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 Abstract 

Article Info 
Land degradation especially as a result of the rapid increase in demand and 
pressure in the population, have emerged as one of the most important 
problems. Many model approaches, especially regarding land degradation and 
desertification, have been developed and continue to be developed on the 
world. The MEDALUS (Mediterranean Desertification and Land Use) which is 
one of the famous models has been developed for an environment assessment 
program contributed to by 31 groups and 10 countries in 1999. This model 
includes the Environmental Sensitive Areas (ESA) index include climate, soil, 
land use-land cover, and management index. This current study aims to 
evaluate the soil quality indexes by using the total data set (TDS) and minimum 
data set (MDS) of the lands in Konya Basin, which is an arid and semiarid 
terrestrial ecosystem, with MEDALUS approach. The TDS consisted of nine soil 
quality parameters measured on 1019 samples: pH, Electrical Conductivity 
(EC), Organic Matter (OM), texture, CaCO3, depth, parent material, and slope. In 
addition, Principal components analysis (PCA) was used to determine which 
parameters were to be selected in the MDS. The MDS parameters consisted of 
slope, pH, OM, CaCO3. After those process, different interpolation models in 
order to create spatial distribution maps of parameters and SQI (Soil Quality 
Index). Results classified 13.59% of the total area has as low, while 84.110% of 
the study area’ soil indicated area moderate by the SQI in terms of. Accordingly 
MDS, it was determined that 80.41% of the study area was in the medium-
quality category, while only 2.01% was in the high-quality category. In the 
study area, minimum data set is seen that similar to the soil quality distribution 
in the total data set. 
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Introduction 
In the last century, land degradation and desertification, especially as a result of the rapid increase in 
demand and pressure in the population, have emerged as one of the most important and irreversible 
environmental problems. This degradation leads to the loss of biological and economic productivity by the 
soil losing its functional property, which is one of the most important elements of the terrestrial ecosystem.  

Land degradation is defined as the loss or reduction of biological and economic productivity resulting from 
land use in irrigated agricultural lands or pasture, forest, and scrublands in agricultural production 
dependent on rainfall or from human activities and natural consequences (United Nation, 1994). Major 
processes of land degradation are particularly the consequences of soil and vegetation degradation.  When 
combined with excessive biophysical and socio-economic damages in arid areas, land degradation causes 
irreversible consequences leading to desertification. Therefore, land degradation is an environmental threat 
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not only on a local or regional scale but also on a continental or even a global scale. According to the United 
Nations Convention to Combat Desertification (UNCCD, 2017), it has been estimated in recent studies that 1 
to 6 billion hectares of land have already been degraded. In addition, according to estimates, this 
environmental problem will directly or indirectly threaten the welfare of more than 3 billion people in the 
world (IPBEE, 2018). Desertification is the degradation and impoverishment of arid and semi-arid terrestrial 
ecosystems as a result of climatic conditions and human activities (Kosmas et al., 1999a). Therefore, 
desertification and land degradation are among the most important problems of all countries. Accurately 
identifying areas susceptible to land degradation and desertification caused by both natural reasons and 
human activities is quite difficult due to the complex structure of nature. But despite all this difficulty, thanks 
to the recent scientific and technological developments, significant progress has been made as a result of 
studies that especially identify the characteristics of soils and reveal their spatial distribution. Many model 
approaches, especially regarding desertification and land degradation, have been developed and continue to 
be developed. As some examples of these approaches, (FAO-UNEP, 1984), model Turkmenistan (Babaev, 
1985), GLASOD (Oldeman et al., 1991), DPSIR-FRAMEWORK (GIWA, 2001) can be given.   

Another approach to identify areas susceptible to land degradation and desertification is the MEDALUS 
(Kosmas et al., 1999b) model. In order to investigate the negative effects of desertification and to take 
precautions, Mediterranean countries developed the project MEDALUS (Mediterranean Desertification And 
Land Use, (Kosmas et al., 1999b) carried out by the European Commission. Within the scope of the 
MEDALUS model, the environmentally sensitive areas index (ESA, Environmental Sensitive Areas) for 
sensitive areas at risk of desertification has been developed. The components that make up the ESA index 
are climate, soil, land use, and management (Bayramin, 2003; Salvati and Zitti, 2005).  The MEDALUS model 
is widely used in many countries as it successfully yields the most dangerous areas regarding land 
degradation (De Paola et al., 2013; Allouche and Gad, 2014; Symeonakis et al., 2014; Prăvălie et al., 2017; 
Uzuner and Dengiz, 2020). The soil quality index in the MEDALUS model is one of the frequently used indices 
(Ozşahin et al., 2017). Studies are carried out on the soil quality index used in this model (Bayramin, 2003; 
Dengiz et al., 2004; Sepehr et al., 2007; Contador et al., 2009; Lahlaoi et al., 2017; Budak et al., 2018; Demirağ 
Turan et al., 2019).  

Turkey is a country that is faced with land degradation and desertification at a significant level. We can list 
these risks as climate, topography, geology, vegetation, the characteristics of arable or non-arable land, 
pasture and forest areas, pasture grazing practices (overgrazing by sheep, goats, and cattle), arable land 
management, erosion, and population growth (Uzuner and Dengiz, 2020). In the study they carried out using 
48 indicators and 37 sub-indicators, Türkeş et al. (2020) concluded that 12.7% of the land in Turkey was in 
the low-risk group, 53.2% in the medium-risk group, and 25.5% in the high-risk group. At least 15% of sub-
basins of Konya closed basin are at high risk of desertification (Türkeş et al. 2020). Besides, 32.2% of 
Turkey's total land is in the low and very low category in terms of soil quality (Uzuner and Dengiz, 2020). 

A total data set is formed with the parameters considered while determining the soil quality index. However, 
the minimum data set is created by making use of some approaches apart from the total data set in terms of 
time, cost and workload, especially obtaining data from large geographical areas in a short time. Moreover, 
Şeker et al (2017) reported that the use of minimum data sets in determining soil quality factors gives the 
best results in terms of economy, labor, and data quality produced. One of the most commonly used 
approaches to create a minimum data set is principal components analysis. Principal components analysis is 
widely used in order to reduce criteria in different areas (Shukla et al., 2006; Karaca et al., 2021). In this 
context, while Şenol et al. (2020) created minimum data set with soil texture, penetration resistance, 
available water capacity, pH, and some plant nutrient elements for SQI, Uzner and Dengiz (2020) used soil 
texture, parent material slope, depth, drainage and coarse material as soil indicators for SQI based on 
MEDALUS 

Semi-arid and arid areas, which are more vulnerable to environmental variations and are therefore more 
fragile, constitute about 65% of the total surface area of Turkey. These areas will be at higher risk of 
degradation in the near future because drought periods will be more frequent and severe due to global 
climate change (Kadıoğlu, 2012). The average annual precipitation is 300-350 mm in the region except for 
the southern parts of the Konya closed basin (İnan et al., 2006). In addition, Orhan and Ekercin (2015) 
reported that it was determined that surface temperature values increased between 2.00-3.00 °C in Konya 
closed basin between 1984 and 2011. In this sense, Konya Basin is getting sensitive from climate change and 
anthropogenic effects. This study aims to i) evaluate the soil quality indexes ii) compare SQI of the total and 
minimum data set of the lands in Konya Basin with MEDALUS approach.  
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Material and Methods 
General features of the study area 

Konya Basin has an area of approximately 53,850 km². The study area constitutes a considerable part of 
Central Anatolia. It is located between 36° 55' 15” - 39° 29' 15'' north latitudes and 31° 19' 26” - 35° 03' 38'' 
east longitudes and within the administrative borders of Konya, Ankara, Nevşehir, Aksaray, Niğde, Karaman, 
Mersin, Antalya, and Isparta (Figure 1). Its altitude varies between approximately 800-3400 m above sea 
level.  

 
Figure 1. Location map of the study area 

The fact that a decrease of 20-25 mm has been recorded in the basin compared to the normal rainfall over 
the years shows that the climate character has shifted from semi-arid climate type to arid climate type (Şen 
and Başaran, 2007). Average temperatures in the basin vary between -0.4°C and 23°C annually (Yılmaz, 
2010). 

The land use/land cover distribution map of the study area according to CORINE 2018 is given in Figure 2, 
and the spatial and proportional distributions are given in Table 1 (European Environment Agency, 2018). 
Accordingly, the highest distribution is sparsely vegetated areas with an area of 8.625 km². Green urban 
areas, sport and leisure facilities, rice fields, beaches, dunes, sands, and watercourses are the categories that 
take up the least space in the study area (Table 1). 

 
Figure 2. CORINE 2018 land use / land cover map of the study area. 

http://ejss.fesss.org/10.18393/ejss.912986
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Table 1. Area and proportional distributions of CORINE 2018 land use / land cover 
Land use/ Land cover km² % Land use/Land cover km² % 

Continuous urban fabric 36 0.07 Complex cultivation patterns 3245 6.03 

Discontinious urban fabric 1012 1.88 Land principally occupied by agriculture 
with significant areas vegetation 

4355 8.09 

Industrial or commercial units 349 0.65 Broad-leaved forest 254 0.47 
Road and rail networks and 
associated land 

27 0.05 Coniferous forest 439 0.82 

Airports 32 0.06 Mixed forest 161 0.30 
Mineral extraction sites 24 0.04 Natural graslands 7271 13.50 
Dump sites 20 0.04 Sclerophylous vegetation 955 1.77 

Construction sites 51 0.09 Transitional woodland/shrubs 3922 7.28 
Green urban areas 3 0.01 Beaches, dunes, sands 5 0.01 

Sport and leisure facilities 4 0.01 Bare rocks 483 0.90 
Non-irrigates arable land 2642 4.91 Sparsely vegetated areas 8625 16.02 
Permanently irrigated arable land 7795 14.48 Inland marshes 498 0.92 
Rice Fields 5 0.01 Salt marhes 3616 6.71 

Vineyards 141 0.26 Salines 98 0.18 
Fruit trees and berry plantations 261 0.48 Water courses 4 0.01 
Pastures 4460 8.28 Water bodies 3057 5.68 
   Total 53850 100 

Soil samples and physical and chemical analyses of soils 

Considering the topographic structure and land use status of the land, 1091 soil samples were taken 
randomly to represent each type of land and different topographic features (Figure 3). Soil depth at the 
sampling points was determined with the help of a auger. Soils were pounded and sieved through a 2-mm 
sieve to prepare them for physical and chemical analyses. The texture properties of soils were determined 
according to the Bouyoucos hydrometer method (Bouyoucos, 1962); soil reaction (pH) and electrical 
conductivity (EC) were with a glass electrode pH meter in the prepared 1: 2.5 soil-water mixture (Soil 
Survey Staff, 1992); lime contents were determined by Scheibler calcimeter (Soil Survey Staff, 1992); the 
organic matter was determined by the Walkley-Black method modified by Jackson (Jackson, 1958).  

 
Figure 3. Soil sampling pattern on the study area 

The slope map of the study area was produced from the digital elevation model with a scale of 1:25.000. In 
addition, the parent material parameter was determined by digitizing the 1: 25.000 scaled geology maps 
prepared by the General Directorate of Mineral Research and Exploration.  

Interpolation methods were used to determine the spatial distribution of soil parameters and soil quality 
index for each point. Among the most used interpolation methods, deterministic methods of inverse distance 
weighting (IDW), radial basis functions (RBF), and kriging/cokriging methods from stochastic methods were 
preferred. The most commonly used methods in comparison of methods are root mean square error (RMSE), 
mean absolute error (MAE) are methods. For this study, RMSE was preferred, and 15 methods used for 
interpolation were compared. The method that yielded the lowest RMSE value was evaluated as the most 
suitable method. The following formula was used in the calculation of RMSE: 

http://ejss.fesss.org/10.18393/ejss.912986
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In the equation,  iZ  is estimated value, *i
Z  is the measured value and n  refers to the number of samples. 

Determination of soil quality index  
The geometric mean of the scores obtained by soil quality index parameters included in the MEDALUS model 
helps determine the sensitivity of the lands to desertification. If the parameters defined in an area take high 
values, that land is defined as highly sensitive to desertification (Kosmas et al., 1999b). In this present study, 
besides the indicators for determining the soil quality index in the MEDALUS model, parameters such as 
organic matter, lime, electrical conductivity, and pH were added in order to increase the sensitivity in soil 
quality index value. The pH and lime content of soils were included in the soil quality index due to their 
effects on the usefulness of nutrients, organic matter content, and physical, chemical and biological 
properties of the soil. In addition, the EC parameter was added due to its effect on healthy plant growth. The 
scoring of these added soil properties was made using the studies of Kosmos et al. (1999b) (Table 2). 
Table 2. Parameters and their index values used for SQI according to Kosmas et al. (1999b) 

 Classes Evaluation Description İndex 
Texture 1 Very Good L 1.0 

2 Good SCL, SiCL, CL 1.2 
3 Moderate SL, SiL, LS 1.5 
4 Low SiC, C, SC 1.7 
5 Very Low S, Si ve More than 60% Clay 2.0 

Parent 
Material 

1 Good Shale, schist, basic and Ultra basic rocks 
conglomerates non-cemented materials 

1.0 

2 Moderate Limestone, marble, granite, rhyolite, lgnibrite, 
gneiss, silt stone, sandstone 

1.7 

3 Low Marl (for perennial plants the marl score should be 
1.0), pyrosilicates 

2.0 

Slope (%) 1 Slightly slope and flat < % 6 1.0 
2 Slightly slope %6-18 1.2 
3 Steeply slope %18-35 1.5 
4 Very Steeply slope > % 35 2.0 

Depth (cm) 1 Deep >75 cm 1.0 
2 Moderate 75-30 cm 1.33 
3 Shallow 15-30 cm 1.66 
4 Very shallow < 15 cm 2.0 

EC (dS/m) 
(Bakr et al., 
2012) 

1 Good <1.2 1.0 
2 Slightly 1.2-2,5 1.2 
3 Moderate 2.5-4,5 1.5 
4 Saline 4.5-9,0 1.7 
5 Very saline >9.0 2.0 

pH  
 

1 Very Strogly Acidic < 5.0 2.0 
2 Strongly Acidic 5.1-5,5 1.8 
3 Moderate Acidic 5.6-6,0 1.6 
4 Light Acidic 6.1-6,5 1.2 
5 Neutral 6.6-7,3 1.0 
6 Slightly alkaline 7.4-8,0 1.2 
7 Moderate Alkaline 8.1-8,5 1.6 
8 Strongly Alkaline >8.5 2.0 

OM (%) 1 Very High >4.0 1.0 
2 High 3.0-4,0 1.2 
3 Moderate 2.0-3,0 1.4 
4 Low 1.0-2,0 1.6 
5 Very Low 0.5-1,0 1.8 
6 Exremely Low <0.5 2.0 

CaCO3 (%) 

1 Very Less calcareous 0-2 1.4 
2 Less calcareous 2-4 1.2 
3 Moderate calcareous 4-8 1.0 
4 Calcareous 8-15 1.2 
5 Very Calcareous 15-30 1.6 
6 Excessively Calcareous >30 2.0 

n

zz
RMSE

ii

2)( * 

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The following formula is used for the soil quality index: 

SQITDS= (Texture * Main material * Slope * Depth * pH * OM * Lime * EC)1/8 

In the calculation of the soil quality index, the total data set including texture, parent material, slope, depth, 
pH, OM, lime, and EC were considered. From the total data set obtained, thematic maps were created 
separately for the parameters, and then the soil quality distribution of the study area was made by 
calculating with the geometric mean. After this process, the minimum data set was created with the help of 
principal components analysis (Doran and Parkin, 1994; Qi et al., 2009; Nabiollahi et al., 2017). As a result of 
the analysis, groups with eigenvalues equal to or greater than 1 were accepted as factors, and the critical 
factor load was taken as 0.5 (Wander and Bollero, 1999; Andrews et al., 2002). For each factor, it was 
determined that soil parameters with high factor loads are the most representative parameters and have 
absolute values at 10% of the highest factor load (Sharma et al., 2005; Govaerts et al., 2006).  

Results and Discussion 
Determination of interpolation model for spatial distribution 

Knowing the soil quality is important in terms of determining both desertification and land degradation and 
sustainable land use and soil management practices. While considering the parameters for soil quality, some 
physicochemical analyses were made on the 1019 soil samples collected from the study area.  The lowest 
RMSE values among the 15 interpolation models in order to create spatial distribution maps of parameters 
considered are given in Table 3. Accordingly, for EC and pH, the Gaussian model of Natural Kriging was 
determined to be suitable, while RBF Completely Regularized Spline model was considered suitable for OM. 
RBF Spline With Tension was determined for lime, and a simple Kriging Spline With Tension model was 
identified for texture.  

Table 3. Interpolation models and RMSE values applied for parameters. 

Interpolation models  Soil Parameters 
EC pH OM CaCO3 Texture 

Inverse Distance 
Weighing (IDW) 

IDW-1 0.903 0.615 0.974 13.544 0.237 
IDW-2 0.913 0.628 1.026 13.773 0.246 
IDW-3 0.953 0.651 1.079 14.316 0.257 

 
Radial Basis Function 
(RBF) 

TPS 28.111 0.903 3.957 24.478 0.426 
CRS 0.894 0.613 0.973 13.245 0.260 
SWT 0.891 0.615 0.975 13.217 0.252 

 
 
 
Kriging 

Ordinary Gaussian 0,877 0.611 1.008 14.058 0.235 
Spherical 0,887 0.618 1.006 13.329 0.233 
Exponential 0,881 0.617 1.008 13.607 0.234 

Simple Gaussian 0.901 0.626 0.989 14.080 0.234 
Spherical 0.902 0.622 0.976 13.231 0.232 
Exponential 0.906 0.621 0.982 13.695 0.233 

Universal  Gaussian 0.878 0.627 1.008 14.058 0.235 
Spherical 0.887 0.612 1.006 13.329 0.233 
Exponential 0.881 0.617 1.008 13.607 0.234 

TPS:ThinPlateSplin, CRS: CompletelyRegularizedSpline, SWT: SplineWithTension OM: Organic matter, EC: Electrical 
Conductivity, CaCO3 : Lime 

The spatial and proportional distributions of the parameters in the study area are given in Table 4, and the 
distribution maps are presented in Figure 4. Accordingly, 23.8% of the study area consists of deep soils. 
Deep soils spread over the lands in the basin base of the study area (Figure 4). An area of 42.3 km² is in the 
medium category as the parent material. The medium category is widespread except in the south and 
southwest parts of the study area (Figure 4). In terms of texture, 62.9% of the study area is in the good 
category, and in terms of the OM index category, 78.8% is in the very low category. 4.6 km² area of the basin 
is in the very steep slope category and is spread over the mountainous areas surrounding the study area 
(Fig. 4). 74% of the basin is in the good category in terms of EC. 63.2% of it constitutes a very calcareous area 
(Table 4). The lime ratio is quite high on the basin floor. In addition, it is in the medium alkaline category in 
terms of pH, excluding the local areas in the east and west of the basin. This area constitutes approximately 
74.4% of the area.  
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Table 4. Spatial and proportional distributions of the study area soil parameters 

Soil depth 
index 

Area Parent 
material 
index 

Area 
Texture 
index 

Area 
OM 
index 

Area 

km² % km² % km² % km² % 

1.0: Deep 12.8 23.8 
1.0: 
Good 

11.6 21.5 
1.00: Very 
good 

16.5 30.6 
1.2: 
High 

0.8 1.5 

1.33: 
Moderate 

17.4 32.4 
1.7:  
Moderate 

42.3 78.5 1.2: Good 33.9 62.9 
1.4: 
Moderate 

 
9.9 

 
18.3 

1.66: Shallow 9.9 18.4    
1.5: 
Moderate 

3.3 6.1 
1.8: 
Very low 

42.5 78.8 

2.0: Very 
shallow 

13.7 25.5    1.7:Low 0.2 0.4 
2.0:Extremely 
low 

0.7 1.3 

Total 53.9 100.0  53.9 100.0 Total: 53.9 100.0 Total 53.9 100.0 

EC  index 
Area 

pH index 
Area Slope 

index 

Area 
Lime index 

Area 

km² % km² % km² % km² % 

1.0:Good 39.9 74.1 
1.2: 
Slightly 
alkaline 

12.9 23.9 
1.0:Slightly 
slope and 
flat 

31.7 58.8 
1.2: 
Less 
calcareous 

6.2 11.5 

1.2:Slightl 12.2 22.7 
1.6: 
Moderate 
alkaline 

40.1 74.4 
1.2:Slightly 
slope 

10.6 19.7 
1.6: Very 
calcareous 

13.6 25.3 

1.5:Moderate 1.8 3.2 
2.0: 
Strongly 
alkaline 

0.9 1.7 
1.5: Steeply 
slope 

7.0 13.0 
2.0: 
Excessively 
calcareous 

34.0 63.2 

1.7:Saline 0.0 0.0    
2.0: Very 
steeply 
slope 

4.6 8.5    

Total 53.9 100.0  53.9 100.0 Total 53.9 100.0  53.9 100.0 

Distribution of the soil quality index in the Basin 

According to the MEDALUS model total soil quality index, soil texture, parent material, slope, depth, EC, pH, 
organic matter, and lime parameters were used. Soil texture is thought to have a significant impact on soil 
quality. Soil texture affects soil water content and soil temperature (Chodak and Niklińska, 2010; Sugihara et 
al., 2010). Vinhal-Freitas et al. (2013) concluded in their study on Brazilian agricultural lands that soil 
texture plays an important role in soil quality indicators in Brazilian agricultural lands. Also Juhos et al. 
(2019) examined soil quality in agricultural lands in Central Europe by evaluating soil texture, groundwater 
table level, soil organic carbon, pH, calcium carbonate, electrical conductivity, sodium, nitrogen, phosphorus, 
potassium, sulfur, magnesium, copper, zinc, and manganese properties. In addition, by performing the 
principal components analysis in this study, soil texture, groundwater table level, soil organic carbon, pH, 
sodium, potassium, phosphorus, and zinc were determined for the minimum data set. The texture parameter 
indices in the study area varied between 1.0 and 1.7 (Figure 4). It was determined that the texture category 
with a 1.2 index value showed wider distribution in the study area.  Soils with this index value do not cause 
erosion by the surface flow of water reaching the soil with irrigation and rain. This shows that the resistance 
to desertification is high.  

The parent material parameter index values were defined using the geological map of the study area. İn the 
study they conducted, Allouche and God (2014) evaluated the parent material, soil texture, depth, and slope 
characteristics while determining the soil quality in terms of water movement in the soil and its resistance to 
erosion. They concluded that 62.5% of the parent material in the study area was at a medium level in terms 
of soil erosion. Shale, schist, basic and ultrabasic rocks, and conglomerates and non-cemented materials 
were classified as good (1.0), while limestone and marble were classified as quite hard, and the parent 
materials such as granite, rhyolite, ignimbrite, gneiss, siltstone, and sandstone, which constitute soils with 
generally acidic character and low nutrient content when decomposed, were classified as medium (1.7). In 
the study area, the medium index value of the main material covers the most (42262 km²) area (Figure 4, 
Table 4).  
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Figure 4. Distribution maps of soil parameters of the study area 
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It is known that the slope parameter affects the variation of soil quality (Ayoubi et al., 2014; Fu et al., 2004; 
Raiesi, 2017; Khormali et al., 2019). Nabiollahi (2018) conducted field measurements in order to identify the 
effects of the slope on soil quality in agricultural lands. They reached the conclusion that low soil quality 
values were determined on slopes with high slope values and where land use was converted to agriculture, 
and that soil quality should be restored by adopting sustainable practices and abandoning excessive grazing 
in these areas. In their study, Paz-Kagan et al. (2016) revealed the soil quality by determining the physical, 
chemical, and biological properties of the soil. They investigated the effect of slope, exposure, land use, 
vegetation, and grazing density on soil quality, and the effects of each factor on the study areas were 
determined. Areas with severe erosion as a result of heavy and torrential rains are areas with high slope. 
While the agricultural lands on the floor of the Konya plain have low index values, the slope values increase 
in the high areas that form the surrounding forest areas (Figure 4). While 31.670 km² (58.812%) of the 
study area is comprised of the areas where the slope values representing the plain floor are low, 4.600 km² 
(8.542%) of it has very steep slope values (Table 4). 

Soil depth is important in terms of showing the stage of desertification. In many soil quality studies, soil 
depth has been taken as an important indicator of desertification (Mijangos and Garbisu, 2010; Salvati et al., 
2011; Kladivko et al., 2014; de Paul Obade and Lal, 2016; Prăvălie et al., 2017). The European Environment 
Agency has mapped the soil quality of some southern European states using parameters based on the parent 
material, soil depth, texture, and slope (European Environment Agency, 2009). Kosmas et al. (1999b) stated 
in his study that soil depth decreases especially in arid/semi-arid lands, in areas vulnerable to erosion, or 
areas with heavy rainfall. The decrease in soil depth causes soil quality to decrease. 43,891 km² of the study 
area, which is characterized by a semi-arid climate, has a shallow and very shallow index value (Figure 4, 
Table 4). The distribution of very and very shallow soils is observed in the mountainous areas around the 
Konya plain. On the floor land where the slope degree decreases towards the middle of the basin, deep soils 
are prevalent (Figure 4). 

Using water that is not of suitable quality for irrigation or wrong irrigation techniques especially leads to 
land degradation and desertification through the salinization of agricultural land. As Kosmos et al. (1999a) 
has pointed out, increased concentrations of salts reduce the natural vegetation and weaken the functioning 
ability of soils.  Increasing population, excessive agricultural activities, unconscious and excessive use of 
fertilizers, flood irrigation and the salt content of the water used to increase the salinity problems in the 
soils. Determination of soil's electrical conductivity (EC) is an important factor in revealing the soil character 
(Corwin and Lesh, 2005). Corwin et al. (2006) evaluated the management in soil quality with electrical 
conductivity (EC) values at soil sampling points in the study they conducted in central California. The results 
obtained in this research were an assessment of drainage water reuse and practices for EC on soil quality in 
central California. In their study, Johnson et al. (2001) determined the quality status and appropriate 
management system according to the EC category. According to the map obtained by the salinity indexes in 
the study area, there is no process as salinity causing desertification in the study area (Figure 4). 74.065% of 
the study area is in the good category in terms of salinity. Especially the south of Tuz Gölü (Salt Lake) in the 
study area is in the saltier category in terms of salinity.   

Soil pH is a significant soil parameter that plays a role in biotic and abiotic properties in the soil, especially in 
the nutrition of plants and affecting the usefulness of nutrients. In generally arid and semi-arid regions with 
high pH soil, the high calcium ions in the environment react with phosphates, and thus, plants are unable to 
take them (Sanyal and De Datta, 1991). Callesen et al. (2019) revealed the relationship between soil quality 
indicators, pH, and sustainable forest management in Northern and Baltic forest soils.  In the study 
conducted by Cotching and Kidd (2010), pH, organic carbon, extractable phosphorus, changeable sodium 
percentage, and aggregate stability were selected as soil quality indicators. According to the index values, it 
is seen that there are many problematic areas in the study area (Figure 4). The majority of the study area, 
74.377%, show a medium-alkaline property. In addition, the east of the study area and a portion of the 
western parts (0.932 km²) were determined to have high alkaline properties.   

The chemical properties of the soil are very important in terms of yield and plant health (Franzluebbers and 
Stuedemann, 2009; Bhogal et al., 2011). Among the chemical properties, lime is an important parameter in 
terms of determining the usefulness of plant nutrients. Lime parameter is also used in soil quality studies 
(Abuzaid et al., 2021; Karaca et al., 2021). In their study, Santos-Francés et al. (2019) classified the indicators 
for soil quality as the best value, less good and optimal value. They stated that the lime content of 15% was 
the most suitable value. When we look at the distribution of lime in the study area, it is seen that the 
excessively calcareous soils cover an area of 34,020 km² (63.175%). These areas are in the bottomlands of 
the study area.  
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By evaluating all parameters together, a distribution map in the study area was produced with the soil 
quality index algorithm used in the MEDALUS method (Figure 5). Accordingly, while 45.293 km² (84.110%) 
of the study area has medium quality, 13.59% of it has low quality soil distribution (Table 5). 

 

 
Figure 5. Soil quality map according to the total data set of the study area 

 

Table 5. Soil quality index areal and proportional distribution of the study area 

Class Decription index Area(km²) Ratio (%) 

1 High >1.13 1.235 2.293 
2 Moderate 1.14-1.45 45.293 84.110 

3 Low 1.46 < 7.322 13.597 
   53.850 100.000 

In addition, a minimum data set was created in order to determine the most effective ones among the 
selected indicators, principal components analysis was performed in this regard. As a result, groups with 
eigenvalues equal to or greater than 1 were accepted as factors. 4 factors with eigenvalues greater than 1 
were determined. According to the results obtained, 71.34% of the total change is explained by these factors 
(Table 6). When more than one indicator under a single factor has a high load, the correlation coefficient is 
checked for the minimum data set (Andrews et al., 2002). Variables with good correlations with each other 
are considered redundant, and one is considered for the minimum data set. In this study, when choosing the 
loads for the factors, the correlations between them were also examined (Table 7). The slope for the 1st 
factor after Varimax conversion has high loads. OM was the property with the highest load for factor 2, lime 
for factor 3, and pH for factor 4. Similarly, in the study conducted by Santos-Francés et al. (2019), lime and 
pH were found to be parameters with high factor loading. In their study, Karaca et al. (2021) formed the 
minimum data set of 26 parameters that they considered for soil quality from 8 parameters including OM 
and EC parameters.    

Tablo 6. Results of Principal component for soil properties 

Principal component                    1                 2                  3                 4 
Eigenvalue 1.590 1.220 1.100 1.000 
Percent 27.590 23.350 21.830 20.560 
Cumulative percent 29.590 44.950 58.780 71.340 

Eigenvectors 
Texture 0.237 -0.412 0.541 0.449 
Parent Material -0.509 -0.227 -0.179 -0.340 
Slope 0.743 -0.008 -0.043 -0.116 
pH 0.058 0.369 -0.416 0.612 
CaCO3 -0.160 0.369 0.725 -0.235 
OM -0.078 0.816 0.010 -0.096 
EC -0.346 0.167 0.278 0.460 
Deep 0.738 0.200 0.068 -0.154 

 Bold factor loadings selected as MDS.  
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Table 7. Correlation matrix of parameters 

 Texture Parent Material Slope pH CaCO3 OM EC Deep 

Texture 1.000***        
Parent Material -0.053*** 1.000***       
Slope 0.089** -0.174** 1.000***      
pH -0.202** 0.010** 0.008**   1.000**     
CaCO3 -0.263** 0.111** -0.284** 0.223** 1.000***    
OM -0.208** -0.009** -0.169** -0.001* 0.232** 1.000***   
EC -0.061** 0.112** -0.148** -0.079* 0.106** 0.200** 1.000**  
Deep -0.037** -0.290** 0.436** -0.050* -0.153** -0.035** -0.222** 1.000 
*: p<0.05 level of significance, **: p<0.01 level of significance 

The soil quality map for the minimum data set obtained was created by using an algorithm in the MEDALUS 
method again.  

SQIMDS= (Slope * pH * OM * Lime)1/4  

A soil quality distribution map was prepared in line with the MEDALUS model with the minimum data set 
(Figure 6). Accordingly, it was determined that 43.30 km² (80.41%) of the study area was in the medium-
quality category, while 1.08 km² (2.01%) was in the high-quality category (Table 8). In the study area, it is 
seen that the soil quality is low in Konya and Karaman provinces, similar to the soil quality distribution in 
the total data set. It was determined that there was significant parallelism between the soil quality maps 
created with both the total data set and the minimum data set obtained in line with the MEDALUS method.  

 

 
Figure 6. Soil quality map according to the minimum data set of the study area 

 

Table 8. Soil quality index areal and proportional distribution according to the minimum data set of the study area 

Class Decription index Area (km²) Ratio (%) 

1 High >1.13 1.08 2.01 
2 Moderate 1.14-1.45 43.30 80.41 
3 Low 1.46 < 9.47 17.59 
   53.85 100.00 

Conclusion 

Detailed soil quality studies are very important for sustainable soil management and determination of land 
degradation-desertification sensitivity. With this study, some physical and chemical properties of the soils in 
Konya Basin, which is a semi-arid region, were determined, and their distribution in the study area was 
identified by using interpolation methods. The soil quality index, which is an important component of the 
MEDALUS method, was determined both through the indicators included in the model and by adding some 
parameters that play important roles in the productivity functions of soils, and quality index categories of 
the study area were identified. Accordingly, 84.110% of the study area is in the medium category in terms of 
soil quality. The area of 7.322 km² has low soil quality, and 1.235 km² has high soil quality. Soil quality is 
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lower around the settlements in the study area. In addition, the minimum data set was created with 
principal component analysis, and with the four parameters obtained, the soil quality distribution map was 
re-produced. Accordingly, 80.41% of the study area is in the medium category in terms of soil quality. 9.47 
km² of the area has low soil quality, and 1.08 km² has high soil quality. When the soil quality index obtained 
from the total and minimum data sets was compared, it was determined that the compatibility was 
significantly high. 

The results of this study are very important not only for regional scale but also for both nationally and 
internationally in terms of desertification. The results obtained can guide practices in this area in order to 
both minimize and reduce desertification processes. With this method, which allows the addition and 
subtraction of different parameters, by using different parameters in different areas, the soil quality risk 
studies on the scale of the basin can be pioneered.  
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