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Abstract

Soil erosion is a global challenge, seriously threatening soil and water resources and
environmental qualities. One of the important factors to consider in the process of runoff
generation and soil erosion is the physical and chemical properties of soils under different
land-uses. The aim of this study is to estimate soil erosion and runoff in rangeland, rain-fed
and abandoned rain-fed agriculture in Karafs Watershed (Sarduyeh) in Jiroft County using
rainfall simulation. The experiment was conducted in 2012 and three land-uses with
uniform soil and lithology were considered. Simulated rainfalls were 46 and 88 mm.hr™* of
intensity with 3 iterations, which totaled 36 samples. Soil samples were taken close to the
locations of rainfall simulation from the top 0-20 cm and transferred to the laboratory for
further analysis. The results showed a significant effect of land-use on runoff and erosion in
different rainfall intensities, so that the highest runoff was generated in the abandoned rain-
fed agriculture at the intensity of 88 mm.hr™, with the least being generated in the rain-fed
agriculture at the intensity of 46 mm.hr™. Likewise, we found that land-use changes had a
large impact on soil erosion, with the highest levels at the abandoned rain-fed agriculture
which resulted in the increased runoff generation. This factor could be explained by the
increased clay, silt, and lime content at the expense of the removal of sand from these areas.
Increasing rainfall intensity to 88 mm.hr™ led to respectively 14% and 47% higher runoff
volumes and sediment loads compared to the initial intensity.
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Introduction

Soil is one of the most important natural
resources and the basis of plant production.
Soil erosion is regarded as a major
environmental ~ challenge, and  when
occurred, it can deteriorate natural
resources and increase the likelihood of
flood occurrence (Martz, 1992). A number
of factors bear upon soil erosion and runoff
generation, and based on the general
characteristics of a given area, some factors
are comparatively more dominant. The role
of land-use change is of especial interest for
its impacts on vegetation and soil properties
as well as the amount of runoff and soil
erosion (Pei, 2007). In this regard, soil
properties play a major role in the
occurrence of runoff and soil erosion. Since
the inappropriate  land-use  changes,
particularly natural ecosystems, exert
significant influences on physical, chemical
and biological soil properties and hence
affect runoff and soil erosion, it is worth
investigating the relationship between these
factors in a more accurate manner.
Nowadays,  population  growth  and
increasing demand for agricultural products
have led to the degradation of natural
ground cover, particularly in the form of
converting forests and rangelands into
agricultural land with an alarming speed
(Izquierdo, 2009).

Various methods exist for calculating
the amount of runoff and soil erosion, with
artificial rain simulators as a common
technique. In theory, the application of rain
simulators not only saves time and money,
but provides the capacity for the evaluation
of runoff and erosion processes in a
guantitative  manner  with  numerous
iterations (Sheridan et al., 2008). However
it should be noted that the use of rain
simulators is not exempt from limitations.
These devices function in deviation in some
ways from natural condition (Jordan et al.,
2008) and face limitations when simulating
rain showers at smaller plots (Sheridan et
al., 2008).

Several studies have been carried out to
investigate the role of land-use in erosion
processes. Foltz et al. (2009) used a rain
simulator to determine runoff, infiltration,
and erosion on two forest roads with low

and high traffic in North America. Their
results showed that the amount of runoff
and sediment on forest roads with high
traffic is due to the loss of vegetation and
changes in soil physical properties. Celik
(2005) in the study of the impacts of three
land-uses of forest, rangeland and
agriculture on organic matter content and
soil physical properties inthe Mediterranean
highlands in the south of Turkey, found that
erosion in the agricultural areas were as
high as twice the rangeland condition. Sing
& Khera (2008) found that barren lands,
agriculture, rangeland and forest had the
highest erosion rate in their study location
in the order of priority. Mellese & Defersha
(2012) in an in-vitro research project in
Ethiopia evaluated the effect of rainfall
intensity, slope, soil types and moisture on
sediment concentration. Their tests included
rainfall intensities of 120, 70 and 55 mm.hr-
1.

Three slope gradients of 9, 25, and 45 %
over three soil types, ranging in texture
from clay to sandy loam and in moisture
from wet to dry, were selected in the
Alamaya basin in Ethiopia. Results showed
that the amount of sediment production is
significantly — associated with previous
moisture content. Soil moisture reduced
sediment production in soil samples A, B
and C by 23, 45.7 and 1.3% respectively.
The initial moisture content, slope and
rainfall intensity influenced erosion, with
moisture content attenuating  sediment
production. Nourmohamadi et al.. (2013)
evaluated sediment production from gully
erosion using rainfall simulation in Zagros
forests. Their results showed that maximum
and average rainfall intensity play the most
important role in the soil erosion. Sheikh et
al. (2016) evaluated the effect of the land-
use, slope gradient and aspect on soil loss
using the BSTF rainfall simulator. Based
on their findings, agricultural fields
generated the highest runoff and sediment
under simulated rainfalls. Rangeland and
forest did not have significant difference in
terms of runoff generation and sediment
concentration. Mohamadi, (2016) examined
the relationship between the environmental
factors with runoff and infiltration using a
rainfall simulator in the rangelands of North
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West Iran. The results showed that 77% of
the runoff coefficient could be explained by
factors such as soil moisture, canopy cover,
soil organic carbon levels, clay content, and
nitrogen. Factors such as clay content, soil
organic carbon and soil gypsum produced
82% of variance in runoff generation while
altitude, slope, soil organic carbon and silt
explained 60% variations in infiltration
depths. Elsewhere, Sheikh et al. (2017)
evaluated the effect of land-use, slope
gradient and aspect on soil’s major nutrient
loss in Kechick area, Golestan Province
using a rainfall simulator. Their results
showed significant effects of land-use and
slope on the loss of the major soil nutrients.
This study is an attempt to evaluate erosion
and runoff generation in three land-uses of
rangeland, rain-fed and abandoned rain-fed

agriculture in the Karafs Watershed
(Sarduyeh), Jiroft County, Iran, along with
the quantitative demonstration of the role of
different soils in shaping these processes.

Materials and Methods
Study Area
The Karafs Watershed lies between

57°9'46" to 57°11'10" E, and 291128" 1o

29°18'52" N with a total area of 3634.6 ha.
The study area is 12 Km away from
Sarduyeh which is located in Jiroft County.
The elevation reaches 3270 m at the rim,
down to 2990 m at the outlet. Major
settlements of the area are Karafs, Khardan,
Qanat Bid, and Nahr Kamal. The sketch of
the study area is provided in Figure 1,
relative to Iran and Kerman boundaries.
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Figure 1. Location of the study area
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Rain Simulator Specifications

A rainfall simulator with the total plot area
of 0.09 m? (30 x 30 m) was used. This
device includes a graded cylinder and a
rectangular cube which are manually filled
prior to the tests. The rain simulator has
four height-adjustable bases to modify the
height of water drop release. Rainfall
intensity is measured by the submerged
aeration tube and its cap. The produced
mixture of runoff and sediment is diverted
via a metallic frame to the containers. The
rainfall simulator is adaptable for the
standard characterization of soil erosion and
water infiltration and it has the capacity to
be used in soil conservation research to

determine the erosion of surface sediments
in desert conditions.

Sampling Technique and Laboratory
Analysis

Rainfall intensities of 46 and 88 mm.hr?
were considered. According to the research
objectives, the role of land-uses on erosion
and runoff production must be exclusively
examined by maintaining other variables
unchanged. Thus, we attempted to keep the
condition of sampling locations in
rangeland, rain-fed and abandoned rain-fed
agriculture as close as possible to each
other (Figure 2).

Rain-fed Agriculture wm

Abandoned rain-fed s m—S

Rangeland

Figure 2. Different land-uses in the study area with identical climatic and lithological characteristics

After the proper installation of the
device in the desired locations according to
the slope gradient, and the adjustment of
the device’s bases, rain simulation tests
were performed. The samples were then
transferred to the lab and passed through
the Whatman Filter Papers No 40, three
times to separate the sediment from the
runoff. The collected sediments were dried
in the oven for 24 h at 105°C, and then
weighed. Sediment weights and runoff
volumes were averaged for different land-
uses and rainfall intensities. As mentioned

earlier, to examine the effect of land-uses
on soil properties, soil samples were taken
from the top 0-20 cm, adjacent to sampling
locations, and then analyzed in the lab. Data
normality was primarily tested in SPSS 17
according to the Shapiro Kolmogorov-
Anderson and Kramer tests, and group
mean comparison was performed in SAS
using the Duncan’s test at the 5% level of
confidence. Figure 3 shows the proper
installation of the rain simulator in three
land-uses of rangeland, rain-fed and
abandoned rain-fed agriculture.
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Figure 3. Proper installation of the rain simulator in rangeland, rain-fed and abandoned rain-fed land-uses

Results

The results of the analysis of the soil
properties including sediment weight, clay,
silt, sand content, organic matter, calcium
carbonate, erosivity, EC, pH, SAR, ESP

and K as well as the runoff volume are
provided in Tables 1 to 4 and Figures 4 and
5. Level of significance was determined
based on the results of the analysis of
variance.

Table 1. The results of group mean comparisons in different land-uses

Runoff  Sediment

EC
(ds/m)

Erosivity

H ESP AR CaCOs OM
P ; @)

Land-uses Cla Silt Sand
0} @) Y
Rain-fed 682.50c 1.18¢c 3.91c 28.83c 70.25a
Abandoned
rain-fed 1255.83a 4.69a 9.00a 529la 38.08c

Rangeland ~ 932.08b 2.38b 6.25b 42.33b 51.41b

18a 72c 1.0a 15a 1746a 0.23b 0.14c
0.8b 75b 1.43b 11b 16.8la 0.077c 0.47a
0.8c 75a 052c 10c 273b  052a 0.27b

Table 2. Correlation matrix of runoff volume in different land-uses and rain intensities

Land-use Rain intensity
Variable Rain-fed  Abandoned rain-fed  Rangeland 46 mm.hr 88 mm.hr
Clay content -0.25 -0.11 0.29 0.87* 090*
Silt content 0.34 -0.14 0.003 0.97** 0.86*
Sand content -0.31 0.14 -0.07 -0.98** -0.87*
EC(ds/m) -0.63 0.60 0.78 -0.78 0.60
Runoff pH 0.004 0.07 0.71 0.71 0.53
ESP 0.62 0.18 0.55 -026 0.06
SAR 0.82 0.45 0.13 -0.29 0.07
Calcium Carbonate -0.91 0.26 -0.55 -0.17 0.16
Organic Matter -0.61 0.07 0.18 -0.46 -0.38
Erosivity 0.88 0.88 0.96" 0.96** 0.99**

Table 3. Correlation matrix of sediment production in different land-uses and rain intensities

Land-use Rain intensity
variable Rain-fed Alr):irrlg]%r:jed Rangeland 46 mm.hr 88 mm.hr
Clay content -0.014 -0.58 0.52 0.93** 0.89*
Silt content -0.07 -0.29 -0.39 0.95** 0.89*
Sand content 0.07 0.33 0.34 -0.97** -0.89*
EC(ds/m) -0.50 0.57 0.46 -0.78 -0.55
Sediment pH -0.22 -0.39 0.57 0.67 0.45
ESP 0.37 0.46 0.39 -0.21 0.17
SAR 0.56 0.79 -0.27 -0.29 0.20
Calcium
Carbonate -0.65 0.67 -0.74 -0.13 0.28
Organic Matter -0.44 -0.39 0.34 0.52 -0.51
Erosivity 0.99** 0.57 0.97* 0.93** 0.94**

*significant at 5%, ** significant at 1%
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Figure 4. The mutual effect of rain intensity and runoff production in different land-uses at 1% level
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Figure 5. The mutual effect of rain intensity and sediment production in different land-uses at 1% level
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Discussion

Runoff Production

Runoff and sediment production potential
of three land-uses including rangeland,
rain-fed and abandoned rain-fed agriculture
were compared at two intensities of 46 and
88 mm.hr. Given the results in Table 1,
the abandoned rain-fed agriculture had
comparatively higher runoff volume, soil
erosivity and silt, clay and calcium
carbonate content. Rangelands had higher
soil organic matter and pH and hence less
runoff volume, which is in agreement with
the findings of Dongsheng et al. (2006)
stating the positive correlation between pH
and soil erosivity. In another study by
Angers et al. (1993), soil structure
degradation, following the collision of rain
drops which clogs soil pores and thus
reduces infiltration rates, was introduced as
the major cause of runoff augmentation.
Traditional agricultural methods produces
fine grain soil structure by breaking the soil
aggregates into smaller particles which are
susceptible to water erosion. In this study,
the abandoned rain-feds had the highest
runoff volume among the three land-uses.
Given that the rain-fed agriculture had the
highest sand content, ESP, SAR, EC and
calcium carbonate, a significant reduction
in runoff volume was observed. It was also
seen that rain intensity has significant effect
on runoff volume (Table 2). Likewise,
according to Figure 4 and the mutual
relationship between rainfall intensity and
land-use changes, the largest runoff volume
was observed for the 88 mm.hr™ intensity
in the abandoned rain-fed agriculture. This
is attributable to the high calcium
carbonate, clay and silt content along with
high soil erosivity (Table 1). A rationally
less runoff volume is expected in the rain-
fed agriculture (Molina et al., 2007), since
higher sand content results in augmented
infiltration rate and less runoff production
(Zhang et al., 2010). One reason for higher
runoff volume in the abandoned rain-fed
agriculture is lower soil organic matter.
Organic matter improves soil moisture
holding capacity, porosity and infiltration
(Jordan et al., 2008). Recall from Table 6
that runoff volume has a positive significant
relationship with soil clay and silt content

and a negative correlation with soil sand
content at the significance level of 1%. The
correlation matrix (Table 3) also indicated
that, contrary to the soil’s sand content, silt
and clay content has a positive correlation
with runoff volume (Thanapakpawin et al.,
2007; Emadi et al., 2009). Soil erosivity
also correlates positively with  runoff
volume, where higher soil erosivity results
in higher runoff volume (Alan et al., 2007).

Erosion and Sedimentation
Based on our results (Table 1), land-use has
a major influence on soil clay and silt
content, sand, EC, pH, ESP and SAR,
carbonate calcium, organic matter and
erosivity, and hence on soil erosion
(Mohamadi, 2016). As previously stated,
significantly higher sediment production
levels were measured at the abandoned
rain-fed agriculture. This could be initially
explained by the increased soil silt and clay
content compared to the other land-uses
(Celik, 2005). Back to Table 5, the highest
correlation was detected between soil
erosivity and sediment production in rain-
fed and rangeland settings. Sediment
production had also negative correlation
with the soil’s sand content (lzquirdo &
Ricardo, 2009; Adekalu et al., 2006).
Despite the role of clay particles in
improving soil’s resistance against erosion,
a contradictory result was obtained. In this
case, animal trampling in the abandoned
rain-fed agriculture could severely degrade
soil structure and break soil aggregates into
fine particles which per se intensifies
erosion. Less soil organic matter also bears
severe consequences for this land-use
(Kwanchai & Koontanakulvong, 2009).
The lowest erosion rates were recorded
at the rangeland and rain-fed agriculture
respectively. This might pertain to the
higher sand and lower silt content (Table
1). Based on the results of the group mean
comparisons provided in Table 2, rain
intensity of 88 mm. hr produced higher
erosion as a result of rain drop’s kinetic
energy (Hager, 1987) as well as rainfall and
runoff volume which give more capacity to
rain drops to collapse soil aggregates and
for runoff water to carry soil particles
(Bronstert et al., 2002). In terms of the
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mutual  relationship  between  rainfall
intensity and sediment production, the
abandoned rain-fed agriculture and the
rainfall intensity of 88 mm.hr produced
the highest levels of soil loss. Therefore, the
importance of higher rainfall intensities and
land-use changes on erosion could be
deduced (Izquierdo et al., 2009). Based on
the results, the lowest erosion occurred in
rain-fed agriculture and at the 46 mm.hr*
intensity. In Table 5, soil’s silt and clay
content has a positive significant
relationship  with  sediment production
under different intensities at 1% level of
significance (Defersha & Mellese, 2012)
with a negative relationship occurring
between sand and sediment production
(Santos et al. , 2003). Soil erosivity has also
a positive significant relationship with
erosion (Gebremicael et al., 2012). Table 4

Conclusion

In light of the results obtained in this study,
erosion and sediment production depends
upon a multitude of factors including soil
physiochemical properties, rainfall
intensity, and land-use changes, among
others. In this study, the highest erosion and
runoff production were observed in the
abandoned rain-fed agricultural areas.
Given the importance of lands in Saduyeh
for local farmers, more attention must be
directed towards the issues such as soil
erosivity, land capability, and land-use
planning. Thus it is recommended that
managerial plans be prepared based on soil
type and ecological capacity of the area, in
order to produce the maximum benefit for
the people and future generations, while
minimizing soil erosion and runoff
production.

shows the relationships along with their
significance levels.
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