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Abstract 

Among Universal Soil Erosion Equation (USLE) factors (R, K, L, S and P), Soil Erodibility Factor (K) 
is one of the most important and key factors which determines soil particles resistance to be de-
tachment by water erosion (rainfall and/or runoff) forces. In fact, K factor is the rate of soil loss 
per rainfall erosion index unit and affected by 6 parameters including soil primary particles (silt, 
sand and clay), organic matter content and also permeability and structure of soil. The USLE no-
mograph is one of the most rapid and common methods for calculating K factor based on men-
tioned parameters. In this study, 38 samples of surface soil (0 - 15 cm) were collected from Yamchi 
watershed and the percentage of silt, sand, clay and organic matter content were determined in 
soil laboratory. Also textures of soil samples were determined to choice soil permeability and 
structure class codes based on United States Department of Agriculture (USDA) published infor- 
mation. Using USLE nomograph equation, K factor was calculated for each soil sample and based 
on kriging interpolation method, soil erodibility factor (K) map was constructed for entire study 
area which average soil erodibility factor and average standard error of interpolated map were 
0.442 and 0.0076 t∙ha∙h∙ha−1∙Mj−1∙mm−1, respectively. 
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1. Introduction 

Detachment of soil particles by wind and/or water forces which is named soil erosion [1] becomes a global 
problem especially in vulnerable and fragile environments [2] [3]. Soil erosion has widespread and serious nega-
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tive effects on agricultural production, water quality, biodiversity, useful life of reservoir dams and many other 
environmental risks [4] [5]. A worldwide estimation showed that arable land is lost at a rate of more than 10 
million hectare per year [2] and this is serious threat especially in agriculture based countries like Iran. There-
fore determination of soil loss sensitivity is one of the key prerequisites for soil erosion prediction and also 
choosing a suitable management practices which is toward sustainable progress. 

The Universal Soil Loss Equation (USLE) developed by Wischmeier and Smith in 1978 [6] is an empirical 
soil erosion model that is used most frequently by professionals and technicians to predict soil loss in water ero-
sion [2] [7]. USLE and its successor the Revised Universal Soil Loss Equation (RUSLE) are base technology in 
a number of other erosion models like SWAT, ACNPS, Watem/Sedem and EPIC [8] and both are related to the 
rain erosivity factor (R), soil erodibility factor (K), slope length factor (L), slope steepness factor (S), cover 
management factor (C) and support practice factor (P) [9]. Among these factors, soil erodibility factor (K) is one 
of the key factors that required for soil erosion determination and/or prediction across the world [10] and was 
found strongly correlated with soil loss [11]. 

Soil erodibility is related to the integrated effects of rainfall, runoff and infiltration on soil loss and is com- 
monly called the soil erodibility factor (K) which represents the effect of soil properties and soil profile charac-
teristics on soil loss [12]. The K factor has been recently used as an indicator of erosion because of its suscepti-
bility to particulate detachment and transport by erosion agents [3]. Up to now, two basic methods have been in-
troduced for K factor determination. First method is direct measurement of K factor from standard plots whichis 
cumbersome and expensive but more accurate. Second method is USLE nomograph which was derived by 
Wischmeier et al. in 1971 [13] that although have law accuracy rather than direct method, due to its low cost 
and time needs, have a wide usage [14]. In this method based on soil properties include primary particles (silt, 
sand and clay), organic matter content, permeability and structure of soil, K factor is calculated. 

In contrast to importance of K factor in soil loss prediction, numerous studies have been done in this field. 
Wang et al. (2001) assessed the uncertainty of soil erodibility values published from the soil survey of Coryell 

county of Texas in USA in spatial prediction of soil loss by comparing them with the soil erodibility values dri-
ven from a set of soil samples and they resulted that the K value from soil samples produce reliable prediction 
map of soil erodibility [9]. Bahrami et al. (2005) published a fuzzy system to obtain k factor as output using its 
dependent parameters (parameters need for USLE nomograph) as inputs and by comparing k values attained 
with USLE model with fuzzy system driven K values, they found the applicability of that system [15]. Vaezi et 
al. (2010) determined the soil erodibility factor (K) in the northwest of Iran using both direct field measured soil 
loss rate of runoff plots and indirect USLE nomograph. Their results showed that the nomograph would consi-
derably lead to over-estimation of soil erodibility in entire the study area [7]. Auerswald et al. (2014) developed 
a set of equations that fully emulates the USLE nomograph which facilitates the K factor calculation and super-
sedes the cumbersome reading of the nomograph [8]. 

According to the absence of K factor information in Iran and its major importance especially in small-scale 
regions like watershed level, the objective of this study was to determination of soil erodibility factor (K) in 
Yamchi watershed using USLE nomograph. Results of this study can aid in USLE model and its successor 
(RUSLE) running to determine or predict soil loss that extremely affect the agricultural production and also the 
reservoir of Yamchi dam that is constructed in downstream of this watershed. 

2. Methods and Materials 

2.1. Study Area 

The study area which has been named Yamchi watershed is located in west of Ardabil province in the northwest 
of Iran and geographically extend from 37˚51'53'' to 38˚14'33''N and 47˚46'26'' to 48˚05'34''E (Figure 1). This 
watershed is located between Sabalan in the north and Bozghoosh Mountains in the south of study area. Total 
area of watershed is 562.7 Km2 that 71.5% (approximately 402.38 Km2) of area is located in Ardabil province 
and 28.5% (appr. 160.32 Km2) is located in the East Azarbayjan province. Rangelands and agriculture with 51% 
and 46% of total area respectively, are the most common land use type in the entire study area. The climate is 
semi-arid and average rainfall is 303 mm that mostly occur in winter and spring and due to the high elevation 
which differ from 4380 m in the north (Sabalan mount) to 1560 m from sea level in the outlet, snow is the most 
common form of rainfall. Average annual temperature is 13˚C. Yamchi reservoir dam is constructed on down- 
stream of this watershed and can be influenced by management practices in watershed. 
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Figure 1. Location of the study area and soil samples location.                                                    

2.2. Soil Erodibility Factor (K) 

To estimate soil erodibility factor, the USLE nomograph published by Wischmeier et al. (1971) was used which 
is accordance Equation (1). 
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where K is soil erodibility factor (t∙ha∙h∙ha−1∙Mj−1∙mm−1) and M is texture from the first 15 cm of soil surface and 
is calculated using Equation (2), based on soil primary particles percentage. OM is % of organic matter content 
that could be determined in laboratory, S is soil structure code and P is soil permeability class and both can be 
obtained from USDA published documents based on soil texture [13]. 

( ) ( )100M Ac L Armf= − ⋅ +                                         (2) 

where Ac is % of clay (<0.002 mm), L is % of silt (0.002 - 0.05 mm) and Armf is % of very fine sand (0.05 - 0.1 
mm) [16]. 

In this study, 38 samples of surface soil (0 - 15 cm) were collected from Yamchi watershed (Figure 1) and the 
percentage of silt, sand, clay and organic matter content were determined in soil laboratory to investigate the soil 
erodibility factor (K) in Yamchi watershed using USLE nomograph. Also soil samples texture were determined 
using percentage of primary particle based on USDA soil texture triangle in TAL software. Then according to 
each soil sample texture, S and P values were obtained from the National Soils Handbook No 430 (USDA 1983) 
[17] in which each soil texture is assigned a Structure code and permeability class. 

Using Equations (1) and (2), soil erodibility factor (K) was calculated for each soil samples. Finally using ki-
riging interpolation method which is widely used in several researches [7] [9] [16] [18] [19] in this field, soil 
erodibility factor map was constructed for inter study area. 

3. Results 

3.1. Soil Properties 

Soil primary particles (silt, sand and clay) and organic matter content distribution maps constructed using 
kriging interpolation method in Arc Map®10.1 are shown in Figure 2. 

This maps show that the northern and southern parts of study area have less silt content than eastern and 
western parts. Most of the area has sand content below 30% and clay content in north and south of study area is 
more than central parts. Also western parts have high organic matter content in comparison to the west. The av-
erage standard errors of the kriging interpolation maps were 0.94 %, 1.53%, 1.36% and 0.18% for the silt, sand, 
clay and organic matter content percentage respectively. 
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Also silt, sand and clay content percentage distribution for each soil sample on USDA soil texture triangle is 
shown in Figure 3. The analysis showed that most samples contain 20% to 55% silt, 10% to 50% sand and 15% 
to 44% clay and clay-loam texture which observed in 13 samples, is the most common soil texture class. 

3.2. Soil Erodibility Factor (K) 

Kriging method was used to interpolate and estimate the K factor value in unknown points based on K value of 
known points (38 sampling points) and Soil erodibility factor spatial distribution map for entire study area was 
constructed in Arc Map®10.1 which is shown in Figure 4. 

This map shows that western part has low erodibility factor (K) values than eastern parts. Average soil erodi-
bility factor was estimated to be 0.442 t∙ha∙h∙ha−1∙Mj−1∙mm−1, for entire study area and about 76% of soils (29 
samples) have soil erodibility factor up to 0.4 t∙ha∙h∙ha−1∙Mj−1∙mm−1. Average standard error of interpolated K 
factor map was 0.0076 t∙ha∙h∙ha−1∙Mj−1∙mm−1. According to importance of K factor in USLE and other related 
soil erosion models, this map has a significant implication in modeling and prediction of erosion and aid in de-
termination of location and kind of soil conservation practices. 
 

 
Figure 2. Silt (a); Sand (b); Clay (c) and organic matter content (d) maps for the study area.                             
 

 
Figure 3. Distribution of sand, silt, and clay contents in the soil sampls (n = 38). 
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                       Figure 4. Soil erodibility factor map.                     

4. Conclusion 

Soil erodibility factor (K) in Universal Soil Loss Equation (USLE) is strongly correlated with soil loss and 
known as a key factor in soil erosion prediction. USLE nomograph is the most common method for K factor 
calculation which was used in this study to determine K factor in Yamchi watershed soils. The range of K factor 
in study area differed from 0.3 to 0.76 t∙ha∙h∙ha−1∙Mj−1∙mm−1, and most soils had k factor more than 0.4 t 
ha∙h∙ha−1∙Mj−1∙mm−1. Average soil erodibility for study area was estimated to be 0.442 t∙ha∙h∙ha−1∙Mj−1∙mm−1. 
Eastern part has high soil erodibility and it can be due to low organic matter content, so this part is in Priority for 
soil conservation practices. It is suggested that the accuracy and applicability of USLE nomograph in K factor 
determination for this area be examined using direct measurement of K factor in standard plots.  
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