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ABSTRACT

Soil erosion is the most important land degradation worldwide. Turkish soils are
highly threatened by erosion mainly due to natural physical-geographic conditions as
well as historic and current land-use. A number of soil erosion studies have been
performed for different parts of Turkey; however, no erodibility potential-related data
is available for Gaziantep province. In this study we evaluate the susceptibility of
agricultural land in Gaziantep province to erosion (erodibility potential) by the use of
the erodibility factor K on the basis of the soil texture, soil organic matter (SOM)
content, soil aggregation and water permeability. Moreover, the nutrient supply of
soils was investigated in order to further elucidate the impact of soil erosion on soil
fertility. The study revealed that all investigated soils had to be categorized as
threatened by erosion due to a high to extremely high erodibility potential, with K-
factors ranging between 0.33 and 0.79. Further K-factor was positively correlation to
SOM as well as aggregate stability (AGMD) mainly due to grain-size compositions.
According to these results, there is a generally high risk of erosion for the investigated
soils and future erosion events might also be followed by a measurable loss of
nutrients and subsequently loss of soil fertility. As a major outcome of the present
survey, a regional soil protection concept should be developed and implemented for
Gaziantep region, wherein the study results provide a basis for information sessions
with regard to erosion.
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1. INTRODUCTION

Soil erosion is defined as the detachment, entrainment, transport, and deposition of
soil particles [1]. It is one of the main problems of modern human environmental
interactions [2]. In light of global food security soil erosion is a principal problem
because of its potential adverse impact on soil productivity and sustainability. Soil
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erosion may also threaten further soil functions and ecosystem services impacting
many aspects of human life and the environment including air and water quality [3,4].
Soil erosion involves the detachment of soil particle and their subsequent transport by
water or wind [5,6]. For example soil detachment by water occurs when raindrop
impact energy and/or shear stress of overflow exceed the cohesive strength of soil
particles and the subsequent sediment transport occurs by the raindrop splash and
surface water flow impact [7].

Soil erodibility, is an intrinsic soil property, which reflects the sensitivity of the soil to
erosion under certain erosivity forces caused by environmental conditions affecting
soil's structural stability such as landscape features, land use system and climate
includes rainfall and runoff [8-11]. Soil erosion is strongly related to agriculture and
associated historical and recent land-use changes [1, 12] such as cropping systems that
are characterized by the lack of soil surface coverage, tillage erosion, soil erosion due
to land leveling and crop harvesting [1,13]. Thus resulting, loss of soil fertility from the
loss of nutrients and soil organic carbon (SOC) or humus.

Soil erodibility factor (K-factor) is widely considered as a significant parameter in
estimating soils” susceptibility to splash detachment and transport by surface flow
[14,15]. Since soil susceptibility to erosion is affected by a large number of physical,
chemical and mechanical soil properties as well as hydrological processes, quantifying
K-factor is complicated. However, over the period of time a more simplified
relationships have been proposed [16]. The K-factor of RUSLE [17] has been widely
used for estimation of soils” susceptibility to splash detachment and transport by
surface flow.

According to [18], more than 50 % of Turkish soils are threatened by erosion, whereby
the amount of soil material eroded solely by water was estimated to be 380 to 500
million Mg per year The particular reasons for soil erosion in Turkey are i) the natural
physical-geographic conditions, such as parent rocks, substrate, relief, and climatic
conditions, as well as ii) historic and current land-use (e.g. deforestation, overgrazing,
intensity in general) [19-21]. Consequently, a wealth of soil erosion studies have been
performed for different parts of Turkey within the last years [22-26]. However, as far
as we know, no erodibility potential-related data is available for Gaziantep province.
Therefore, the aim of the present study was to evaluate the susceptibility of
agricultural land in Gaziantep province to erosion (erodibility potential) by the use of
the erodibility factor K [27], with soil texture, soil organic matter content, aggregate
stability (class) and permeability (class) as input factors. Furthermore, the nutrient
supply of soils as well as further soil chemical parameters were investigated in order



eP Un,
ot e

5\' ‘\”u; The International Journal of Energy & Engineering Sciences, 2020, 5 (1) 12-20 ENERGY & 14
" ’ ) ISSN: 2602-294X - Gaziantep University ENGINEERING
SCIENCES
* x

7973

to elucidate the impact of soil erosion on soil fertility and to assess the present
conditions of soils with regard to their nutrient supply.

2. MATERIALS & METHODS

2.1 General characteristics of the study area

Soil erosion investigations were conducted for five regions within Gaziantep province,
which is located at the border of the Mediterranean and south-eastern Anatolia and
borders northern Syria in the south.

In general, the study area is marked by hilly surfaces; limestone and gypsum are
common substrates for soil genesis [28]. The climatic conditions of south-eastern
Anatolia are distinctly continental with dry and hot summers and cold winter times.
Chromic Cambisols developed on more than 55 % of the area, followed by colluvial
soils (approx. 23 %). Further soil types (< 10 % of area) are Cambisols, soils from
basaltic parent rock, Regosol, Terra rossa, and Terra fusca [28]. The natural vegetation
mainly consists of grasslands with dwarf shrubs and, to a smaller extent, also steppe,
garrigue, forest and macchia. Several kinds of cash crops are cultivated, such as
pistachio, olives, almonds, oak coppice, barley, wheat, chickpeas, lentils and on
occasion also wine.

2.2 Analysis of soil physical and chemical parameters

Soil samples were taken with a soil core sampler from 0-25 cm depth at the beginning
of the vegetation period in the years 2008 to 2010. The samples were sieved (2 mm
mesh size) and air dried for soil chemical analysis. The pH was determined
potentiometrically within a CaCl2-solution (0.01 M), using a Hanna pH-electrode (HI
83140 model) [29], whereas determination of electrical conductivity (EC) followed [30].
The CaCO3 content was measured by means of the Scheibler-method [31] by the use
of Eijkelkamp M1.08.53.D model calcimeter. Soil organic C content (Corg, syn. SOM)
was measured by dry combustion at 550°C with a Leco-RC 412 analyzer [32]. Fe-, Zn-
,Mn-, and Cu-contents were determined according to [33] by use of an AAS device
(Perkin Elmer AA Accessory Cooling System), K, Ca and Mg via AAS device (Perkin
Elmer) after [34].

Grain size analysis followed [35] by means of Retsch Model AS 200. Aggregate stability
was determined by wet sieving [36]. Here, air dried soil samples were first separated
into aggregate fractions of 8-5, 5-3, and 3-2 mm by sieving. The weight was determined
for each fraction before aggregates were admixed again, rewetted with distilled water
and placed together on the top of a sieve cascade (consisting of sieves with mesh sizes
of 5, 3, 2, and 1 mm). The cascade was then moved up and down within water for 5
minutes (35 cycles min-1). Aggregate stability was calculated subsequently by
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determining the difference between the mean aggregate size (weighted mean
aggregate diameter = AGMD) before and after wet sieving. Soil permeability was
determined according to [37] Aggregate stability classes as well as soil permeability
classes were taken from AG Boden (2005) and the K-factor was calculated acc. to [27]:
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K =2.77 x 10-6 x M1.14 x (12-OM) + 0.043 x (A-2) + 0.033 x (4-D),

where K represents the K-factor (erodibility potential), M = (% silt + % fine sand) x (%
silt + % sand (excluding fine sand)), OM = % organic matter (syn.: Corg/SOM), A =
aggregate class, and D = permeability class.

2.3 Statistical analyses

Correlations between variables were tested using the correlation coefficient r
according to Pearson. Kruskal-Wallis H tests (p < 0.05) were performed to test for
significant differences between the different types of land-uses and regions, as not the
complete data-set fulfilled the statistical requirement of normal distribution. Results
were presented as arithmetic means (AM) + standard deviation (SD). All tests were
performed using IBM SPSS Statistics 21.0 software package.

3. RESULTS & DISCUSSION

Table 1 provides the physical and chemical properties of the soils. The pH-values of
investigated soils was alkaline, which is in accordance with the generally high contents
of alkaline cations where it showed a significant positive correlation for Ca, Mg and
CaCO3 (Table 2). Both K-factor and AGMD were negatively correlated to Cu and Mn,
indicating that these cations were important for soil aggregation of investigated soils,
however, no significant correlations could be described for CaCO3 [39].

According to [33] the sites can be identified as having sufficient Cu (> 0.2 ppm) and
Mn (> 1 ppm) supply, whereas the Fe supply was insufficient (< 2.5 ppm). The Zn
content was considered too low at 66 % of the sites. In general, the measured contents
revealed to be very high (> 2.56 ppm) for K, Ca and Mg [40]. High potassium levels
may degrade the structural stability of the soil and consequently lead to silting-up of
soils, which in turn promotes erosion [41]. Based solely on soil texture, 22% of the total
investigated soils was characterized by high susceptibility to water erosion while the
remaining, 66% and 13% showed medium and minor susceptibility to water erosion
respectively [38] (Supplementary table 1). Susceptibility to water erosion increases
with increasing silt contents [35].
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Considering SOM content, aggregate stability (class) and permeability (class), the
calculation of site-specific K-factors revealed that all investigated soils had to be
categorized as threatened by erosion due to a high to extremely high erodibility
potential, with K-factors ranging between 0.33 and 0.79 [38]. As the K-factor is a
function of the before mentioned variables and the particle size fractions of silt, sand
and fine sand, the K-factor was significantly correlated to AGMD (r = 0.85), percolation
rate (r = -0.60), and the clay content (r = -0.68), respectively. The K-factor is moreover
influenced by SOM as this parameter is considered to have an influence on the forming
of structure and stabilization of aggregates and thus decreases the detachment and
transport of soil substance [43,44]. Consequently, correlation coefficients were r = 0.31
tfor K-factor and SOM and r = 0.43 for AGMD and SOM (both significant), respectively,
and it is likely that the generally low SOM contents of the study sites might be
responsible also for the increase in erodibility potential of the soils that categorized
before as a minor prone to erosion, on the basis of their particle size fractions. For
example, soils (at site 30) that were classified as medium susceptible to water erosion
showed considerably higher erodibility potential 50 this increase was mainly related
to the SOM content, which was extremely low (0.42 g kg-1 Corg) compared to the other
medium susceptible soils (2.3 and 2.5 g kg-1 Corg, respectively).
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Besides the abiotic factors, the naturally given soil texture, agricultural land-use
generally exerts strong influence on both SOM and permeability. The SOM content e.g.
depends on the respective cropping system, in particular the biomass input by above-
and belowground harvest residues, intertillage cropping, and the intensity of soil
tillage. In particular the frequency and depth of soil tillage, e.g. by ploughing,
promotes mineralization rates by increased soil aeration as well as shifting of organic
residues to the soil surface. On the other hand, field traffic may also cause severe soil
compaction leading to a decrease in both permeability and aeration [44].

However, within the present study the erodibility potential did not differ significantly
between the different types of land-uses (H-test, p < 0.05) and thus, no detailed
conclusions could be drawn for the respective investigated land-uses, which were
pistachio & olive, pistachio, wheat, olive groves, and fallow. As even the five different
regions did not differ from each other (H-test, p < 0.05), it is evident that, within the
present study, soil texture was the crucial parameter, determining the basic potential
for erodibility.

4. CONCLUSIONS

The study revealed that soils of Gaziantep province were highly prone to erosion
mainly due to their grain-size compositions. Besides the alkaline soil conditions at
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most of the investigated sites, the general low SOM contents further increased the
erodibility potential. As a consequence, agricultural land is severely threatened to lose
soil fertility by erosion of nutrients, even though nutrient supply was presently
sufficient for most of the investigated nutrients (with exception of K, Ca and Mg). Our
tindings, therefore, can be used as a basis to develop and implement a regional soil
protection concept for Gaziantep region.

Table 1. Soil physical and chemical properties

Soil chemical properties Soil physical properties
pH EC Ca K Mg Zn Mn Fe Cu CaCO; SOM AGMD percolation K-factor
mScm? mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! % gkg! ml sec’!
AM 7.6 0.07 4221 55 320 0.85 4.50 1.33 2.51 16 2.3 20 158 0.51
(£SD) 0.1 0.02 1184 15 161 0.68 1.98 0.40 0.89 9 2.5 12 93 0.14

Table 2.1 Correlation between soil physical and chemical properties of the study area

pH EC Ca K Mg Zn Mn Fe Cu CaCO; SOM Clay AGMD PERC K-factor

pH 1

EC 070 1

Ca 5077 36171

K L7727 248 ) 1
6437

Mg 403" 173 099 -256 1

Zn 075 186 070 130 1
713"

*Significant (two-tailed) at p< 0.05 by least significant difference (LSD).** Significant
(two-tailed) at p< 0.01 by LSD; PERC: Percolation; AGMD: aggregate stability; SOM:
Soil organic matter; EC: electron conductivity.
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