Agricultural Engineering (Scientific Journal of Agriculture), 45 (1), Spring, 2022

[ Research Article I

Agricultural Engineering,45(1) (2022) 57-78 ISSN (E): 2588-526X
DOI: 10.22055/AGEN.2022.39858.1630 ISSN (P): 2588-5944

Impact of land use change on erodibility and soil quality indicators (case
study: Sidasht, Guilan Province)

F. Samie Khoshkestalkhi*, N. Yaghmaeian®, S. Abrishamkesh® and A. Maslahatjou *

=

MSc., Department of Soil Science, Faculty of Agricultural Sciences, University of Guilan, Iran

2. Assistant Professor, Department of Soil Science, Faculty of Agricultural Sciences, University of Guilan,
Iran

3. Assistant Professor, Department of Soil Science, Faculty of Agricultural Sciences, University of Guilan,
Iran;

4. MSc., General Office of Natural Resources and Watershed Management of Guilan province, Rasht, Iran.

Received: 23 May 2022 Accepted: 18 June 2022

Abstract

Introduction: Soil is one of the important parts of ecosystem. Land use change and developed agriculture
can lead to soil loss and land degradation because they have damaging effects on soil properties including
soil organic carbon, aggregate stability and soil erodibility factor. Soil erodibility factor can be measured by
different methods including experimental plots. It shows that the problem should be dealt directly and it
demands high amount of cost and time. The factor can be calculated by soil properties such as soil organic
matter and particle size distribution. They play a crucial role for sustainable ecosystem and decreased soil
erosion. Since a few decades ago, deforestation has caused increased soil degradation and it has had
devastative effects on soil surface and subsurface properties. This study investigated soil erodibility factor by
different methods in three land uses including forest, grassland, and cropland at two depths in Sidasht of
Guilan province. Soil quality index was calculated for evaluation of effects of land use on soil quality
degradation.

Materials and Methods: The study area is located in Tootkabon in Guilan province (latitude 36° 50" 10" N,
longitude 49° 39" 15" E). Parent material is limestone and geomorphologic units that are comprised of hill
land and plateau. The soil moisture and temperature regimes are xeric and thermic, respectively. In order to
reach the goals of the study, samples were collected from three land uses of forest, grassland, and cropland at
two depths of 0 to 10 and 10 to 20 cm in regards to parent material, slope class, and equal slope aspect. Soil
samples were prepared in two categories: the disturbed soil and the undisturbed ones. After becoming air
drying, the disturbed samples were sieved by a 2 mm sieve. Soil properties such as soil texture, bulk density,
soil organic carbon, CaCOs;, and soil stability were measured. Soil erodibility factor is calculated by
nomograph, Vaezi and Ostovari methods. Also sensitivity index and stratification ratio were taken into
account. Soil quality index was determined using linear and nonlinear scoring methods based on minimum
data set. All soil parameters were tested using one-way analysis of variance and the differences among means
were analyzed using Duncan's significant difference test at the probability level of 0.05.

Results and Discussion: Results showed that the effects of land use and soil depth on bulk density, soil
texture and soil erodibility factor using Wischmeier’s nomograph method were non-significant (p > 0.05).
The amount of organic matter, soil structure stability index and soil erodibility factor of Vaezi method were
significantly decreased by increasing the depth. MWD and GMD at forest were higher than cropland, and
CaCO; and soil erodibility factor of Ostovari method at forest were lower than cropland. In comparison with
other methods, soil erodibility factor of Ostovari method demonstrated that the effect of land use was
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significant (p < 0.05). Soil properties including bulk density, MWD, organic matter, and soil erodibility
factor of Ostovari method were selected as the minimum data set. Results of nonlinear scoring method were
better than linear scoring method because the linear scoring method just showed the effects of soil depth on
soil quality index (p < 0.05). The soil quality index using linear scoring method was decreased by increasing
the depth. However, soil quality index using nonlinear scoring method in forest was higher than cropland,
and it was decreased by increasing the soil depth. It was found that non linear scoring methods are superior to
linear and soil quality index using the nonlinear scoring method showed better the soil quality among
different land uses.

Conclusion: Sensitivity index and stratification ratio values showed that land use change and soil depth
effect on soil properties including CaCOs, organic matter, structure stability index and MWD. The
stratification ratio values more than 1.5 for organic matter and soil structure stability index can be stated that
these properties can show the degradation of soil quality due to land use change. Soil quality evaluation
showed that in relation to the effect of land use on soil quality index, nonlinear scoring method is superior to
linear scoring, so that forest and agricultural land use had the highest and lowest soil quality index by
nonlinear scoring method, respectively. Therefore, due to the high sensitivity of soil quality to land use
change, preventing land use change is one of the necessary measures for sustainable soil management in the
study area.

Key words: Soil erodibility factor, sensitivity index, stratification ratio, soil quality index, minimum data
set
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1- Experimental plots
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Figure (1) Location of study area and sampling points
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VFS: Very fine sand, OM: Organic matter, MWD: Mean weight diameter of aggregates, GMD: Mean geometric diameter
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Figure (2) Mean comparison of soil properties in different land use and soil depth (Same capital letters indicate

non-significant differences at P < 0.05 in each soil depth among different land uses. Same lowercase letters indicate
non-significant differences at P < 0.05 in each land use among different soil depths.)
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Figure (3) Mean comparison of soil erodibilty factor in different land use and soil depth. a. K,: Soil erodibility
factor by Vaezi method, b. Kj: Soil erodibility factor by Ostovari method. (Same capital letters indicate non-

significant differences at P < 0.05 in each soil depth among different land uses. Same lowercase letters indicate
non-significant differences at P < 0.05 in each land use among different soil depths.)
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Figure (4) a. Sensitivity index of soil properties, b. Stratification ratio of soil properties. VFS: Very fine sand,
OM: Organic matter, MWD: Mean weight diameter of aggregates, GMD: Mean geometric diameter of

aggregates, SSI: Soil structure stability index, K;: Soil erodibility factor by Wischmeier’s nomograph method, K,:
Soil erodibility factor by Vaezi method, b. Ks: Soil erodibility factor by Ostovari method.
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Table (3) Results of principle component analysis, communalities and weight values of soil quality indicators for
the first 3 PCs.

S3Y) R \y ‘uﬂ_,.a Y 4&5}‘ \ d.ﬁy
Weight Communalities PC3 PC2 PC1
1.685 3.187 3.948 523 G50
Eigenvalue
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Percentage of variance
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Cumulative percentage
A}J (.;L“)";j
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Bold factor loadings are considered highly weighed, and underlined bold represent soil properties selected as MDS.
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Table (4) Correlations matrix s for the highly weighted variables under the first 3 PCs,
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« - o S Olale glul esls
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“and ™ represent significant at P < 0.05 and 0.01 probability levels, respectively.
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Figure (5) Mean comparison of soil quality index by a. linear scoring method and b. nonlinear scoring method in
different land use and soil depth. (Same capital letters indicate non-significant differences at P < 0.05 in each soil
depth among different land uses. Same lowercase letters indicate non-significant differences at P < 0.05 in each
land use among different soil depths.)
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