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Abstract The aim of this research is to determine the
effects of topographic aspect and changes in land use type
and land cover (LUTLC) on soil organic carbon (SOC) and
soil properties in Uludere catchment. Therefore, adjacent
three land use types were chosen, including natural forest,
grassland and cultivated area, to determine the effects of
changes of LUTLC on SOC and soil properties in the upper
soil layer (0-20 cm). The results showed that significant
differences between types of land use in terms of bulk
density (BD), soil organic matter (SOM), total nitrogen
(TN), and SOC. Soils from the grassland had the second
highest levels of SOM and SOC. However, soils from the
cultivated area had a very low amount of SOM, SOC and
TN. It seems that agricultural practices have an extractive
effect on soil properties and SOC accumulation. The soils
of forest had the lowest BD values, whereas the soils of
cultivated areas had the highest BD at both aspects. BD of
the grassland was significantly higher than that of forest but
lower than that of cultivated areas. The most appropriate
land cover type to protect the soil qualities and to combat
desertification in semi-arid region is natural vegetation.
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1 Introduction

Effects of changes in global land use on soil properties are
critical for monitoring human impacts on the Earth
ecosystems. Properties of surface soils are particulary
sensitive to the human activities and changes in land use
(Leifeld et al. 2005). Human-driven land use changes
include increased cultivated areas and degraded areas and
decreased grassland and forest areas. These effects of
human on land resources have increased the need to
appraise effects of changes in land use on soil properties.
Land degradation resulting from improper land use and
management is a major cause of declined productivity in
the arid environment (Mohawesh et al. 2015; Recanatesi
2015; Tsegaye et al. 2010; Zhao et al. 2016). Changes in
land cover have a drastic effect on physical, chemical, and
biological properties of soil and, hence, change the quality
of soil (Jaiarree et al. 2011; Kussainova et al. 2013). Land-
use changes initiated by anthropogenic activities alter the
cover type and productivity of vegetation firstly, and then
affect soil basic physical and chemical properties (Irshad
et al. 2015; Shi et al. 2012). Natural forests and grassland
areas have been changed to degraded areas (Deng et al.
2014; Houghton et al. 1999; Lal 1990; Watson et al. 2000)
as a result of increasing demand for agriculture and set-
tlement areas (Ferrara et al. 2015). Improper or intensive
agricultural activities in unsuitable marjinal areas have
resulted in various types of land degradation in semi-arid
regions of Turkey.

Improper land use (Abbasi et al. 2007; Li et al. 2009) is
one of the main factors of soil erosion and land degreda-
tion. These changes, especially cultivation of deforested
land, may rapidly diminish the soil quality (Singh et al.
2014) such as ecologically sensitive components (Zhang
et al. 2013) of the semi-arid ecosystem. Many studies
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(Kussainova et al. 2013; Mohawesh et al. 2015; Tes-
fahunegn 2013; Tsegaye et al. 2010; Yao et al. 2010) have
found that strong and statistically significant relationships
between soil qualities and land use. The physical properties
of soil (Shukla et al. 2006) are influenced by changes in
land use and land cover or agricultural practices. On the
other hand, many studies determined that topsoil is more
susceptile to land use and cover changes (Chang et al.
2012; Deng et al. 2016; Franzluebbers and Stuedemann
2010; Shi et al. 2012). For example, improper agricultural
practices and overgrazing reduce the soil to the forces of
erosion (Alkharabsheh et al. 2013; Garcia-Ruiz 2010;
Pickup and Chewings 1994), increase compaction (Batey
2009) and decrease accumulation of soil organic matter
(Parmar et al. 2016). Understanding changes in soil quality
resulting from changes in land use is important as it pro-
vides information on effectiveness of different land use
options and, hence, modifies land management practices as
needed to maintain or sustainable land use. Effects of
changes in land use on soil properties are inherently
regional and highly dependent on the soil type (Abu-
hashim et al. 2016) and climate (Teferi et al. 2016). Thus,
there is need to do more researches for understanding the
effects of land use changes on soil properties in different
regions.

The results of many studies demonstrated that the land
use change has a profound effect on soil physical and
chemical properties in the semi-arid ecosystem. Therefore,
particularly in semi-arid region, land management plans
should be revised in the near future according to the sci-
entific methods and local ecological conditions.

2 Materials and methods
2.1 Study location

The research area located in Uludere catchment of Cankiri,
Yaprakli town is coordinate at 40°45'—40°52'N and 33°37'-
33°52'E. It is located within the transition zone between the
humid climate of the Black Sea and the semi-arid climate
of the Inner Anatolia. The research area is established
between 1200 and 1846 m heights. The mean elevation of
the catchment is 1610 m (Fig. 1).

The average annual precipitation and temperature of the
study area are 530.8 mm and 9.1 °C, respectively
(Table 1). The climate of the catchment is subhumid-semi-
arid in the Black Sea backward region. According to
Thornthwaite’s method, it has been determined that it is
“semi-arid, micro-thermal having abundant water supply in
winter”.

In the study area, the ground base was composed of
ophiolitic series and basalt. Ipsilateral sea gray marls
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(eosen), large red color conglomerates (oligosen), evapo-
rate series and pliocene chipping grit stone (miosen) are
determined as the most common rocks in the catchment
(Calapkulu 1967). The catchment area is mostly covered by
forest (73%). Dominant tree species of the natural forest
are Uludag fir (Abies bornmulleriana Mattf), Scotch pine
(Pinus sylvetris L), and Anatolian black pine (Pinus nigra
subsp. pallasiana, Arnold). According to Staff (1999), soils
of the catchment have been classified as Entisolls, Incep-
tisol and Mollisols (Dengiz et al. 2011).

2.2 Soil sampling and laboratory analyses

The distributions of soil samples in the grid system
(50 x 50 m) are total 180 sample points for all different
LUTLC (forest, grassland and cultivated area) at two
aspects (north—south). The undisturbed soil samples (180
samples) were collected with a steel cylinder (100 cm®) for
bulk density analysis and the disturbed soil samples (180
samples) were gathered from O to 20 cm depth (because of
effective depth of SOM and SOC accumulation) for all
adjacent different LUTLC from two aspects (north—south).
Soil analysis methods are: texture (Bouyoucos 1951), tex-
ture triangle (Staff 1999), dry bulk density (BD) (the mass
of dry solids in a given bulk volume of soil) (Blake and
Hartge 1986), soil pH (Rhoades 1996), calcium carbonate
(CaCOs; - Lime) (Richard and Donald 1996), soil organic
matter (SOM) by modified Walkley—Black method and soil
organic carbon (SOC) by Kjeldahl method (Nelson and
Sommers 1982) and total nitrogen (TN) by Kjeldahl
method (Pansu and Gautheyrou 2007).

2.3 Statistical analyses

All statistical analyses were calculated using the SPSS®
20.0 (IBM corporation software) statistical software.
Analysis of variance (ANOVA) was used to detect the
significant differences in the measured variables (p < 0.05)
among land-use types or between two aspects. Differences
among means of LUTLC and between north and south
were considered significant at the p < 0.05 level using the
least standard difference (LSD) multiple comparisons test.

3 Results and discussion

Forest management plan maps were used to determine for
distribution of LUTLC of the catchment. According to
LUTLC analysis, most common land use types were forest,
grassland, cultivated area and settlement (Fig. 2). Produc-
tive forest and degraded mixed forests had the highest land
cover in the study catchment and involved about (2995 ha)
73% of the total area, followed by grassland area (18%-
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Fig. 1 Location map of the research area

Table 1 Mean precipitation 5 F M A M I I A S o N D Annual
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Fig. 2 LUTLC spatial distribution of Uludere catchment
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Table 2 Land use-land cover spatial distribution of the study area

Land use-land cover Area

(ha) (%)
Productive forest 1804 44.0
Degraded mixed forest 1191 29.0
Grassland 758 18.0
Cultivated area 344 8.9
Settlement 35 0.1
Total 4132 100

758 ha), cultivated area (8.9%-344 ha) and settlement
(0.1%-35 ha) (Table 2).

Scotch pine and Uludag fir were the dominant tree
species in the research area. Grassland areas were
destructed by excessive pasturage. Agriculture was usually
in the form of fallow dry agriculture. Especially, in rainy
periods, leaving the land rough led to erosion. Topography
and slope are intense variable factors and change from low
to high slope. In agricultural lands, intense surface erosion
keeps on. During the period when the research was per-
formed, soil was in a dry nature.

The descriptive statistics including mean, min., max.,
standard deviation (SD) and coefficients of variation (CV)
of some observed soil properties are presented in Table 3.
On the other hand, soil properties of different LUTLC were

determined based on two aspects (Table 4). Soil pH and
lime were not significantly different between soils under
the all the LUTLC. The results showed that SOM, SOC,
and TN in the soils of cultivated area were significantly
lower than those in the soils of forest and the grassland
areas. LSD analysis revealed that the difference (p < 0.05)
was due to the variance among all LUTLC. SOC contents
were significantly higher in the soils of forest and grassland
than those in the cultivated soils. Long-term cultivation
significantly (p < 0.05) decreased the SOM and SOC
content in the top soils (Table 2). Our results were com-
patible with some studies (Chang et al. 2012; Eid et al.
2016; Liu et al. 2014; Mohawesh et al. 2015). In our study,
significant SOM and SOC decrease after cultivation in two
aspects. In recent years, many studies have shown that
cultivation practices increased soil organic matter decom-
position rate and caused the loss of SOC from the soils of
the agricultural ecosystem (Abbasi et al. 2007; Behera and
Shukla 2015; Ross et al. 2016; Watson et al. 2000). Bulk
density of soils under the forest was significantly lower
than the contents in the soils of cultivated and the grassland
areas. In general, it increases with profile depth, due to
changes in organic matter content, porosity and compaction
(Askin and Ozdemir 2003; Chaudhari et al. 2013). In the
variance analysis pertaining to BD, land use type was
found statistically significant (p < 0.05) (Table 3). LSD
test showed that the soils of cultivated areas were different

Table 3 The descriptive

statistics of soil properties (60 Soil properties Land use-land cover Mean Min Max SD CV (%)
§0il samples for each LUTLC) pH Forest 6.71* 6.07 7.45 0.57 8.49
in terms of different LUTLC .
Grassland 6.71% 6.44 7.17 0.26 3.87
Cultivated land 7.26* 6.79 8.23 0.51 7.02
Lime (%) Forest 0.57% 0.38 0.72 0.13 8.81
Grassland 0.47* 0.01 0.91 0.31 5.96
Cultivated land 0.38* 0.01 0.66 0.31 9.58
SOM (%) Forest 5.35% 4.81 10.32 2.16 40.37
Grassland 2.94° 1.56 6.55 1.16 39.46
Cultivated land 2.11° 0.61 4.42 1.41 66.82
SOC (%) Forest 1.16* 0.95 2.05 0.26 22.41
Grassland 0.54° 0.23 1.13 0.12 2222
Cultivated land 0.19¢ 0.12 0.52 0.06 31.58
TN (%) Forest 0.32% 0.17 0.52 0.12 37.50
Grassland 0.26* 0.24 0.33 0.06 23.08
Cultivated land 0.10° 0.12 0.22 0.08 80.00
BD (g cm ™) Forest 0.93° 0.75 1.06 0.11 11.83
Grassland 1.02%° 0.84 1.21 0.14 13.73
Cultivated land 1.19* 1.06 1.41 0.12 10.08
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SD standard deviation, CV coefficient of variance (%), SOM soil organic matter, SOC soil organic carbon,
TN total nitrogen, BD bulk density

The different letters (a > b > c¢) show statistically significant differences between mean variables of soil
properties at p < 0.05
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Table 4 Comparison of soil

Land use-land cover

Grassland n = 60
Mean =+ Std. Error

Cultivated area n = 60
Mean + Std. Error

Forest n = 60
Mean + Std. Error

properties in terms of two Soil properties Aspect
aspects
pH N
S
Lime (CaCO~%) (%) N
S
SOM (%) N
S
SOC (%) N
S
TN (%) N
S
BD (g cm ™) N
S

6.48 + 0.18° 6.75 + 0.21° 7.05 + 0.06°
6.94 + 0.43° 6.66 + 0.12° 7.48 + 0.42°
0.59 + 0.08° 0.63 + 0.15° 0.44 + 0.21°
0.55 + 0.09° 031 + 0.17° 032 + 0.17°
5.98 + 0.42° 3.19 £ 0.23° 2.20 £ 0.44°
473 + 0.73° 2.69 + 0.82° 2.03 + 1.20°
1.58 £ 0.6 0.69 + 0.3 0.23+ 0.2%

1.09 + 0.6° 0.41 £+ 0.3° 0.16 + 0.2*

0.39 + 0.02° 0.25 + 0.01° 0.12 + 0.03*
0.23 + 0.03° 0.19 £ 0.07° 0.09 £ 0.06°
0.87 £ 0.07° 0.97 + 0.04° 1.26 + 0.08°
0.98 + 0.04° 1.07 £ 0.11° 1.12 £ 0.03

pH soil reaction, L lime (CaCO_3), SOM soil organic matter, SOC soil organic carbon, TN total nitrogen,
BD dry bulk density, N north, S south

The different letters (a > b) show statistically significant differences between mean variables of soil

properties at p < 0.05

from the other soils of LUTLC. With respect to BD, var-
ious properties of the cultivated soils, the forest and the
grassland soils were identified and the cultivated soils were
found to have a higher bulk density. BD determined that
the lowest value in the forest soils at two aspects. BD of
forest soils was found below 1.0 g cm ™, whereas in the
cultivated soils it was found higher than that value. SOM of
the surface soils of forest in two aspects was measured
much higher than other land use type soils. Many studies
(Chaudhari et al. 2013; Leifeld et al. 2005; Quiroga et al.
2006; Sakin et al. 2011) have shown that the strongest
relationship between SOM and bulk density. (Askin and
Ozdemir 2003) inferred that increase in organic matter
decreases the bulk density of soil. BD was the lowest
(0.87 g cm ™) in the north aspect of the forest soil and the
highest (1.26 g cm®) in the north aspect of the cultivated
soil (Table 4). Taken together, the forest soils at the north
aspect were found to have the lowest BD in all LUTLC
(Tables 3, 4). Our studies determined that the SOM
increases in the surface soils of the natural forest areas and
the bulk density of soils decreases. Soil bulk density is
essential for soil management, and information about it is
important in soil compaction as well as in the planning of
modern farming techniques (Chaudhari et al. 2013).

Of all the investigated variables in this study, total
nitrogen (TN) in surface soils of the cultivated area had the
highest coefficient of variation with 80.0% and pH in the
grassland and the cultivated area had the lowest coefficient
of variation with 3.87 and 7.02%, respectively (Table 3).

The amounts of SOM, SOC and TN showed that a
significant difference in both aspects. The variance analysis

for pH and lime in terms of two aspects did not show
significant results (Table 4). A comparison of soil proper-
ties in terms of two aspects is given in Table 4. The vari-
ance analysis related to SOM, SOC and TN properties for
aspect showed significant results (p < 0.05), (Table 3). As
a consequence, while comparing the average values related
to land use rates at each aspect, it will be measured inde-
pendently and at each difference for the aspect, measure-
ment average levels should be carried out at every level of
land use independently. In the northern aspect, there was a
difference between the grassland and the cultivated area
and between the forest and the cultivated soils; the culti-
vated area had the lowest values. However, in the southern
aspect, no difference was found between land use types. In
the northern and the southern aspects, there were variations
in the agriculture soils. SOM and SOC in the northern
aspect forest soils were found to be higher than that in the
others (Table 4). Total N content showed a similar trend
and pattern to the one observed for SOC. It was the highest
in the forest soils and the lowest in the cultivated area soils.
By taking the average values across the different land use
and two aspects, the TN mean content of the soils collected
from the forest, the grassland and the cultivated area was
0.32, 0.26 and 0.10%, respectively. It is clear that soils of
the forest had more TN than the adjacent soils under the
grassland and the cultivated area.

Variance analysis carried out for pH and lime for aspect
did not reveal significant results. The variation between
northern and southern aspects was statistically significant
and status remained constant at the forest, the grassland
and the cultivated area. When the analysis results were
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evaluated, SOM and SOC in the northern aspect were
found higher than ever (Table 4). For all land use types,
amounts of SOM and SOC were evaluated. The northern
aspect forest soil was found to have the highest levels of
SOM and SOC (5.98 and 1.58%, respectively) and the
southern aspect cultivated soil was found to have the
lowest levels of SOM and SOC (2.03 and 0.16%, respec-
tively) (Table 4). Especially, SOM and SOC of surface
soils from the forest in two aspects were much higher than
those in soils from the other land use types (Table 3). Total
N of three sites at two aspects is presented in Table 3. It is
obvious that soils of the forest had significantly more TN
than the other soils at two aspects. In all land use types,
SOM, SOC and TN were observed to decrease from the
northern aspect to the southern aspect.

4 Conclusion

This study comprises the analysis of the effects of aspect
and changes in land use on soil properties at a regional
scale in semi-arid areas of Turkey. There are strong and
mutual relationships between the land use and soil physical
and chemical properties such as organic carbon, total
nitrogen, bulk density, porosity and compaction. Both
physical and chemical characteristics of soil determined for
different LUTLC at two aspects showed remarkable dif-
ferences in SOM, SOC, TN and BD. Soils of the forest and
the grassland showed that superiority by having high
concentrations of SOM, SOC and TN and better physical
properties. The current study revealed that soils of the
cultivated area had lower amounts of SOM, SOC and TN
than other land uses. Differences in soil properties (e.g.,
pH, lime) were minimal between soils from northern land
use and those from southern land use. The results obtained
from this study indicate the severity of the suitable land use
management is necessary to prevent land degradation in
semi-arid areas. On the other hand, it is a foremost factor
for the accumulation of soil organic C and improves soil
qualities.

References

Abbasi MK, Zafar M, Khan SR (2007) Influence of different land-
cover types on the changes of selected soil properties in the
mountain region of Rawalakot Azad Jammu and Kashmir. Nutr
Cycl Agroecosyst 78:97-110

Abu-hashim M, Elsayed M, Belal A-E (2016) Effect of land-use
changes and site variables on surface soil organic carbon pool at
Mediterranean Region. J Afr Earth Sci 114:78-84

Alkharabsheh MM, Alexandridis T, Bilas G, Misopolinos N, Silleos
N (2013) Impact of land cover change on soil erosion hazard in
northern Jordan using remote sensing and GIS. Procedia Environ
Sci 19:912-921

@ Springer

Askin T, Ozdemir N (2003) Soil bulk density as related to soil particle
size distribution and organic matter content. Poljopr Agric
9:52-55

Batey T (2009) Soil compaction and soil management—a review. Soil
Use Manag 25:335-345

Behera SK, Shukla AK (2015) Spatial distribution of surface soil
acidity, electrical conductivity, soil organic carbon content and
exchangeable potassium, calcium and magnesium in some
cropped acid soils of India. Land Degrad Dev 26:71-79

Blake GR, Hartge KH (1986) Bulk density. In: Klute A (ed) Methods
of soil analysis. Part 1. Physical and mineralogical methods. 2nd
ed. Soil Science of America and American Society of Agron-
omy, Madison, USA, pp 363-375

Bouyoucos GJ (1951) A recalibration of the hydrometer method for
making mechanical analysis of soils. Agron J 43:434-438

Calapkulu F (1967) Geology of sheets of Cankir1 G31d2-G3l1cl-
G31c2. General Directorate of Mineral Research and Explo-
ration, Ankara

Chang R, Fu B, Liu G, Wang S, Yao X (2012) The effects of
afforestation on soil organic and inorganic carbon: a case study
of the Loess Plateau of China. CATENA 95:145-152

Chaudhari PR, Ahire DV, Ahire VD, Chkravarty M, Maity S (2013)
Soil bulk density as related to soil texture, organic matter content
and available total nutrients of Coimbatore soil International
Journal of Scientific and Research Publications 3:1-8

Deng L, Liu Gb, Shangguan Zp (2014) Land-use conversion and
changing soil carbon stocks in China’s ‘Grain-for-Green’Pro-
gram: a synthesis. Glob Change Biol 20:3544-3556

Deng L, Wang G-1, Liu G-b, Shangguan Z-p (2016) Effects of age and
land-use changes on soil carbon and nitrogen sequestrations
following cropland abandonment on the Loess Plateau. China
Ecol Eng 90:105-112

Dengiz O, Gol C, Bagkan O (2011) Soil Properties and Soil Mapping
of Biiyiikcay Basin (Cankir1). Artvin Coruh Universitesi Orman
Fakiiltesi Dergisi 8:46-58

Eid EM, El-Bebany AF, Alrumman SA (2016) Distribution of soil
organic carbon in the mangrove forests along the southern Saudi
Arabian Red Sea coast Rendiconti Lincei, 1-9

Ferrara C, Moretti V, Serra P, Salvati L (2015) Towards a sustainable
agro-forest landscape? assessing land degradation (1950-2010)
and soil quality in Castelporziano forest and peri-urban Rome.
Rend Fis Acc Lincei 26:597-604

Franzluebbers AJ, Stuedemann JA (2010) Surface soil changes during
twelve years of pasture management in the Southern Piedmont
USA. Soil Sci Soc Am J 74:2131-2141

Garcia-Ruiz JM (2010) The effects of land uses on soil erosion in
Spain: a review. CATENA 81:1-11

Houghton R, Hackler J, Lawrence K (1999) The US carbon budget:
contributions from land-use change. Science 285:574-578

Irshad M, Ali J, Eneji AE (2015) Chemical properties of soil and
runoff water under different land uses in Abbottabad. Pak
Environ Earth Sci 74:3501-3506

Jaiarree S, Chidthaisong A, Tangtham N, Polprasert C, Sarobol E,
Tyler S (2011) Soil organic carbon loss and turnover resulting
from forest conversion to Maize fields in Eastern Thailand.
Pedosphere 21:581-590

Kussainova M, Durmus M, Erkogak A, Kizilkaya R (2013) Soil
dehydrogenase activity of natural macro aggregates in a
toposequence of forest soil. Eurasian J Soil Sci (EJSS) 2:69-75

Lal R (1990) Soil erosion and land degradation: the global risks. In:
Advances in soil science. Springer, pp 129-172

Leifeld J, Bassin S, Fuhrer J (2005) Carbon stocks in Swiss
agricultural soils predicted by land-use, soil characteristics, and
altitude Agriculture. Ecosyst Environ 105:255-266

Li X, Ma Y, Xu H, Wang J, Zhang D (2009) Impact of land use and
land cover change on environmental degradation in lake Qinghai



Rend. Fis. Acc. Lincei (2017) 28:463-469

469

watershed, northeast Qinghai-Tibet Plateau. Land Degrad Dev
20:69-80

Liu W, Wei J, Cheng J, Li W (2014) Profile distribution of soil
inorganic carbon along a chronosequence of grassland restora-
tion on a 22-year scale in the Chinese Loess Plateau. CATENA
121:321-329

Mohawesh Y, Taimeh A, Ziadat F (2015) Effects of land use changes
and conservation measures on land degradation under a
Mediterranean climate. Solid Earth Discuss 7:115-145

Nelson DW, Sommers LE (1982) Total carbon, organic carbon and
organic matter. In: Klute A (ed) Methods of Soil Analysis. Part
3. Chemical Methods. Madison-USA, Soil Science of America
and American Society of Agronomy, pp 534-580

Pansu M, Gautheyrou J (2007) Handbook of soil analysis: miner-
alogical, organic and inorganic methods. Springer Science &
Business Media, The Netherlands

Parmar D, Thakur D, Jamwal R (2016) Effect of long term organic
manure application on soil properties, carbon sequestration, soil-
plant carbon stock and productivity under two vegetable produc-
tion systems in Himachal Pradesh. J Environ Biol 37:333

Pickup G, Chewings V (1994) A grazing gradient approach to land
degradation assessment in arid areas from remotely-sensed data.
Remote Sens 15:597-617

Quiroga A, Funaro D, Noellemeyer E, Peinemann N (2006) Barley
yield response to soil organic matter and texture in the Pampas of
Argentina. Soil Tillage Res 90:63-68

Recanatesi F (2015) Variations in land-use/land-cover changes
(LULCCs) in a peri-urban Mediterranean nature reserve: the
estate of Castelporziano (Central Italy). Rendiconti Lincei
26:517-526

Rhoades JD (1996) Salinity: electrical conductivity and total
dissolved solids. In: Klute A (ed) Methods of soil analysis. Part
3. Chemical methods. Madison-USA, Soil Science of America
and American Society of Agronomy, p 417

Richard HL, Donald LS (1996) Carbonate and Gypsum. In: Klute A
(ed) Methods of Soil Analysis. Part 3. Chemical Methods. vol
Book Series No.5. Soil Science of America and American
Society of Agronomy, Madison-USA

Ross CW, Grunwald S, Myers DB, Xiong X (2016) Land use, land
use change and soil carbon sequestration in the St. Johns River
Basin, Florida, USA. Geoderma Reg 7:19-28

Sakin E, Deliboran A, Tutar E (2011) Bulk density of Harran plain
soils in relation to other soil properties. Afr J Agric Res
6:1750-1757

Shi Y, Baumann F, Ma Y, Song C, Kiihn P, Scholten T, He J-S (2012)
Organic and inorganic carbon in the topsoil of the Mongolian
and Tibetan grasslands: pattern, control and implications.
Biogeosciences 9:2287-2299

Shukla M, Lal R, Ebinger M (2006) Determining soil quality
indicators by factor analysis. Soil Tillage Res 87:194-204

Singh A, Bordoloi L, Kumar M, Hazarika S, Parmar B (2014) Land
use impact on soil quality in eastern Himalayan region of India.
Environ Monit Assess 186:2013-2024

Staff SS (1999) Soil Taxonomy A Basic of soil classification for
making and interpreting soil survey. USDA Handbook, No: 436.
Washington DC, USA

Teferi E, Bewket W, Simane B (2016) Effects of land use and land
cover on selected soil quality indicators in the headwater area of
the Blue Nile basin of Ethiopia. Environ Monit Assess 188:1-12

Tesfahunegn GB (2013) Soil quality indicators response to land use
and soil management systems in northern Ethiopia’s catchment
Land Degradation & Development

Tsegaye D, Moe SR, Vedeld P, Aynekulu E (2010) Land-use/cover
dynamics in Northern Afar rangelands. Ethiop Agric Ecosyst
Environ 139:174-180

Watson RT, Noble IR, Bolin B, Ravindranath N, Verardo DJ, Dokken
DJ (2000) Land use, land-use change and forestry. A special
report of the Intergovernmental Panel on Climate Change
(IPCC) Cambridge: Cambridge University

Yao MK, Angui PK, Konaté S, Tondoh JE, Tano Y, Abbadie L,
Benest D (2010) Effects of land use types on soil organic carbon
and nitrogen dynamics in Mid-West Cote d’Ivoire. Eur J Sci Res
40:211-222

Zhang J, Fu M, Zeng H, Geng Y, Hassani F (2013) Variations in
ecosystem service values and local economy in response to land
use: a case study of Wu’an, china. Land Degrad Dev 24:236-249

Zhao W, Zhang R, Huang C, Wang B, Cao H, Koopal LK, Tan W
(2016) Effect of different vegetation cover on the vertical
distribution of soil organic and inorganic carbon in the
Zhifanggou Watershed on the loess plateau. CATENA
139:191-198

@ Springer



	Effects of aspect and changes in land use on organic carbon and soil properties in Uludere catchment, semi-arid region: Turkey
	Abstract
	Introduction
	Materials and methods
	Study location
	Soil sampling and laboratory analyses
	Statistical analyses

	Results and discussion
	Conclusion
	References




