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SUMMARY 

Topsoil is the richest part in terms of the amount of organic matter and 
nutrients. Therefore, its lost is more harmful compared to the subsoil. During the 
erosion process, soil nutrients are either lost as dissolved or absorbed to the soil 
particles. The present study was aimed to investigate the effects of rainfall 
intensity and slope gradient on infiltration, runoff, soil and nutrients (N, P, K) 
loss in rainfed lands of Pishkamar region, NE of Iran. To achieve the study 
purposes, four rainfall intensities of 33, 64, 80 and 110 mm h-1 were simulated 
using Kamphorst rainfall simulator in three slope gradients of 6, 12 and 25%. 
Two slope aspects of north and south were also considered for the slope gradient 
of 25%. 

The results showed that the effects of rainfall intensity and slope gradient 
on infiltration and runoff were significant, while the effect of slope aspect (north 
and south) was not. Taking into account the linear trend, the plot hydrological 
response threshold of sediment concentration was about 50 mm h-1 of rainfall 
intensity and 9% of slope. In the case of total soil loss, however, higher 
thresholds were obtained for rainfall intensities (about 72 mm h-1) and slope 
gradients (about 18%). The effect of rainfall intensity and slope gradient on soil 
loss were significant individually, but no interaction was observed among study 
factors. The results of nutrient losses showed considerable loss for Potassium in 
the runoff and Phosphorus and Potassium in the sediment. 

Keywords: Average infiltration rate, Average runoff coefficient, Soil and 
sediment granulometry, Soil erosion, Soil fertility 

 
INTRODUCTION 

Soil erosion is one of the environmental treats to the ecosystem that leads 
to soil and water quality degradation and washes away the fertile topsoil and 
reduces agricultural production (Chalise et al., 2019). The natural and accelerated 
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soil erosion is one of the major hydrological hazards in Iran (Sadeghi et al., 
2013). Soil erosion depends on many parameters such as soil and topographic 
condition (e.g. antecedent soil moisture content, slope gradient and aspect) and 
rainfall characteristics (e.g. rainfall intensity and duration) (Arnaez, 2007; 
Assouline and Ben-Hur, 2006; El Kateb, 2013; Huang 2013). Study the factors 
that affect soil erosion is essential for soil and water conservation planning 
(Khaledi Darvishan et al., 2017; Spalevic et al., 2015, 2017a, 2017b). Many 
researches have been investigated the different aspects of soil erosion and some 
of them have been conducted to study the effect of rainfall intensity and/or slope 
gradient in different land uses on soil erosion. Some studies have been also 
investigated the effects of surface seal induced variations on infiltration, runoff 
and erosion processes (Bradford et al., 1987; Mualem et al., 1993; Foley and 
Silburn 2002; Assouline, 2004; Liu, 2015; Khaledi Darvishan et al, 2015). 

Few studies have been investigated soil erosion in different rainfall 
intensity and slope gradients in rainfed lands. Rainfed lands accounts for about 
82% of the world's total cropland (FAOSTAT 2005). Rainfed lands usually carry 
out in semiarid condition which no irrigation water is available. The area of 
rainfed lands in Iran is about 10 million hectares (Siadat 1998) located in the 
areas which its ecosystem is very sensitive to weather uncertainties and climate 
change. Vegetation cover change leads to the changes of hydrologic response, 
soil erosion and sediment dynamics characteristics (Kavian et al., 2018; Nikolic 
et al., 2018). The effect of vegetation cover change is more important in semi-
arid regions because of the sensitivity of vegetation cover and relative higher 
intensity and shorter duration of rainfalls in these areas. 

One of the main consequences of soil erosion is the loss of soil fertility and 
the depletion of nutrients such as Nitrogen, Phosphorus and Potassium 
(Kauffman et al., 1993; Miller, 1995). These three elements are the most 
important elements of plant nutrition (Hanson, 1967). 

The topsoil usually contains more organic matter, which improves 
infiltration and increases water holding capacity (Pimental et al., 2004). It is the 
first part of soil that exposed to erosion. The most effective factors in soil 
permeability are organic materials that play an important role in soil water 
retaining and soil permeability. Splash erosion which depends on rain drop size 
distribution and velocity, is an important process (Khaledi Darvishan et al., 2014) 
and can significantly affect the soil surface. In general, the most sensitive time to 
erosion in arable land is the periods in which the plant does not exist and when 
the rainfalls are erosive (Walter and Dwight, 1978). Therefore, the rainfed lands 
in the plowing stage before cultivating until the plant is still insufficient to protect 
soil surface (spring and summer) are in the most sensitive condition. The rainfalls 
in these two seasons have also high intensity and short duration, so that the 
highest amount of soil and nutrient loss can occur.  

Many of previous studies have been carried out to determine the effects of 
slope gradient and rainfall intensity on hydrological response variables such as 
infiltration and runoff (Peoson 1984, Romkens et al 2002, Grander and Gerard 
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2003, Marquez et al 2005, Sadeghi et al 2013, Huang et. al, 2013, El Kateb et. al, 
2013, Khaledi Darvishan 2015, Liu et al 2015) and sediment concentration and 
soil loss (Fox and Brayan 1999, Poulenard et. al 2001, Grander and Gerard 2003, 
Assouline et.al 2006, Arnaez et. al 2007, Romkens et. al 2002, Elkateb et. al 
2013, Zhao et.al 2015, Liu et. al 2015). The results of previous studies generally 
showed that infiltration and runoff were significantly affected by slopes and 
rainfall intensities. Because of the importance of rainfed lands especially in the 
northeast of Iran, despite the results of previous researches, it is still very 
important to quantify the effects of slope gradient and rainfall intensity on 
hydrological response as well as soil nutrient loss in these lands. 

In rainfed lands located in Golestan province, heavy rains usually occur in 
summer with consequent high flood events. Therefore, it’s very important to 
study soil erosion and its parameters in rainfed lands of Iran. The present study 
has been conducted to know the individual and interaction effects of rainfall 
intensity and slope gradient on soil and nutrient losses in rainfed lands in 
northeast of Iran. 

The results of the present study can be used to distinguish the critical of 
slope gradient and rainfall intensity in case of their effects on hydrological 
response in rainfed lands. 
  

MATERIALS AND METHODS 
Study area 
The field experiments were conducted using a small simulator 

(Kamphorst, 1978) in Pishkamar (37º 31´ N- 55º 35´ E) which is located in 
Golestan province, NE Iran (Figure 1). Pishkamar has an average elevation 
around 1000 m above sea level with mean annual precipitation of 592.8 mm with 
maximum and minimum monthly amounts in January (80.5 mm) and July (28.4 
mm), respectively. The maximum and minimum seasonal precipitation is 
commonly occurring in winter and summer, respectively. The major soil of 
Pishkamar is silty-loam (26% Clay, 66% silt and 8% sand) with 44% porosity. 
Most of the slopes are in the range between 6 and 25% gradient. The major land 
uses in the study area are rangeland, forest, rainfed and irrigated lands. 

Layout of experiments  
The studied soil covered by erosion control blanket to protect soil from 

direct hitting of rain drops and splash erosion occurring and sprinkled 5 liter of 
water for each 0.5×0.5 m using a handy sprinkler to soaking soil until 5 cm depth 
after 24 h, in order to achieve the same antecedent soil moisture content equal to 
field capacity in all the study plots. Three slope gradients of 6, 12 and 25% and 
four rainfall intensities of 30, 60, 80 and 120 mm h-1 were applied. The rainfall 
duration was 15 min for all experiments because of limited volume of water 
reservoir of rainfall simulator. In the present study the Intensity-Duration-
Frequency curves of the nearest synoptic weather station of Kalaleh (shown in 
Figure 1 as a red triangle) were used to determine the relationship between rainfall 
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intensity, duration and return period in the study area. In this regard the return 
period of 15-20 years for the given rainfall intensities was considered. 

 
Figure 1. Location and general landscape of the study area 

 
The selected duration of 15 min was corresponding with the high rainfall 

intensities, so that it considered for all given intensities of 30, 60, 80 and 120 mm 
h-1. The Sprinkling on jute bags to achieve antecedent soil moisture content equal 
to field capacity and a Kamphorst rainfall simulator and clinometer are shown in 
Figure 2. 

Data collection and analysis 
During rainfall simulation in each treatment, runoff samples were collected 

in special bottles for immediately transport to laboratory to avoid preventing 
bacteria's effects on soil nutrients (carter, 1993). Measurable runoff was recorded 
for each experiment and then the infiltration rate was calculated as the difference 
between the amount of rainfall on the plot area and the runoff output at the same 
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time. The sediment concentration was measured using decantation procedure, 
oven dried at 105°C for 24 h (Khaledi Darvishan el al., 2016) (Figure 2). 

 
B 

 
A 

 
D 

 
C 

Figure 2. Find intended slope with clinometer (A) Sprinkling on jute bags to 
achieve antecedent soil moisture content equal to field capacity (B), rainfall 

simulation and collecting runoff (C and D) 
 

In the end of measuring samples sent to the laboratory and other variables 
such as soil nutrients in original soil, sediment samples and runoff samples were 
measured. The methods that used for measuring Nitrogen, Phosphorus and 
potassium in laboratory were Kjeldahl, Olsen and Photometry respectively 
(Bremner, 1960; Watanabe and Olsen, 1965; Reitman and Frankel, 1957). As 
runoff and sediment were not enough to determine soil nutrients in some 
samples, samples were mixed together. 
 

Statistical analysis 
The experimental design of spilt plots and factorial experiments with four 

slope gradient-aspect conditions (6%-north, 12%-north, 25%-north and 25%-
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south) and four rainfall intensities (33, 64, 80 and 110 mm h-1) were performed as 
statistical tests. The normality test was done for all variables of infiltration, 
runoff and soil and nutrient loss. The un-normal variables were transformed to 
logarithmic form to achieve normality distribution, because parametric tests on 
normal data seems to be more powerful to detect the differences than the 
nonparametric tests on non-normal data (Townend, 2002). The analysis of 
variance (ANOVA) with considering the split plots design (Bihamta and Zare 
Chahouki, 2011) was performed to describe the individual and interaction effects 
of rainfall intensity and slope gradient on the study variables including 
infiltration, runoff, soil and nutrient loss. The statistical analysis was performed 
using SPSS 21 software. 
 

RESULTS AND DISCUSSION 
Study soils 
The results of physical and chemical characteristics of soil samples have 

been shown in Table 1. 
 

Table 1 Physical & Chemical properties of the studied soil and Amount of 
organic matter and bulk density in various studied slopes  

Physical 
properties Unit Amount Chemical properties Unit Amount 

Bulk density g cm-3 1.50 pH --- 8.54 
Density g cm-3 2.68 EC ds.m-1 1.38 
Porosity % 44 CaSO4 Percent 0.005 

Clay % 26 SAR 0.48 ــــ 
Silt % 66 Lime Percent 30.97 

Sand % 8 Carbonate 

Meq.l-1 

00 
Soil texture --- silty-loam Bicarbonate 5 

Soil sample Bulk density (g cm-3) Organic 
matter (%) 

Chlorine 4.5 
Sulfate 7.7 

Slope 6%-North 1.454 1.017 Calcium solution 10.0 
Slope 12%-North 1.239 1.059 Magnesium solution 5.2 
Slope 25%-North 1.369 1.073 Sodium solution 1.9 
Slope 25%-South 1.391 0.975 Potassium solution 0.15 

 
Because of the more importance and variability of organic matter (OM %) 

in various slope gradient and aspects, the soil was sampled in each studied slope 
separately and then the OM were measured and shown in Table 3. 
 

Infiltration and runoff 
The results of statistical analysis to investigate the individual and 

interaction effects of rainfall intensity and slope gradient on infiltration and 
runoff variables are shown in Figures 3 and 4 and Table 2. As shown in Figure 3, 
in rainfall intensity of 33 mm h-1 the rainfall has not intense enough to generate 
measurable runoff in all studied slopes. The effects of slope gradient and rainfall 
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intensity on mean infiltration coefficient and mean runoff coefficient were 
significant (P≤0.01). The interaction effect of slope gradient and rainfall intensity 
on mean infiltration coefficient and mean runoff coefficient were also significant 
in P≤0.01 and P≤0.05, respectively (Table 2). 
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Figure 3. Effect of rainfall intensity and slope gradient on runoff coefficient 
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Figure 4. Effect of rainfall intensity and slope gradient on mean infiltration rate 

 
After realizing that the effect of rainfall intensity and slope gradient on 

mean infiltration coefficient rate and runoff coefficient is significant, 
Determination of significant differences between studied rainfall intensities and 
slope gradients using post hoc analysis (Duncan test) was carried out (Table 3).  

The purpose of using post hoc analysis was to determine significant 
changes between the levels of treatments (slope gradient and rainfall intensity) 
which leads to understand the turning points in hydrological response in the study 
conditions. 
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Table 2. The results of the effects of slope gradient and rainfall intensity on 
infiltration and runoff variables 

Sig. F Mean 
Square df Type III Sum of 

Squares Source Dependent Variable 

0.002 7.237 0.089 2 0.178 Slope 
Infiltration rate 

(%) 
0.000 53.435 0.658 3 1.974 Rainfall intensity 

0.033 2.615 0.032 6 0.193 Slope × Rainfall 
intensity 

0.002 7.174 19.749 2 39.497 Slope 
Depth of runoff 

(mm) 
0.000 152.866 420.802 3 1262.405 Rainfall intensity 

0.034 2.597 7.184 6 42.891 Slope × Rainfall 
intensity 

0.000 11.183 0.541 2 1.082 Slope Mean runoff 
coefficient 

(%) 

0.000 16.432 0.795 3 2.358 Rainfall intensity 

0.000 15.951 0.772 6 4.631 Slope × Rainfall 
intensity 

0.000 6.844 78.664 2 157.327 Slope 
Soil loss 
(kg.h-1) 

0.000 18.721 215.170 3 645.511 Rainfall intensity 

0.083 2.056 23.625 6 141.750 Slope × Rainfall 
intensity 

0.006 5.828 112.871 2 225.742 Slope Sediment 
concentration 

(g.l-1 ) 

0.000 15.416 298.576 3 895.727 Rainfall intensity 

0.316 1.226 23.744 6 142.466 Slope × Rainfall 
intensity 

 
As shows in Table 3, mainly two groups have been created, slope gradient 

6 and 12% located in one individual group and 25% separated in another group. 
In case of rainfall intensity, 33 and 64 mm h-1 were in one group, while 80 and 
110 mm h-1 were in another group. It means that there are significant changes in 
hydrological response between slope gradients of 12 and 25% as well as between 
rainfall intensities of 64 and 80 mm h-1. Therefore, it can be concluded that the 
critical slope gradient and rainfall intensity are located somewhere between 12-
25% and 64-80 mm h-1, respectively. 

These results show that mean infiltration rate intensity of 64 and 100 have 
not significant difference and they located in one subset and we have three 
subsets. So we have significant difference between 33, 80 and 64_110 mm h-1 
intensities. 

The results showed that as rainfall intensity and slope gradient increased, 
the mean infiltration rate and mean runoff coefficient were also significantly 
increased (p≤0.01). 

The results of post hoc analysis for rainfall intensity and slope gradient 
using Duncan test showed that, in case of the effects of rainfall intensity and 
slope gradient on infiltration and runoff, two turning points are distinguishable in 
studied conditions; one between rainfall intensities of 64 and 80 mm h-1 and 
another between slope gradient of 12 and 25%. In other words, at the rainfall 
intensity more than about 70 mm h-1 and at the slope gradient more than about 
18%, the runoff and infiltration were significantly decreased and increased, 
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respectively. This results emphasized on land use management via avoiding 
change from rangelands to rainfed lands especially when the slope is more than 
18%. 

 
Table 3. Determination of significant differences between studied rainfall 

intensities and slope gradients using post hoc analysis (Duncan test) 
                        Subsets 
Source Subset 1 Subset 2 Subset 3 

Rainfall intensity 
(mm h-1) 

Mean infiltration rate (%) 
33 80 64, 100 

Runoff (mm) 
33, 64 80 110 

Mean runoff coefficient (%) 
33, 64 80, 110 - 

Sediment concentration (g l-1) 
33  64, 80, 110 - 

Soil loss (kg h-1) 
33, 64 80, 110 - 

Slope 
(%) 

Mean infiltration rate (%) 
25 6, 12 - 

Runoff (mm) 
6, 12 25 - 

Mean runoff coefficient (%) 
12, 25 6 - 

Sediment concentration (g l-1) 
6 12, 25 - 

Soil loss (kg h-1) 
6, 12 25 - 

 
Sediment concentration and soil loss 
Sediment concentration and soil loss were affected by both slope gradient 

and rainfall intensity as well as by their interactions. The results indicated that 
sediment concentration increased with increasing rainfall intensity in all slope 
gradients. The effect of rainfall intensity and slope gradient on sediment 
concentration and soil loss was significant. The results of subgrouping with 
Duncan test showed that between the rainfall intensities of 33-64 mm h-1 and 
between the slope gradients of 6-12%, the sediment concentration was 
significantly changed. In case of soil loss, the significant change was happened 
between the rainfall intensities of 64-80 mm h-1 and the slope gradients of 12-
25%, respectively. In other words, with assuming a linear relationship changes, at 
a given plot scale the critical condition in sediment concentration (detach and 
arrival to transport agent) was the rainfall intensity of around 50 mm h-1 and 
slope gradient of around 9% but for soil loss (soil transport), it was around 72 
mm h-1 and 18%, respectively. 
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Soil nutrients (NPK) 
The results of soil nutrients including Nitrogen, Phosphorus and Potassium 

in two slope gradients of 6 and 25 % are shown in Table 4. The differences 
between soil nutrients N, P and K in two extreme slope gradients (6 and 25%) are 
not considerable, it means that there is no need to sample and measure soil 
nutrients in slope gradient of 12%. 

Since there were no considerable differences between N, P and K in two 
extreme studied slope gradients of 6%-North and 25%-North, it can simply 
reveal that the effect of slope gradient in the given range in the study area on N, P 
and K is ignorable. But in case of the effect of slope aspect on studied variables, 
the soil sampling in the slope gradient of 25%-South was also done and nutrients 
were measured and compared with those in the slope gradient of 25%-North and 
the results are shown in Table 4. 

 
Table 4. Comparison between the results of soil nutrients and organic matter in 

two slope gradients of 6%-North and 25%-North and 25%-South 
Organic matter and soil nutrient of slope 25%-

North 
Organic matter and soil nutrient of slope 6%-

North 

Nitrogen 
(%) 

Potassium 
(ppm) 

Phosphorus 
(ppm) 

Organic 
matter (%) Nitrogen % Potassium 

(ppm) 
Phosphorus 

(ppm) 
Organic 

matter (%) 

0.10 297.20 2.36 1.073 

0.10 265.40 2.56 1.017 
Organic matter and soil nutrient of slope 25%-

South 

Nitrogen % Potassium 
(ppm) 

Phosphorus 
(ppm) 

Organic 
matter (%) 

0.13 233.5 6.35 0.953 
 

The results presented in Table 5 indicated that Nitrate, Ammonium and 
Phosphorus contents of runoff in the experiments under rainfall intensity of 80 
mm h-1 in the slope gradient of 12% in North aspect had the significant difference 
with those under rainfall intensity of 110 mm h-1 in the slope gradient of 25% in 
South aspect, while in case of Potassium the differences were not significant. 
These results were in agreement with previous studies such as Alberts (1981). 

Because of non-significant changes in N, A and P in the runoff of the given 
extreme experiments (lowest slope gradient and rainfall intensity against highest 
ones-Table 4), the measurements were not carried out for other samples, so that 
only the results of 12%-North and 25%-South slopes are presented in Tables 5 
and 6. 

 
Table 5. Comparison between the results of nutrients and organic matter in the 
runoff of the plots located in two slope gradients of 12%-North and 25%-South 

Slope 
Rainfall 
intensity 
(mm h-1) 

Rainfall 
depth 
(mm) 

Concentration of nutrients in runoff 

Nitrate Ammonium 
ions 

Phosphorus 
ions 

Potassium 
ions 

12%-North 80 20 0.89 0.14 0.13 4.56 
25%-South 110 27.5 0.00 0.36 0.02 2.63 
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Table 6. Comparison between the results of nutrients and organic matter in the 
soils and sediments in the plots located in two slope gradients of 12%-North and 

25%-South 
Sl
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80 20 0.1 206.1 3.59 1.059 0.07 344.7 12.47 0.975 

25
%

  S
ou

th
 

110 27.5 0.1 155.4 2.42 0.975 0.13 233.5 6.35 0.953 

 
The comparison between the results of nutrients and organic matter in the 

soils and sediments in the plots located in two slope gradients of 12%-North and 
25%-South have been shown in Table 6. 

Although as shows in Table 6, the differences between Nitrogen and also 
organic matter in the soil (before experiment) and the sediment at the plot outlet 
was not considerable, in higher slope (25%) the amount of Nitrogen in sediment 
was more than soil, while the amount of organic matter in sediment samples was 
lower than the original soil in both 12% and 25% slopes. 

Since the amount of organic matter is highly related with the amount of 
organic Carbon in the soil, the results showed that Nitrogen is carried out with 
sediment a little bit more than Carbon. It can be one of the main sources of 
increasing C/N ratio in rainfed lands and one of the main reasons for burning 
straws after harvest by the local farmers. The results also indicated that the 
amount of Phosphorus and Potassium in original soil were clearly lower than 
those in sediment samples. 
 

CONCLUSION 
The main objective of the present study was to investigate the individual 

and interaction effects of slope and rainfall intensity on infiltration, runoff, soil 
and nutrient loss in rainfed lands in Golestan Province, northeast of Iran. 
According to the results: 
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•The individual effects of slope gradient and rainfall intensity on infiltration and 
runoff were significant. 

•The interaction of the slope gradient and rainfall intensity on infiltration and 
runoff was significant. 

•The individual effect of rainfall intensity and its interaction with the rainfall 
intensity on sediment concentration were significant. 

•The effect of slope and rainfall intensity on soil loss was significant 
individually, but their interaction on soil loss was not significant. 

•The amounts of OM in original soil of the studied slopes was more than the 
sediment in all studied slope gradients. 

•The amounts of N in original soil of the studied slopes was less than the 
sediment in higher slope gradient. 

•The amount of Phosphorus and Potassium in original soil were clearly lower 
than those in sediment samples. 
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