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In this study, changes in the erodibility (sensitivity to erosion) values of soils under different 
land and plant managements (sunflower, wheat, vegetables, sugar beets, alfalfa fields as well 
as orchards, meadows and pastures) were examined in the Turhal district of Tokat province, 
Turkey. Physical and chemical properties of surface soil samples along with land management 
practices against erosion were investigated for their impact on sensitivity to erosion. The 
sensitivity of the soil samples were found to be in the following order: Meadows< 
orchards<wheat<sunflowers<pastures<sugar beets<alfalfa<vegetables. The findings show 
that fundamental soil characteristics, and especially clay and organic matter content, were 
effective in shaping the soil structure and therefore the erodibility, as well as the way the land 
was used. The most suitable parametric values in soil characteristics were observed in the 
meadows, and the worst values were observed in the soil where vegetables beets were planted. 
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Introduction 
The preservation and improvement of multi-functional properties of lands are important for meeting the 
needs of the increasing population, developing economies and agricultural sustainability. Erosion adversely 
impacts the life cycle of soil by restricting its multi-functional properties (Tunç and Schröder, 2010). The 
effect of erosion on plant development is linked to reduced depths of roots, deterioration of soil structure, 
decrease in beneficial water reserves, loss of organic matter, and nutrition imbalance (Lal and Moldenhauer, 
1987; Yılmaz et. al., 2007; Cebel et al., 2013). Fight against the negative effects of erosion in agricultural 
areas and the improvement of efficiency involve employing many options such as land management, soil 
management and plant management. The most general approach is to take necessary steps by identifying 
the level of impact or contribution of practices effective against soil erodibility by reducing the risk of 
potential erosion in these soils ahead and by increasing plant development, along with a suitable land 
management planning (Lal and Moldenhauer, 1987; Fleige and Horn, 2000; Başkan et al., 2011; Özdemir, 
2013). The way a land is used and changes in vegetation significantly affect the organic matter, physical 
characteristics and erodibility (Francis and Thomes, 1990; Lal et al., 2018). Celik (2004) carried out a 
research study based on forests, pastures and agricultural areas. He found that the organic matter, bulk 
density, aggregate stability and erosion sensitivity of the soil had statistically significant changes due to the 
transformation of the forest and pasture areas into agricultural use. Eraslan et al. (2017) examined the 
relationship between the erosion sensitivities of the soil in the İnebolu Basin, the way the land was used and 
the vegetation cover on the land. They emphasized that there were statistically significant relationships 
between the sensitivity to erosion and clay content; and between vegetation cover and coverage. Parlak et al. 
(2015) examined the impact of pasture reclamation practices on soil erosion. They emphasized that there 
were significant differences in soil loss and bulk density values among protected and unprotected parcels.  

It is known that plant root development in soils has an important positive effect on soil physical properties, 
especially structural development and stability (Iç et al, 2010; Iç and Gülser, 2012). Hacımüftüoğlu (2012) 
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examined the physical, chemical and mechanical properties of these samples, and assessed the effects of the 
cultivated plants on the structural parameters of the soil sampledfrom the farmland of Faculty of Agriculture 
in Atatürk University where sunflowers, wheat, beans, corn, potatoes and alfalfa plants grown. They found 
that there were significant differences in the structural parameters and characteristics of the soil based on 
the types of the plants grown. The best parameter value in the soil samples was from the areas where alfalfa 
cultivated, and the worst value was from the soil where potatoes and corn cultivated. 

This study was carried out to identify the effects of land and plant managements on  physical and chemical 
soil characteristics and the sensitivity of soil against erosion, in the fields where sunflowers, wheat, 
vegetables, orchards, sugar beets, meadows, pastures and alfalfa plants were cultivated in the Turhal district 
of Tokat, Turkey. 

Material and Methods 
The research area is located within the boundaries of Turhal district of Tokat in the Central Black Sea region. 
Cereals are the main agricultural product in the district. In addition, tomatoes, sugar beets, sunflowers for oil 
production, feed crops (common vetch, alfalfa, corn for silage) and many types of fruit and vegetables are 
grown. A continental-temperate climate reigns in the region which is located in the transition zone between 
the Central Black Sea Region and the Central Anatolia Region. The average annual temperature is 12.9 °C, 
and the average annual rainfall is 413.3 mm in the region (DMİGM, 2006).  

This study was carried out with 24 surface (0-20cm) soil samples taken from 3 different fields for 8 different 
land use (wheat, sunflowers, sugar beets, vegetables, alfalfa, orchards, meadows and pastures over three 
years) after harvesting. 

Methods  

Soil amples were analyzed using the standard methods as follows (Jones, 2001). Particle size distribution 
was determined by using the Bouyoucos hydrometer method. Soil pH (1:2.5) was detected using a pH-meter 
with glass electrode. Electrical conductivity was measured by using an electrical conductivity instrument 
with glass electrode. Organic matter content was identified by using the Walkley-Black method. Moisture 
contents at the field capacity (0.33 atm) and wilting point (15.0 atm) were detected by using a pressure 
plate. Lime content was measured by using a Scheibler Calcimeter, cation exchange capacity (CEC) by using 
the “Bower” method (Richards, 1954), and aggregate stability by using the wet sieving method (Demiralay, 
1993). The dispersion rate was determined by using the silt + clay content values determined before and 
after the soil was dispersed in water (Özdemir, 2013). The soil erodibility factor was calculated by using the 
equation developed by Wischmeir and Smith (1978). The erosion rate was determined by using the moisture 
equivalent and clay content (Özdemir, 2013) with silt + clay content determined before and after the 
dispersion of the soil in water. Descriptive statistics for the obtained data and correlations among the soil 
properties were done using SPSS 11.0 software. 

Results Discussion 
Table 1 shows the statistical features determined in the soil samples taken from 24 land parcels hosting 8 
different practices of land use (wheat, sunflowers, vegetables, orchards, sugar beets, meadows, pastures, and 
alfalfa cultivation) in the Turhal district of Tokat province. The soil samples had textures ranging from 
coarse to fine. The sand content of the soil samples ranged from 20.20% to 65.50%, silt content from 19.30% 
to 45.10%, and clay content from 1.40% to 41.20%. pH values of the soil samples (1:2.5 earth-water) usually 
varied within the limits of moderately alkaline soil and was approximately 7.93 on average (Table 1). The 
soil samples had lime content ranging from moderately (8.90%) to very (39.50%) calcareous. Organic 
matter content in the soil samples had mostly a moderate level ranging from very little (0.50%) to very high 
(3.40%). The exchangeable sodium percentage in the soil samples was less than 15%, and there was no 
problem of alkalinity (Hazelton and Murphy, 2007). 

The erosion rate statistics identified in the soil samples taken from the (24) field s under (8) different land 
use conditions in the Turhal region is given in Table 1. Figure 1 shows the relationships between erosion 
rate averages and the way the lands were used. Table 2 shows the correlations between erosion rates and 
the soil characteristics. The erosion rates of the soil samples varied from 1.90% to 79.60%, and the average 
value was 14.72% (Table 1). Erosion rate is a parameter that is employed to examine erosion sensitivity of 
soil, and any soil with a ratio smaller than 10% are considered resistant to erosion (Morgan, 2005). Among 
the soil parcels in the research site, the erosion rate in the samples higher than 10% limit value was found in 
2 parcels of sunflower, 1 parcel of alfalfa, 3 parcels of vegetables, 2 parcels of sugar beets and 1 parcel of 
pasture. The soils in question can be said to be susceptible to erosion and the others are resistant to erosion. 
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An analysis of the mutual relationships between the land use and erosion rate showed that sensitivity to 
erosion was influenced by basic soil characteristics and the ways the land was used. The tendency to erosion 
increased as the intensity of use increased, and parcels with a light texture and low organic matter were 
more sensitive to erosion (Table 1, Table 2). Kanar and Dengiz (2015) conducted a study in the Madendere 
Basin and examined the differences in the erosion sensitivity of the soil based on the way the land was used 
and the vegetation cover on the land. They stated that the sensitivity to erosion was affected by land use. 
Karagül (1994) found that an erosion-resistant structure was formed in the soils of meadows and forest 
areas, and an erosion-sensitive structure was formed in agricultural areas. The researcher stated that this 
situation was related to the structure that had been shaped for many years in the fields of meadows and 
pastures, and that the situation in agricultural areas was related to the insufficient development of a stable 
structure because of the continuous tillage of the land.  

When the soil samples were sorted in ascending order in terms of erosion rates, the meadow-covered 
parcels (1.90%) with the smallest proportion were found to be in the first place, while the parcels where 
vegetables were produced with the largest proportion (79.60%) were last. It was found that the soil samples 
were in the following order: meadows < orchards < wheat < sunflowers < pastures < sugar beets < alfalfa < 
vegetables. These findings show that basic soil characteristics, and especially clay and organic matter 
content, were effective in shaping the structure and therefore the sensitivity to erosion, as well as the way 
the land was used (Figure 1, Table 1).  Özdemir (2015) and Benbi (1998) obtained similar findings in their 
research.  

 
Figure 1. Change in erosion rates depending on the way the land was used 

Erosion rate negatively correlated with the clay content (–0.635**), organic matter (–0.316*), lime content  
(-0.362*), field capacity (–0.590**), wilting point (–0.667**) values of the soil samples, and positively 
correlated with the sand content (0.518**) values of the soil samples significantly (Table 2). Gülser (2006) 
determined that aggregation is related to soil structure and different forage cropping treatments had 
positive effects on aggregation and aggregate stability by increasing soil organic carbon content, compared 
to the fallow control treatment of the clay soil. 

Table 2. Correlation matrix for physical and chemical properties of soil samples 

 S Si C OM L EC CEC FC WP AS DR ER 

Si -0,253 1           
C -0,892** -0,212 1          
OM -0,607** 0,036 0,597** 1         
L -0,185 -0,379** 0,364* 0,283 1        
EC -0,337* 0,361* 0,172 0,365* 0,010 1       
CEC -0,055 0,216 -0,045 0,247 0,494** 0,113 1      
FC -0,891** 0,021 0,891** 0,589** 0,182 0,309* -0,038 1     
WP -0,807** -0,138 0,880** 0,538** 0,199 0,377** -0,158 0,881** 1    
AS -0,577** -0,426** 0,782** 0,593** 0,456** 0,128 0,072 0,586** 0,664** 1   
DR 0,676** -0,050 -0,659** -0,588** -0,362* -0,449** -0,241 -0,685** -0,575** -0,598** 1  
ER 0,518** 0,239 -0,635** -0,316* -0,337* -0,247 0,049 -0,590** -0,667** -0,546** 0,622** 1 
K 0,478** 0,662** -0,792** -0,487** -0,377** -0,062 0,207 -0,631** -0,767** -0,741** 0,440** 0,653** 

**: Significant at 1% level, *: Significant at 5% level, S: Sand, Si: Silt, C: Clay, OM: Organic matter, L: Lime, EC: Electrical 
conductivity, CEC: Cation exchange capacity, FC: Field capacity, WP: Wilting point, AS: Aggregate stability, DR: Dispersion 
ratio, K: Soil erodibility factor, ER: Erosion ratio.  
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On the other hand, the erosion rates of the soil samples were found to have significantly positive correlations 
with the dispersion rate (0.622**) and K factor (0.653**) values, which are the parameters used in assessing 
structural stability, at 1% level, and significantly negative correlation with aggregate stability (-0.546**) at 
1% level (Table 2). Different researchers have obtained similar findings in their studies in different regions 
(García-Orenes et.al., 2009; Özdemir et al., 2015; Saygın et al., 2017). Gülser (2004) found that cropping 
treatments improved infiltration ratio by increasing sructural stability and porosity that can lead to the 
benefits of reduced erosion and improved soil water storage.   

Conclusion 

Sensitivity of soils to erosion in Turhal district was found to be affected by the land use, The lands used as 
meadow and pasture areas had soil structure more resistant to erosion than the lands used for vegetables 
production. Sensitivity to erosion was found to be affected by fundamental soil characteristics and especially 
clay and organic matter content. The parcels with high clay and organic matter content were determined to 
be more resistant to erosion. When the agricultural fields were considered, the sensitivity to erosion 
increased as the intensity of tillage increased and as the organic matter content of the soil decreased. It was 
observed that the fields involving the cultivation of feed crops created a structure that was more resistant 
than the parcels that required intensive tillage. In this respect, it will be useful to pay attention to these 
issues when deciding on alternation systems. 
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