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Relationship between Soil Productivity and Erodibility in 

Rainfed Wheat Lands in Northwestern Iran 

A. R. Vaezi1∗, and H. A. Bahrami2 

ABSTRACT 

 Soil erosion by water is the main factor of land degradation, particularly in semi-arid 

regions where soil productivity is usually low and lowering soil quality can severely 

decrease crops yields. This study was done in an area of 900 km2 in the semi-arid 

agricultural region of Hashtroud in northwestern Iran to determine the relationship 

between soil productivity and soil erodibility. Wheat grain yield (WGY) and soil 

erodibility factor (K) were measured separately at 108 plots in 36 dry-farming lands 

under natural rainfall conditions for a two-year period from March 2005 to March 2007. 

Based on the results, significant differences were observed among the lands in WGY (P< 

0.001) and K (P< 0.001). These differences were attributed to variations of soil properties 

among the lands. There was a negative relationship between WGY and K (R2= 0.77). 

Multiple regression analysis indicated that both WGY and K were significantly related to 

aggregate stability and infiltration rate, with a determination coefficient (R2) of 0.74 and 

0.90, respectively. Organic matter and calcium carbonate equivalent were the most 

effective soil properties that enhanced both aggregate stability and infiltration rate. The 

study revealed that soils with a lower percentage of water-stable aggregates and a lower 

infiltration rate also tended to have a higher susceptibility to erosion and a lower potential 

for crop production.  
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INTRODUCTION 

 Soil productivity is defined as the 
capacity of a soil to produce a certain level 
of crop yield according to a specified system 
of management (Soil Science Society of 
America, 1997). It can be affected by 
various factors that may degrade or improve 
soil properties. Soil degradation is the 
temporary or permanent lowering of the 
productive capacity of soil, or its potential in 
relation to environmental management (Pieri 
et al., 1995; Khormali et al., 2009). Thus, 
assessment of soil productivity by 
determination of crop yield can be used as a 
direct means to evaluate features of soil 

degradation (Shresthaa et al., 2004). Soil 
degradation is an important problem in 
cultivated lands, particularly in arid and 
semi-arid areas (Chikhaoui et al., 2005; 
Shahriari et al., 2011; Ayoubi et al., 2012) 
due to its impacts on the sustainability of 
agricultural production (Atis, 2006).  

 Soil erosion has long been recognized as 
an important physical factor in reducing soil 
productivity (Fenton et al., 2005; Afshar et 

al., 2010). It is both the most visible and the 
most widespread factor of soil degradation 
(Erenstein, 1999). Soil erosion by water 
(water erosion) affects agricultural 
productivity in a number of ways, either 
directly or indirectly. It diminishes soil 
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productivity by reducing topsoil depth (Lal 
et al., 2000); availability of water (Bossio et 

al., 2010); nutrients (Li et al., 2013) and 
organic matter (Fenton et al., 2005), as well 
as by restricting rooting depth. Many studies 
have been done on the effect of soil erosion 
on crop yield and soil productivity (Bakker 
et al., 2005; Wang et al., 2009; Li et al., 
2012). A review of the related studies 
indicates that erosion reduces productivity 
on average by about 4% for each 10 cm of 
soil lost (Bakker et al., 2004). A range of 
indirect methods have been used to quantify 
the effects of erosion on productivity 
including those involving the influences of 
past erosion on yield compared with 
productivity of un-eroded areas (Olson et 

al., 1994; Bakker et al., 2004). There is a 
lack of information that links the physical 
measures of soils susceptibility to water 
erosion to soil productivity, particularly in 
the semi-arid regions. 

 Soil erodibility is one of the factors 
affecting erosion, which can be considered 
as a physical measure to assess the degree of 
soils vulnerability to erosion (Chikhaoui et 

al., 2005). In the universal soil loss equation 
(USLE) and its revised version (Renard et 

al., 1991), the factor K expresses soil 
susceptibility to the processes of sheet and 
rill erosion. The inherent properties of soil 
play a major role in the ability of water to 
detach and transport its particles. The K 
collects the majority of soil properties and, 
for that reason, it has been one of the most 
common methods applied to evaluate 
erosion risks (Pérez-Rodríguez et al., 2007). 
The evaluation of K may be difficult because 
it requires data collected over the long-term 
(Moebius-Clune et al., 2011). However, this 
work is essential for making effective 
management decisions for agricultural lands.  

 Soil erosion by water is also a major 
environmental problem in many areas of 
Iran that threatens the sustainability of 
agricultural lands. Annually, about 500 
million tons of soil is removed from about 
15 Mha of agricultural lands (Samani et al., 

2009). East-Azarbijan Province is one of the 
most susceptible areas to water erosion in 

northwestern Iran. This area has a semi-arid 
climate with a mean annual precipitation of 
about 300 mm. Farming is mainly performed 
under rainfed conditions and water is the 
main factor limiting productivity 
(Agriculture and Economic Service of Iran, 
2009). Cultivation in slope direction is the 
most important factor accelerating erosion, 
particularly in rainfed wheat lands.  

 The importance of studying the response 
of crop yield to soil erosion for assessment 
of the vulnerability of agricultural lands to 
erosion has been reported by other authors 
(Lal, 1983; Marathianou et al., 2000). 
Nevertheless, there is a need to relate soil 
productivity to K. This is vital, particularly 
in semi-arid regions, where soil erosion can 
play an important role in lowering the soil 
productivity. Limited studies have been 
done on the relationship between crop yield 
and soil erosion in Iran. These studies have 
mostly focused on predicting crop yield 
using soil properties (Norouzi et al., 2010); 
the effect of erosion on crop yield 
(Mehdizadeh et al., 2013) and cost-
estimation of soil and water degradation 
(Samani et al., 2009). In their study, it was 
assumed that (i) WGY under rainfed 
conditions can be related to K, and (ii) these 
two variables may be affected by the same 
soil properties. Therefore, the main 
objectives of the present study were to build 
upon these hypotheses by determining the 
relationship between WGY and K and by 
identifying soil properties influencing those 
variables in dry lands of a semi-arid region 
in northwestern Iran.  

MATERIALS AND METHODS 

Study Area 

 The study area was located in an 
agricultural region (30×30 km), between 37° 
18' 39'' - 37° 35' 0'' N latitude, and 46° 46' 
5''- 47° 6' 5'' E longitude in the Hashtroud 
township, East-Azarbijan Province, 
northwestern Iran (Figure 1). The region has 
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Figure 1. Location of the study area and the grids used for field experiments in northwestern Iran. 
 

 

 

a semi-arid climate with an average annual 
precipitation of 322 mm. Most of the 
rainfalls occur during spring (from January 
to June) and autumn (from October to 
December). The mean annual temperature is 
13°C. Elevation varies from 1,360 m to 
1,700 m above sea level. Soil depth is 
generally in the range of 1.3 to 1.7 m. Soils 
are classified as Typic Calcic Xerepts 
according to the Soil Taxonomy 
classification system (Soil Survey Staff, 
2010). Field crops such as wheat are most 
commonly planted on slopes of 5-15% 
(Hakimi, 1986). In order to determine WGY 
and K, thirty-six grids with dimensions of 
5×5 km were considered on the slope map of 
the area. After field observations, a rainfed 
farmland in fallow condition located in a 
uniform slope of 9% was selected in each 
grid to install standard plots according to the 
USLE criteria (Wischmeier and Smith, 
1978). The lands had historically identical 
conditions in tillage practices and field 
management (fallowing, fertilization, etc.). 
Immediately after plowing, the plots were 
harrowed to provide a smooth and uniform 
surface on early March 2005. Although 
measurements of yield on eroding lands 
have been used to assess the effect of soil 
erosion on productivity (Bakker et al., 

2004), in this study, WGY and K were 
determined separately in two sites (crop site 
and erosion site) covering an area of 200 m2 
with 10 m spacing in each land. Three plots 
with 22.1 m length and 1.83 m width, and 
1.2 buffer bed were installed in each site 
according to the field measurements. 
Overall, field experiments were done in 216 
plots (36�2�3) for a 2-year period (from 
March 2005 to March 2007 

Determination of Wheat Grain Yield  

 Traditionally, wheat is the main crop in 
the area and is planted in two different times 
under rainfed conditions: early autumn 
(October) and early spring (March). Since 
winter wheat is widely planted in the area 
and measuring K under snow condition 
could be very difficult, spring wheat was 
selected for cultivation in the crop sites. It 
was planted in three plots in each farm right 
after plowing in March. The Sardary variety, 
that is normally grown for bread-making, 
was planted at the depth of about 4-6 cm, 
with row spacing of 20 cm and plant spacing 
of 5 cm. Chemical fertilizers were not 
applied to any of the crop plots in an attempt 
to create the same condition with those of 
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erosion site. Length of the growing period 
was about four months and on July 25, 
wheat samples were randomly taken from an 
area of 1 m2 from three locations in each 
plot. Mean annual WGY was calculated for 
each land from average of yield values of 
the three plots (t ha-1) for a two-year period.  

Determination of the Soil Erodibility 

Factor (K) 

 To determine K, after installation of three 
plots in the erosion site, plots were 
surrounded using soil ridges 30 cm in 
height. Runoff-collecting equipment 
consisting of gutter pipes, pipes and 70-liter 
tanks were established at the lower parts of 
the plots. To avoid adjustment for residue 
cover and effects of plant canopy, plots were 
maintained in a bare condition. The total 
volume of runoff-sediment was determined 
from each tank after each rainfall event 
resulting in soil loss. After mixing contents 
of the tank thoroughly, a uniform sample 
was taken, filtered, dried and weighed to 
determine the concentration of sediment 
(Guy, 1975). Soil loss in each rainstorm was 
calculated through multiplying the total 
volume of contents by the sediment 
concentration (Zhang et al., 2004). Value of 
K for each plot (t h MJ-1 mm-1) was 
determined using annual soil loss (t ha-1 yr-1) 
per unit of the rainfall erosivity factor (R). 
The mean K of each land was obtained from 
averaging annual K values in three plots for 
a two-year period. The R (MJ mm ha-1 h-1 yr-

1) was calculated by the summation of the 
erosivity index (EI30) of rainfalls for each 
year (Wischmeier and Smith, 1978). The 
spatial distribution of rainfalls was 
investigated in five stations throughout the 
area (Figure 1). Four standard rain gauge 
stations were located in the grids 2, 10, 27, 
and 30, with an automatic recording gauge 
station in grid 17 were used to measure 
depth of rainfalls. Data collected from the 
recording gauge station was also used to 
determine EI30.  

Measurement of Soil Properties 

 To identify the soil properties influencing 
K and WGY, soil samples (0-30 cm depth) 
were taken randomly from three locations in 
each plot, before plowing. The samples were 
mixed together and a representative sample 
was provided and passed through a 2 mm 
sieve. Particle size distribution of coarse sand 
(0.1-2 mm), very fine sand (0.05-0.1 mm), 
silt and clay was determined by the pipette 
method (SSEW, 1982). Gravel (2-8 mm) was 
determined using the weighting method (Gee 
and Bauder, 1980). Soil pH and EC were 
measured by a pH meter and an EC meter, 
respectively. Total organic carbon was 
measured by the Walkley–Black wet 
dichromate oxidation method (Nelson and 
Sommer 1982). Calcium carbonate equivalent 
was measured using the titration method 
(Goh et al., 1993). Total nitrogen (TN) was 
determined using a Kjeldahl digester after 
treatment with H2SO4 (Jones, 2001). Soil 
phosphorus was determined by extraction 
with sodium bicarbonate (Olsen et al., 1954). 
Soil exchangeable potassium was determined 
using a flame photometer after extraction 
with ammonium-acetate (Black et al., 1965). 
Aggregate stability was determined using the 
wet-sieving method and calculated as mean 
weight diameter (MWD) (Angers and 
Mehuys, 1993). Bulk density was determined 
using a core sampler (Blake and Hartge, 
1986) with 5 cm diameter and 6 cm height. 
Soil infiltration rate was determined based on 
the final infiltration rate (Ks) using a double-
ring infiltrometer (Bouwer, 1986) with four 
to six replications in each land at the end of 
the dry season.  

Statistical Analysis 

 In order to determine spatial homogeneity 
of the rainfalls, differences in rainfall depths 
among the stations were analyzed using one-
way ANOVA. Differences of WGY and K 
among the lands were analyzed using 
Duncan’s parametric test. Relationship 
between WGY and K was quantified using 
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Table 1. Soil properties in the study area. 

Soil variable  
Min   Max  Mea

n 
 

Standard 
deviation 

Coarse sand (%) 

 

9.90  29.40  18.9 

 

5.2 

Very fine sand (%) 
12.6

0 
 25.8

0 
 

17.8 3.2 

Silt (%) 20.2  44.8  31.6 7.1 
Clay (%) 20.8  42.2  32.0 5.7 
Gravel (%) 5.3  14.8  9.9 2.4 
Organic matter (%) 0.7  2.1  1.1 0.2  

Equivalent calcium carbonates 
(%) 

4.1  23.7  
12.7 5.2 

pH 7.3  8.2  7.8 0.2 
EC (dS m-1) 0.3  2.2  0.8 0.3 
Total nitrogen (%) 0.1  0.2  1.0 0.1  

Phosphorous (mg kg-1) 2.8  14.4  7.7 2.7 
Potassium (mg kg-1) 237.4  390.5  314.7 25.4 
Bulk density (g cm-3) 1.0  1.7  1.4 0.2 
MWD (mm) 0.3  1.9  1.13 0.44 
Ks (cm h-1) 1.4  5.8  3.5 1.2 

Table 2. Analysis of variance for the rainstorms depth values of the different rain stations. 

Location of the rain gauge station  Mean   F  P-value 
Grid 2  7.15   

0.027  0.994 
Grid 10 6.77 
Grid 17 6.98 
Grid 27 7.08 
Grid 30  6.82   

 

different functions (linear, etc.) and the best 
relationship was obtained based on the 
highest determination coefficient (R2). Soil 
properties affecting WGY and K were 
extracted using the Pearson’s correlation 
coefficient (r). A stepwise multiple linear 
regression analysis was applied to develop a 
relationship between WGY and K, and soil 
properties. All data were assessed for 
normality using the Kolmogorov-Smirnov 
test before analysis. SPSS 18 software was 
used in all statistical analysis. 

RESULTS AND DISCUSSION 

Soil Properties 

 Total soils of the lands were grouped into 
five classes as follows: clay loam (23), loam 
(9), sandy clay loam (2), silty clay loam (1), 
and sandy loam (1). As shown in Table 1, the 
soils were calcareous with an average of 
12.7% calcium carbonate equivalent. Amount 

of organic matter in the soils was low (1.1% 
on average). Soil pH varied from 7.3 to 8.2. 
Soil electrical conductivity varied among the 
soils from 0.32 to 2.19 dS m-1. The soils had 
very low amounts of nitrogen (about 0.1%), 
while that of potassium was relatively high 
(314.7 mg kg-1 on average). The aggregates 
were relatively unstable with a MWD ranging 
from 0.27 to 1.91. Values of Ks varied widely 
from 1.4 to 5.8 cm h-1 in the area. 

Rainfall Erosivity Factor  

 The rainfall erosivity factor (R) was 
calculated to be 334.543 MJ mm ha-1 h-1 

year-1 in the area. Out of 97 rainfall events, 
41 rainstorms led to soil loss at the erosion 
plots. The mean depth of rainstorms in the 
rain gauge stations located in grids 2, 10, 17, 
27 and 30 were 7.15, 6.77, 6.98, 7.08 and 
6.82 mm, respectively. Analysis of variance 
(Table 2) showed no significant difference 
among stations in rainstorms depth (F= 
0.027, P-value= 0.994). Thus, spatial 
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Table 3. Statistical descriptive of WGY and K in thirty six lands for a 2-year period. 

Variable 
 

Min   Max  Mean 
 

Standard deviation 
Wheat grain yield (t ha-1) 0.801  3.484  1.938  0.868  

Soil erodibility factor (t h MJ-1 mm-1)  0.002  0.007  0.004 0.001 
 

Table 4. Analysis of variance of the WGY and the K in rainfed lands. 

Variable  Sum of squares  df  Mean Square  F  Significant level 
Wheat grain yield  5.71�107  35  1631653.08  71.41  0.000 
Soil erodibility factor  2.00 �10-4  35  1.00 �10-5  68.74  0.000 
 

 

 
Figure 2. Relationship between WGY and K 

in the study area for a 2-year period. 
 

distribution of rainstorms depth was uniform 
and, in consequence, variation of soil loss in 
different lands could be directly related to K. 

  

Relationship between WGY and K  

 Mean WGY varied widely among the 
lands from 0.801 to 3.484 t ha-1 (Table 3). 
Sandy loam and silty clay loam were 
identified as having the lowest and the 
highest WGY (0.801 and 3.316 t ha-1, 
respectively) among the soil textures. Values 
of K ranged from 0.002 t h MJ-1 mm-1 in 
silty clay loam to 0.007 t h MJ-1 mm-1 in 
sandy loam (Table 3). Significant 
differences were observed among the lands 
in WGY and K (P< 0.001) (Table 4). These 
differences could be attributed to variation 
of soil properties among the lands.  

 A significant negative relationship was 
observed between WGY and K (R2= 0.77, P< 
0.001) (Figure 2). Regarding the relatively 
high dependency between the two variables, 
there may be some soil properties that 
declined K and in turn improved soil 
productivity. This result is different from 
that of other research, which showed that 
soil degradation and deterioration of soil 
properties led to lower soil productivity (den 
Biggelaar et al., 2004; Ye and Van Ranst, 
2009) and higher rate of soil erosion.  

Soil Properties Influencing WGY and K 

 Results of correlation analysis indicated 
that WGY and K were significantly 
correlated with the content of coarse sand, 

very fine sand, silt, clay, organic matter, and 
calcium carbonate equivalent as well as pH, 
MWD, and KS (Table 5). Some soil 
properties that considerably declined the 
value of K (coarse sand, very fine sand, silt, 
clay, organic matter, calcium carbonate 
equivalent, pH, aggregate stability, and 
permeability) positively affected WGY. 
Value of K was strongly increased by 
increasing very fine sand and silt particles. 
Nitrogen was the only factor affecting WGY 
and soil fertility (Liebig et al., 2006), and 
was determined as having no significant 
correlation with K. Research by Norouzi et 

al. (2010) in a semi-arid region showed that 
WGY under rainfed conditions was mostly 
affected by soil total nitrogen. Although EC 
is usually an important index in assessments 
of soil productivity in rainfed wheat 
production (Yong et al., 2009), there was no 
considerable correlation between WGY and 
EC.  
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Table 6. Regression analysis of the relationships between K and WGY
 a, and MWD

 b and KS 
c in the study area. 

 
Soil property 

Soil erodibility factor (K) Wheat Grain Yield (WGY) 
Coefficient Std. error  Sig. level Coefficient Std. error  Sig. level 

Constant 0.00940  0.00029  p< 0.001  -0.85762  0.29723  p< 0.01  

MWD a  -0.00170  0.00017  p< 0.001  1.01786 0.17472  p< 0.001  

Ks
b -0.00085 0.00007 p< 0.001 0.46062 0.06636 p< 0.001 

a Wheat Grain Yield b Mean Weight-Diameter, c Final infiltration rate. 
 

 Based on the results, K had the highest 
correlation with MWD and Ks with a 
correlation coefficient (r) of 0.64 and 0.78, 
respectively. Some studies also showed that 
the aggregate stability is a critical 
component of soil erodibility as it controls 
soil dispersion, surface seal development, 
and thus the extent to which runoff occurs 
(Ries and Hirt, 2008; Rhoton and Duiker, 
2008). Results on the negative effect of Ks 
on K accorded with Zehetner and Miller 
(2006) who found that the surface runoff and 
soil erodibility decreases by increasing the 
permeability. Results indicated that WGY 
was strongly correlated with MWD (r= 0.60) 
and Ks (r= 0.69). In general, soil structure is 
a significant factor affecting plant growth 
because it influences water movement and 
water retention, nutrient recycling, and root 
penetration (Lupwayi et al., 2001). 
Favorable soil structure and high aggregate 
stability are important factors required to 
improve soil productivity, and decrease K 
(Bronick and Lal, 2005; Karchegani et al., 
2012). There was no significant correlation 
between MWD and Ks (r= 0.13) because it 
was determined in aggregate samples taken 
from soil surface, while Ks was measured on 
the basis of final infiltration rate. Soil 
infiltration rate (Ks) was an important soil 
factor in the soil productivity particularly in 
high intensity rainfalls, so that, with 
increasing it, water demand for the wheat 
growth was supplied during growth period.  

 Regression analysis indicated that both 
WGY and K were strongly related to MWD 
and Ks (R

2= 0.74, P< 0.001 and R2= 0.90, P< 
0.001, respectively) (Table 6). With an 
increase in MWD and KS, value of K 
declined remarkably and, consequently, 
WGY and soils productivity improved. Both 

MWD and KS were significantly affected by 
some independent soil properties including 
mineral particles (coarse sand, very fine 
sand, silt, and clay), organic matter, and 
calcium carbonate equivalent. The effective 
soil properties, except the content of very 
fine sand and silt, considerably enhanced 
either MWD or Ks, and in consequence 
remarkably decreased K and improved WGY 
in the area. Calcium carbonate equivalent 
(CCE) and organic matter were the most 
effective soil properties that improved both 
MWD and Ks. Calcium carbonate equivalent 
(CCE) increased Ca2+ in soil exchange phase 
and so stimulated flocculation of colloids 
and increased the MWD and decreased the K 
(Duiker et al., 2001). 

 Organic matter was the only soil property 
influencing K and WGY that, contrary to the 
other effective soil properties, could be 
affected by soil and crop management. The 
role of soil organic matter as a factor 
affecting sustainability of eco-geomorphic 
systems has been well reported in some 
studies (Marqués et al., 2005; Khormali et 

al., 2009). The importance of organic matter 
in soil productivity springs from its effects 
on aggregation, structural stability, water 
retention, infiltration rate, and amount of 
available water for plant. At the same time, 
organic matter contributes to soil fertility by 
serving as a source of plant nutrients. 
Bonding, adsorption processes, and 
interactions with polyvalent cations explain 
why organic matter has often been found to 
be positively correlated to soil structure but 
negatively correlated to soil erosion (Sarah, 
2006). Therefore, adding organic matter to 
the soils can be an effective management 
practice to improve physical properties, 
reduce soil erodibility, and enhance soil 
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productivity in the area. 

CONCLUSIONS 

 There were significant differences among 
the rainfed lands in WGY and K. These 
differences were associated with variations 
of soil properties among the lands. WGY and 
K had significant correlations with soil 
content of coarse sand, very fine sand, silt, 
clay, organic matter, and calcium carbonate 
equivalent, as well as pH, MWD, and Ks. 
Multiple regression analysis indicated that 
both WGY and K were significantly related 
to MWD and KS with R

2 of 0.74 and 0.90, 
respectively. Organic matter and calcium 
carbonate equivalent improved both MWD 
and KS and, consequently, decreased K and 
enhanced WGY. Therefore, maintaining crop 
residues and adding organic manures to soil 
can be an effective management practice to 
improve soil physical properties in order to 
reduce soil erodibility and enhance soil 
productivity in the area. 
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غربي  پذيري در ديمزارهاي گندم در شمال رابطه بين باروري خاك و فرسايش

 ايران

 ر. واعظي و ح. ع. بهراميع. 

  چكيده

خشك است. در اين فرسايش خاك به وسيله آب، عامل عمده تخريب زمين به ويژه در مناطق نيمه

شود. مناطق توان باروري خاك معمولاً پايين بوده و افت كيفي خاك منجر به كاهش شديد عملكرد مي

خشك در شمال غربي اي نيمهكيلومتر مربع در ناحيه 900اي كشاورزي با وسعت اين مطالعه در منطقه

ايران به منظور تعيين رابطه بين باروري خاك و فرسايش پذيري انجام گرفت. براي اين منظور عملكرد 

كشتزار ديم تحت باران  36كرت واقع در  108پذيري خاك به طور جداگانه در دانه گندم و فرسايش

- گيري شدند. بر اساس نتايج، تفاوتاندازه 1386تا فروردين  1384وردين ساله از فر 2طبيعي طي دوره 

پذيري ) و نيز فرسايشp> 001/0داري بين كشتزارهاي مورد بررسي از نظر عملكرد گندم (هاي معني

هاي مورد بررسي هاي خاك در زمينها با تغييرات ويژگي) مشاهده شد. اين تفاوتp> 001/0خاك (

). تجزيه 2R= 77/0پذيري خاك وجود داشت (اي منفي بين عملكرد گندم و فرسايشههمراه بود. رابط

پذيري خاك هر دو با پايداري رگرسيوني چندگانه خطي نشان داد كه عملكرد گندم و فرسايش

ارتباط دارند. ماده آلي و  90/0و  74/0) برابر 2Rخاكدانه و نفوذپذيري خاك به ترتيب با ضريب تعيين (

هاي خاك از نظر بهبود پايداري خاكدانه و نفوذپذيري كلسيم معادل به عنوان مؤثرترين ويژگيكربنات 

هاي پايدار در آب و نيز هاي با درصد پاييني از خاكدانهخاك بودند. اين مطالعه نشان داد كه خاك

وليد محصول هاي با نفوذپذيري پايين، حساسيت بالايي به فرسايش آبي داشته و توان پاييني در تخاك

  دارند. 
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