimate potassium transfer in sugarcane 

cultivation (Grecco et al., 2019). Through 

another study conducted by Yang et al. 

(2016), field plot sandy loam (64% sand and 

6% clay) with ke parameter reflecting the 

effects of surface conditions and water-flow 

dynamics on transfer of soil solute was used 

to measuring reached potassium compared to 

simulated. The results showed the same 

results as current research in terms of steady 

state for K concentration after 15 minutes. 

The two-dimensional HYDRUS model was 

also evaluated with an acceptable potential to 

estimate potassium transfer in sugarcane 

cultivation (Grecco et al., 2019). Also, the 

study utilized both ground-station and 

satellite-based meteorological data. The model 

was found to be most suitable for the 0-30 cm 

soil layer. The results of a study carried-out 

by Formaglio et al. (2023) in Sao Paulo  

state, Brazil, reported that HYDRUS-1D 

successfully simulated leaching fluxes of 

potassium in, on Ferralsols fertilized with 

potassium, phosphorus, and lime. Greco et al. 

(2019) also reported that to simulate soil 

water content in a tropical soil, the two-

dimensional HYDRUS model showed a 

favorable capacity. While it had not shown 

any successful performance in terms of 

predict potassium movement in drip irrigated 

tropical soil cultivated with sugarcane. Nie et 

al. (2021) conducted a simulation study using 

the HYDRUS-2D model under fertilizer 

solution infiltration for clay loam and sandy 

loam soils. They stated that the horizontal 

distribution range of potassium increased by 

increasing water depth in irrigated furrows. 

 

Potassium interaction with soil properties 

(Key factors affecting K leaching) 

Soil texture impact on K leaching 

The texture of the soil has a major impact 

on K leaching (Jalali and Jalali, 2022). 

Potassium leaching from agricultural land 

occurs in a wide range of soil texture groups. 

Potassium leaching has received less 

attention compared to phosphorus and nitrate 

leaching in a wide range of soil textures. As a 

main concept, the application of K
+
 fertilizers 

to sandy and light texture soils with low clay 

substance and little buffer capacity, in which 

K
+ 

does not link with the soil features for 

more fixing, led to an increase to potassium 

in solution and then it can be leached easily 

(Kolahchi and Jalali, 2007) 

 
K leaching with and without K addition 

The results of the studies investigated the 

relationship between soil and plant potassium 

with calcification operations in acidic soils 

reported that lime application increased the 

average concentration of exchangeable 

potassium and increased its uptake by    

plants (wheat and corn) by 37 to 155% 

compared to the control (Han et al., 2019). 

The researchers attributed their results to     

an increase in exchangeable calcium, a 

decrease in exchangeable aluminum, and     

an improvement in plant potassium uptake 

affecting the exchange phase of calcium and 

magnesium. Generally, they concluded that 

the use of lime improved the potassium 

uptake by the plant and also increased soil 

potassium availability. Investigating the 

potential leaching of potassium in 14 arable 

soils in China, Dianjun et al. (2020) found 

that the highest levels of potassium leaching 

were related to the soils with less K-bearing 

minerals and lower pH. Doulgeris et al. 

(2023) reported that adding biochar to soil 

substantially increases the availability of 

potassium in a common agricultural field     

in Northern Greece. It is important to study 

the interaction of potassium with the 

physicochemical properties of soil and    

other ions, including nitrate. Vilela et al. 

(2018) in their research on potassium 

transport parameters leaching, presented K 

breakthrough curve in different PV in soil 

deformed small column including 180 g soil 

and as a result of KCl solutions assessments, 

reported a higher value for retardation factor 

in comparison with that was observed for the 

effluent reasoned by higher soil-solute 

interaction. They concluded that less 
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potassium adsorption by soil particles was 

done at the presence of other competitor 

cations in the effluent, reporting the fact that 

there was a greater groundwater pollutant 

potential for potassium when applied via 

effluent compared to the application of 

solutions of potassium chloride with the same 

ion concentrations. This may be very crucial 

when soil texture is lighter, especially in 

sandy soils.  

The results of several studies have shown 

that the optimal use of fertilizers and soil 

conditioners such as liming of acidic soils, 

improve the uptake of cations and anions and 

increase the CEC of soils (Haynes, 2019; 

Motesharezadeh et al., 2021). Also, in the 

absence of roots and the occurrence of 

phenomena such as floods and heavy rains or 

heavy irrigation, there will be the possibility 

of nutrients leaching to out of reach of the 

plant and soil/groundwater contamination 

with potassium and nitrate (Singh and 

Crawell, 2021). Nonetheless, knowing the 

amount of potassium and nitrate leaching, 

which causes environmental pollution, is 

economically to the detriment of the farmer. 

Soils are enriched with potassium (K) in 

areas with intensive agriculture and/or Sandy 

texture, increasing the risk of K being 

transferred to below the rhizosphere of soil 

profile through leaching. It is noteworthy that 

limitation in knowledge of soil and solute 

parameters is considered as an inability of 

HYDRUS-1D to accurate estimation of 

potassium concentrations, not as a limitation 

of the model in question. In fact, the accuracy 

of the model in sandy soils is highly 

controversial. In one hand prediction of K 

leaching was accurate in some studied sandy 

soils with high Pearson correlation, on the 

other hand this behavior was very weak. The 

HYDRUS model needs to be more assessed 

for simulating potassium transport in the soil 

under different soil and field conditions, 

especially in light soil textural limitation. 

 

CONCLUSIONS 

 

This study investigated potassium 

leaching in four types of sandy soils from 

Western Australia under varying potassium 

applications using small-scale column 

experiments and HYDRUS-1D modeling. 

The results showed that soil properties such 

as pH, clay content, and cation exchange 

capacity significantly influenced potassium 

leaching rates. Lime application delayed 

potassium leaching, demonstrating the 

importance of soil amendments in managing 

nutrient losses. The HYDRUS-1D model 

effectively simulated potassium leaching in 

control treatments but showed limitations at 

higher potassium levels, where it tended to 

overestimate leaching. These findings 

highlight the need for further calibration      

of the HYDRUS-1D model, particularly for 

top-dressing potassium applications. This 

study provides valuable insights into nutrient 

management for sandy soils, emphasizing  

the need for tailored fertilization and soil 

conditioning practices to minimize potassium 

loss and mitigate environmental impacts.  
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