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Abstract. The aim of this study is to develop the land quality index (LQI) based on expert opinion and 

multi-criteria decision support approaches for agricultural lands. The study was conducted on 8 soil series 

and 20 land units belonging to the lands of Ankara-Güvenç Basin, Turkey which covers about 17.5 km2, 

representing the ecological conditions of a semi-arid climate. In this research, 9 main indicators were 

chosen including depth, slope, stoniness, bulk density (BD), texture, electrical conductivity (EC), pH, 

organic matter (OM) and CaCO3. Analytical Hierarchical Process (AHP) method was used a pairwise 

comparison of indicators. As a result of the LQI assessment, while 17.14% of the lands were classified as 

“High” and 37.41% Moderate, the agricultural quality class of 41.55% of the studies land was determined 

as “Low” and “Very Low” and mapped in GIS. In this study, it was determined that the final index value 

of the land was affected by depth (24.2%), slope (21.1%) and bulk density (16.6%) indicators with high 

weight coefficients. In addition, the values of the LQI were compared with Normalized Difference 

Vegetation Index (NDVI) values for testing and it has been determined that land quality assessment for 

agricultural usage has been performed with high accuracy for NDVI (r2 = 0.74%). Finally, the results of the 

study showed that the LQI was achieved for micro basin scale under semi-arid climate conditions. 
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Introduction 

Sustainable agricultural production is most important target of agricultural policies of 

developed or developing countries (Kumar and Jhariya, 2015). In the line with this target, 

these policies aim to balance the soil with the requests of the product to be grown and to 

ensure the long-term efficiency by optimizing the resource utilization (Joshua et al., 

2013). To achieve these aim and objectives, the determination of land quality in the 

planning of sustainable agricultural practices has been one of the important ecological 

approaches in the World (Xue et al., 2019). Land quality is defined as the capacity of the 

functions resulting from the nature of the soil within a certain ecosystem and depending 

on its use under a certain management (Karlen et al., 2013). The determination of this 

capacity requires a multi-decision approach that requires the standardization and 

weighting of the effects of many factors that affect each other, such as physical, chemical, 

morphological, topographic and climatic soil characteristics, which are interrelated and 

differentiated (Mokarram and Mirsoleimani, 2018). Many methods have been developed 

for land quality assessment, from qualitative or semiquantitative visual approaches 

(Shepherd, 2009) to quantitative methods based on laboratory analysis and calculating 

land quality index using mathematic and statistical methods (Karlen et al., 1998; Imaz et 

al., 2010; Askari and Holden, 2014). The indexing methods are most commonly used 

(Rahmanipour et al., 2014), usually integrating several indicators associated with soil 

functions appropriate to the intended use into a quantitative factor that can be used for 

multi-criteria decision making (Karlen et al., 1998). Thus, AHP (Saaty, 1980), which is 

the Multiple Criteria Decision Analysis, is preferred in the evaluation of multiple - 
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heterogeneous factors (Ceballos and Lopez, 2003; Malczewski, 2006; Dengiz and 

Sarıoğlu, 2013; Akıncı et al., 2013; Askari and Holden, 2014; Xue et al., 2019; Özkan et 

al., 2019). AHP is a decision-supported method that divides complex multiple-factor 

problems into a hierarchical structure (Yang et al., 2008). At the same time, integration 

of analytical models with geographic information system (GIS) is reliably used by 

researchers in the production and interpretation of LQI maps (Malczewski, 2006; Yalew 

et al., 2016). The LQI is commonly developed using a four-step process: indicator 

selection, indicator standardization and scoring to sub criteria, weighting of indicators 

according to importance level, and calculation of scores into a model (Andrews et al., 

2004; Askari and Holden, 2014; Xue et al., 2019). But there is no comprehensive LQI 

that can be used as a universal method across regions and scales (Zhang et al., 2004), and 

many LQI have been developed for specific purposes and index are usually valid under 

particular environmental conditions (Imaz et al., 2010; Askari and Holden, 2014). Thus, 

it can be unexpected that there is index that can determine the land and soil characteristics 

for all geographies, type of usage and plant species for land quality (Bydekerke et al., 

1998; Store and Kangas, 2001). At the same time, it is not practically possible to develop 

a model that can represent all ecological variables and sociocultural habits, but in theory 

it is not economic in terms of time, labor and cost (Doran and Parkin, 1996). Therefore, 

similar studies should be conducted to determine the quality of agricultural lands under 

different management systems in Turkey (Dengiz et al., 2014). In this study, it was aimed 

to develop an agricultural land quality index which is genuine to the semi-arid terrestrial 

climate ecology of Central Anatolia and applicable in the similar geographies by using 

the expert opinion and AHP approaches. In addition to that, the land of the region was 

mapped in GIS environment by scoring quality of the basin lands. At the same time, the 

success of the developed index was tested by comparing the plant density values derived 

from Sentinel 2A satellite image. Finally, the quality map was produced in GIS 

environment to decision makers and agricultural policy producers to be a base for land 

management planning. 

Materials and Methods 

Field description and study 

Güvenç Basin is located between 40° 08′ 39″ - 40° 06′ 13″ North latitudes, 32° 44′ 39″ 

- 32° 47′ 59″ East longitudes in the Ankara province of Central Anatolian, Turkey 

(Fig. 1). The total area of the basin is 17.5 km2 and its altitude above sea level between 

1040 m and 1440 m. The distribution of land use types for the basin consist 45% of wheat, 

35% of pasture, 11.2% of heath and garden, 8.2% of no tillage and rocky, 0.6% of pond 

(Turan and Dengiz, 2015). 

In the study, phase separations (depth, texture, slope, stoniness) and spatial 

distributions of the soil series mentioned in the detailed survey report and map of the 

basin were used (Dengiz and Baskan, 2005). Thus, land quality assessments were made 

at the level of mapping unit. The soils of study area were classified into 8 different series, 

Typic Xerofluvent, Mollic Xerofluvent and Aquic Xerofluvent in 20 mapping units (land 

units) and Lithic Xerorhent in subgroups according to soil taxonomy (Table 1) (Soil 

Survey Staff, 1999). In order to determine soil properties affecting land quality, eight 

disturbed and undisturbed soil samples which are representing the predefined soil series 

were taken from topsoil between 0-30 cm depth in year of 2018 according to Soil Science 

Division Staff (2017). Basin soils reflect the typical soil characteristics in different slope 
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groups formed from alluvial deposits of physiographic units and high calcareous, low-

moderate organic matter content, high pH, stoniness and different depth classes 

developed under semi-arid climate conditions of Central Anatolia region. This situation 

indicates the presence of land in the basin which will represent different quality classes. 

 

Figure 1. Soil series and location map of the study area 

 

 
Table 1. Distribution of soil series in the basin according to Soil Taxonomy 

GÜVENÇ 

BASIN 

Soil Series Subgroups Area (ha) Proportion (%) 

Acısu Lithic Haploxerept 285.16 16.18 

Kervanyolu Typic Xerorthent 312.23 5.58 

Kervanpınarı Chromic Haploxerert 29.43 17.71 

Lezgi Typic Haploxerept 218.02 1.67 

Sarıbeyler Typic Xerofluvent 37.36 12.37 

Tabyabayır Lithic Xerorthent 479.97 0.67 

Yaşmeşe Typic Xerorthent 233.73 3.23 

Çayırınkafa Vertic Haploxerept 98.33 2.12 

Rocky - 56.96 27.23 

Pond - 11.74 13.24 

Total - 1762.92 100 

 

 

Climate characteristics 

Based on the climate values of the region for many years; it represents semi-arid 

climate characteristics of hot and dry summers and cold and rainy winters. The average 

annual rainfall and average temperature in the region for the last 20 years is 478.1 mm 

and 11.4oC, respectively. The hottest month is July with 24.0oC and the coldest month is 

January with an average of -3oC (Anonymous, 2017). According to soil climate regime 

of Newhall simulation model (Van Wambeke et al., 2000), the study area has Mesic soil 

temperature regime and Xeric (Dry Xeric in subgroup) moisture regime. Particularly, 

potential evapotranspiration is higher than precipitation between April and October. Soil 

needs irrigation particularly between May and July. 
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Indicator selection, sub-group scoring and weighting 

Nine parameters affecting crop development in agricultural land quality index; depth, 

slope, stoniness, BD, texture, EC, pH, OM and CaCO3 were selected as the evaluation 

parameters using many literature (Huddleston et al., 1987; McVay et al., 1989; Soil 

Survey Staff, 1999; Arshad and Martin, 2002; Hazelton and Murphy, 2007; De La Rosa 

and Van Diepen, 2009; Iojă et al., 2014; Mustafa et al., 2017; Aldababseh et al., 2018). 

In this study, land indicators were produced as digital layers in GIS environment from the 

study report and map of the regional soils. The values of other indicators were obtained 

from the results of laboratory analysis. The laboratory analyses conducted in the research 

are presented in Table 2 and the descriptive statistics of the results are given in Table 3. 

 
Table 2. Physicochemical analysis and methods performed in the study 

Indicators Units Procedure References 

BD g cm-3 Undisturbed soil samples Blake and Hartge, 1986 

Depth cm Soil survey 
Soil Science Division Staff, 2017 

Slope % Soil survey 

Texture % Hydrometer method Bouyoucos, 1951 

OM % 
By Potassium dichromate (K2Cr2O7) 

Oxidation method (Walkley-Black) 
Nelson and Sommers, 1982 

pH 1:2.5 
Soil-water suspension (w:v) 

Soil Survey Staff, 2011 EC dS m-1 

CaCO3 % Scheibler calcimeter 

 

 
Table 3. Descriptive statistics of physical and chemical properties of soil series 

Indicators Min. Max. Mean StDev. SE Mean Variance CoefVar 

BD, gr cm-3 1.21 1.42 1.32 0.07 0.02 0.01 5.52 

Sand, % 25.80 52.44 36.60 11.44 3.62 130.78 30.33 

Silt, % 16.60 25.20 22.40 4.61 1.46 21.24 21.14 

Clay, % 28.84 64.66 40.64 10.06 3.18 101.18 24.81 

OM, % 0.82 3.64 2.11 0.82 0.26 0.68 38.10 

pH, 1:2.5 7.00 7.85 7.60 0.21 0.07 0.04 2.74 

EC, dS m-1 1.12 1.44 1.32 0.18 0.06 0.03 13.65 

CaCO3, % 5.20 32.29 14.12 8.00 2.53 63.95 57.21 

 

 

The selection of indicators to determine the quality of the land is very important (Zhan 

et al., 2016). There are many characteristics that affect the quality of lands under different 

agricultural uses in varying amounts and it is not possible to use all of them (Karlen et 

al., 2013). In this regard, Doran and Parkin (1996), have suggested the use of as few 

parameters as possible in modeling approaches. Thus, it is known that there is a high 

correlation between some physical, chemical and biological properties, it is not 

practically possible to use all of them as indicators at the same time and it is stated that it 

is contrary to the basic principles of land evaluation measurement paradigm (Andrews et 

al., 2004). In another aspect, when numerous soil analysis is performed for model 

production, the application of the developed index becomes cumbersome (Askari and 

Holden, 2014). For this reason, the indicators used in the study were chosen according to 

an expert opinion and literature knowledge by taking into consideration the quality 

representation from one or more soil properties and their effectiveness is presented in 

Table 4, and sub-factor scoring of parameters is presented in Table 5. In addition, in the 

selection of land indicators, the phases specified in the detailed soil map and which are 

defined as limiting factor to plant growth were used. 
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Table 4. Selected parameters for land quality index and their effectiveness 

Indicators Effectiveness Source 

Depth Root development, water storage capacity Sarkar et al., 2014 

Slope runoff and losses FAO, 1977 

Stoniness Crop emergence, soil tillage, water retention Miller and Guthrie, 1984; Sauer et al., 2010 

Texture 
Infiltration rate, structure type, plant – water 

relationship 
Ahmed et al., 2016 

Bulk density Soil compaction, aeration, infiltration Şeker and Işıldar, 2000; Pagliai et al., 2004 

EC Osmotic potential, ion toxicity Miransari and Smith, 2007 

pH Nutrient availability, microbial activities Baridón and Casas, 2014 

Organic Matter Soil quality, biological activities 
Riley et al., 2008; Guo et al., 2015; Kurzatkowski 

et al., 2004 

CaCO3 Fixation of plant nutrients, aggregation Erdal et al., 2000; Turgut et al., 2008 

 

 
Table 5. The sub-score values of the parameters to be used in the land quality index determined 

using expert opinion and literature knowledge 

Depth (cm) Slope % Stoniness % 

Sub-factor Weight Sub-factor Weight Sub-factor Weight 

0-25 1 0-2 4 % 0-1 4 

25-50 2 2-6 3 % 2 – 5 3 

50-100 3 6-12 2 % 5 – 15 2 

100+ 4 12-20 1 % 15 – 50 1 

Texture* Bulk density g cm-3 

Sub-factor Weight Sub-factor Weight 

fS, LS, SL, cS and Si 1 

< 1.50 - > 0.80 4 

1.50 – 1.55 3 

1.56 - 1.60 2 

>1.60- < 0.80 1 

C->%45 -C, SC, SiC 2 
< 1.25 - >0.80 4 

1.25 -1.35 3 

C-<%45 - C, CL, SL, SC, SiCL 3 
1.36-1.45 2 

>1.45 - <0.80 1 

L, SiL and SCL 4 

< 1.30 - > 0.80 4 

1.30 – 1.35 3 

1.36 – 1.50 2 

> 1.50 - < 0.80 1 

pH EC (dS m-1) CaCO3 (%) Organic matter % 

Sub-factor Weight Sub-factor Weight Sub-factor Weight Sub-factor Weight 

> 8.2 < 5.5 1 0-2 4 < 5 4 0-1 1 

5.5 – 6.5 3 2-4 3 5-10 3 1-2 2 

6.5-7.5 4 4-8 2 10-25 2 2-3 3 

7.5-8.2 2 8-10 1 > 25 1 >3 4 

*fS: Fine sand, LS: Loamy sand, SL: Sandy loam, S: Sand, C: Clay, Si: Silt, SiC: Silty clay, cS: Coarse 

sand, SC: Sandy clay, CL:Clay loam, SiCL: Silty clay loam, L: Loam, SiL: Silt loam, SCL: Sandy clay 

loam 

 

 

In the study, score values between 1 and 4 were assigned for the parameters of each 

indicator. The criterion classes are given as 4 in case agricultural farming is allowed and 

take value of 1 if agricultural farming is not allowed. These two values were evaluated 

according to the limiting factor and degree. Analytical Hierarchical Process (AHP), which 

is a multi-criteria decision-making algorithm, was used in pairwise comparison of the 

indicators of the study (Saaty, 2008). 
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Calculation to land quality index values of mapping units 

In order to determine the land quality scores of the study area, a parametric approach 

healed Linear Combination Technique (LCT) was applied to 20 different mapping units 

prepared by ArcGIS 9.3 (ESRI, 2010), a geographic information system program. LCT 

is a practical and reliable mathematical equation used in several similar studies in the 

evaluation of sub-factor scores and weight ratios of the parameters together (Eastman and 

Jiang, 1996; Dengiz and Sarıoğlu, 2013; Romano et al., 2015). The model for the LCT 

approach is presented in the following Equation 1. 

 

 𝐿𝑄𝐼 =  ∑(𝑊𝑖 . 𝑋𝑖)

𝑛

𝑖=1

 (Eq.1) 

 

Here LQI, Land quality index; Wi, i weight value of parameters; Xi, sub-criteria score 

belonging to i parameters; n, the total number of parameters discussed. Land quality index 

class ranges calculated according to Jenks (1967), were determined using the basis of 

ArcGIS 9.3 software (Table 6). The index values calculated for all mapping units were 

categorized according to the ranges of natural diffraction from the histogram graph 

(Zhang et al., 2015). In this way, an index was developed according to the degree of effect 

of the region-specific parameters on the final score value. 

 
Table 6. Agricultural land quality classes 

Land Quality Classes Index Values 

High I > 2.850 

Moderate II 2.554-2.849 

Low III 2.061-2.553 

Very Low IV < 2.061 

 

 

Land quality classes were categorized as a “High: I’ where there are no limiting factors 

for agricultural plant cultivation and development, “Moderate: II” where there are some 

slightly restrictive factors, “Low: III’ where there are factors affecting cultivation at a 

severe level and “Very Low: IV’ under conditions unfavorable for plant cultivation. 

Determination of biomass density 

Today remote sensing imaging is considered one of the main sources of information 

about the land vegetation (Campbell and Wynne, 2011; Singh et al., 2018). Vegetation 

index represent the most common remote sensing technique used for this purpose 

(Al-Doski et al., 2013; An, 2018), while NDVI is the most commonly used vegetation 

index (Tucker, 1979; DeFries et al., 1995; Garrigues et al., 2007; Tyagi and Bhosle, 2010; 

Olimb et al., 2018). For this purpose, Song et al. (2016), have stated that prediction 

coefficient with R2 of 0.87 was found between NDVI values obtained from Landsat 8 

OLI satellite images for winter wheat at different growth periods and the yield values in 

a farm-based study. NDVI is sensitive to active photosynthetic compounds and is, 

therefore, a popular method used to measure the biomass of vegetation or “greenness” in 

a defined area (Mezera et al., 2017). Thus, the fit between biomass of winter wheat from 

the field and the NDVI values obtained for the same locations were well and significantly 

(P < 0.05) correlated in the two regions, with coefficients of determination of 0.82 and 
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0.92 (Li et al., 2019). In this study, a multitemporal Sentinel–2A images in the year 2018, 

May were used to calculate NDVI values which were utilized for validation LQI classes 

with biomass density. NDVI values were calculated according to the Equations 2. 

 

 𝑁𝐷𝑉𝐼 =  (𝑁𝐼𝑅– 𝑅𝐸𝐷) / (𝑁𝐼𝑅 +  𝑅𝐸𝐷) (Eq.2) 

 

where, 

NDVI= Normalized Difference Vegetation Index 

NIR = Near infrared band 

RED = Visible red band. 

Sentinel–2A has (1) a temporal resolution lower than a week, (2) a spatial resolution 

of up to 10 m, and (3) narrow bands in the red and red-edge region, which makes it a 

highly reliable sensor for agricultural monitoring (Pasqualotto et al., 2019). The image 

was downloaded free of charge from the ESA server (https://scihub.copernicus.eu/) that 

provides Level–2A images that are geometrically and atmospherically corrected with top-

of-canopy (TOC) reflectance as cloud-free (Pandžić et al., 2016). In addition, it was used 

Erdas Imagine 9 (ERDAS, 2009) to perform NDVI analysis, and ArcGis 9.3 (ESRI, 2010) 

software was used to store data and generate thematic maps. 

Spatial statistical analysis and map production in GIS 

The Spatial Analysis tool of the software ArcGIS version 9.3 (ESRI, 2010) was used 

to spatially compare the LQI classes and NDVI values of the land units. The LQI and 

mean NDVI values of the land units were extracted using the Zonal Statistics tool and 

imported into MS Excel. Thereafter, all the data were statistically compared and 

regression equations, graphs, and accuracy coefficients (r2) were produced. 

Results and Discussions 

In the study, the weight values of 20 mapping units based on pairwise comparisons for 

selected indicators for the determination of agricultural land quality were presented in 

Table 7. 

Consistency Ratio; CR = 0.09 (<0.10) was determined by pairwise comparisons and 

the method was found to be valid (Saaty, 2008). In the pairwise comparison of obtained 

indicators evaluated by AHP; (1) land conditions for plant cultivation, (2) the importance 

of indicators and parameters relative to each other, (3) the elimination of the restrictive 

effects of the parameters and (4) by considering the degree of change of the parameters 

in the regional soils, weight scores were determined. Thus, in the studies carried out at 

the regional scale, the weight value of the region-specific characteristics (such as pH and 

CaCO3) is lower compared to other parameters, but high level scoring of non-economic 

(e.g. slope degree, effective soil depth) and continuous risk (stoniness) properties in the 

land improvement or modification is recommended (Patrono, 1998; Dengiz and Sarıoğlu, 

2013; Ahmed et al., 2016). However, it is known that their presence in the environment 

is not necessary for crop production, but if it is found to influence soil quality (e.g. organic 

matter), it should also have a moderate weight ratio (Riley et al., 2008). Due to all these 

evaluations, as a result of the pairwise comparisons by taking into account the ecology of 

the region, the effect levels of the indicators considered in the agricultural land quality 

measurement of the basin soils were evaluated in 3 groups as high, moderate and low. 

The results of AHP applications indicated that depth (24.2%), slope (21.1%) and texture 
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(16.6%) indicators had a high-level weight coefficient. Although plants can grow in soils 

at different depths under favorable climatic conditions, usually optimum root 

development occurs in soils with high soil depth (Sarkar et al., 2014). It is can be 

explained by taking high weight coefficients of soil depth in the evaluation of land quality. 

In addition, the depth of the soil is very variable in the basin, which increases its impact 

on the assessment. Similarly, Slope degree is known to influence land quality for 

agricultural purpose and the assessment of land quality is important in determining 

soil-management practices (Paz-Kagan et al., 2016), and in recent studies, soil scientists 

have stated that the determination of land quality is particularly important to identify 

low-quality soils caused by high slopes (Vinhal-Freitas et al., 2017; Nabiollahi et al., 

2018). Soil texture is another important factor used in the assessment of land quality 

(Aderonke and Gbadegesin, 2013), influencing the behavior of plant growth with 

infiltration rate, structure type and soil-water movement (Ahmed et al., 2016; Ennaji et 

al., 2018). In the light of past research, the effect levels of these indicators have high 

coefficients in the evaluation of the land quality in terms of plant cultivation. 

 
Table 7. Pairwise comparison matrix and eigenvector of indicators in AHP 

Pairwise Comparison Matrix 

Indicators Depth Slope EC Stoniness Texture OM pH CaCO3 BD 

Depth 1.00 2.00 3.00 3.00 3.00 3.00 5.00 5.00 3.00 

Slope 0.50 1.00 3.00 3.00 3.00 3.00 5.00 7.00 3.00 

EC 0.33 0.33 1.00 0.33 0.33 3.00 2.00 2.00 0.33 

Stoniness 0.33 0.33 3.00 1.00 0.33 3.00 3.00 3.00 2.00 

Texture 0.33 0.33 3.00 3.00 1.00 5.00 3.00 5.00 4.00 

OM 0.33 0.33 0.33 0.33 0.20 1.00 2.00 2.00 0.33 

pH 0.20 0.20 0.50 0.33 0.33 0.50 1.00 3.00 1.00 

CaCO3 0.20 0.14 0.50 0.33 0.20 0.50 0.33 1.00 0.33 

BD 0.33 0.33 3.00 0.50 0.25 3.00 1.00 3.00 1.00 

Total 1.00 2.00 3.00 3.00 3.00 3.00 5.00 5.00 3.00 

Normalized Pairwise Comparison Matrix 

Indicators Depth Slope EC Stoniness Texture OM pH CaCO3 BD 

Depth 0.28 0.40 0.17 0.25 0.35 0.14 0.22 0.16 0.20 

Slope 0.14 0.20 0.17 0.25 0.35 0.14 0.22 0.23 0.20 

EC 0.09 0.07 0.06 0.03 0.04 0.14 0.09 0.06 0.02 

Stoniness 0.09 0.07 0.17 0.08 0.04 0.14 0.13 0.10 0.13 

Texture 0.09 0.07 0.17 0.25 0.12 0.23 0.13 0.16 0.27 

OM 0.09 0.07 0.02 0.03 0.02 0.05 0.09 0.06 0.02 

pH 0.06 0.04 0.03 0.03 0.04 0.02 0.04 0.10 0.07 

CaCO3 0.06 0.03 0.03 0.03 0.02 0.02 0.01 0.03 0.02 

BD 0.09 0.07 0.17 0.04 0.03 0.14 0.04 0.10 0.07 

Eigenvector 

Indicators Normalized Sum of Rows Normalized Average Rows Eigenvector 

Depth 2.17 2.17/9 0.242 

Slope 1.90 1.90/9 0.211 

EC 0.60 0.60/9 0.066 

Stoniness 0.96 0.96/9 0.106 

Texture 1.49 1.49/9 0.166 

OM 0.45 0.45/9 0.050 

pH 0.42 0.42//9 0.047 

CaCO3 0.26 0.26/9 0.029 

BD 0.75 0.75/9 0.083 

λmax =10.05; CI = 0.131; CR = 0.090 
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On the other hand, stoniness (10.6%), bulk density (8.3%), EC and organic matter 

(5%) had moderate level of weight values. This is also a finding of the fact that the 

rehabilitated land conditions and the physical properties that can be improved by organic 

matter increasing applications can positively change the land quality index class. Thus, it 

has been stated that the mechanization is facilitated by the removal of the stoniness 

problem and increased values of crop emergence and yield in the agricultural lands were 

indicated (Miller and Guthrie, 1984; Sauer et al., 2010). Similarly, the positive effects of 

organic matter on water retention, soil compaction, aeration and biological activity reduce 

the restrictive effect of bulk density and improve land quality (Kurzatkowski, 2004; Guo 

et al., 2015). In addition, salinity problems were not determined according to EC values. 

However, intensive fertilizer and irrigation practices based on agricultural activities in the 

study area, the evaluation of salinity potential as potential risk is required (Miransari and 

Smith, 2007). This was reflected in the indicator's weight values and the effect of reducing 

the quality classes was modeled in case of a dramatic increase in EC values. With the 

application of AHP, pH (4.7%) and CaCO3 (2.9%) indicators established a function with 

low weight scores. Both factors indicate changes in the calcareous- high calcareous and 

slightly alkaline classes in the value ranges specific to the terrestrial climatic conditions 

of Central Anatolia. Although these indicators have high impacts on product-based land 

assessment studies (Andrews et al., 2004), due to the characteristic features in the 

determination of land quality at the regional scale, it has functioned at low impact levels. 

Thus, pH directly or indirectly affects many physical, chemical and biological events 

occurring in the soil (Baridón and Casas, 2014), it is known that phosphorus and trace 

elements decrease their movement ability in the soil at high pH values and plant uptake 

of toxic elements increases in acid reaction soils (Leonard et al., 1976). Similarly, it is 

stated that CaCO3 content is a factor that should be prevented especially in the 

applications such as phosphorus fertilization (Erdal et al., 2000). Therefore, it is required 

to functionalize pH and CaCO3 indicators in LQI for being taken into consideration in 

managerial planning. The LQI map generated for the Güvenç basin is presented in Fig. 2 

and the LQI classes and their spatial distributions of each mapping unit are presented in 

Table 8. 

 

Figure 2. The map of LQI classes and distributions 
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Table 8. Class sizes determined by LQI result (except pond and rocky) 

Land Units LQI Classes Area (ha) Land Units LQI Classes Area (ha) 

LU1 2.061 III 82.94 LU11 2.671 II 40.14 

LU2 2.856 I 108.82 LU12 2.726 II 114.74 

LU3 2.055 IV 21.63 LU13 3.07 I 28.19 

LU4 2.781 II 177.05 LU14 2.183 III 197.98 

LU5 3.205 I 29.43 LU15 3.18 I 98.33 

LU6 2.828 II 33.51 LU16 2.828 II 49.07 

LU7 1.874 IV 40.97 LU17 2.596 II 220.91 

LU8 1.949 IV 19.08 LU18 2.061 III 84.32 

LU9 3.433 I 37.36 LU19 1.843 IV 162.70 

LU10 2.702 II 24.11 LU20 2.163 III 122.96 

 

 

As a result of the study, the lands indicating distribution in all conformity classes were 

determined in Güvenç basin. According to the generated LQI map, 302.13 ha area 

(17.14%) was classified as Quality High in the study area. Although these areas have 

0-1% stoniness and heavy structure together or separate effects, they are the most suitable 

agricultural areas within the basin. The 659.52 ha (37.41%) of the total study area was 

defined as ‘Moderate’. These areas have soil depths of 50-100 cm and have lands found 

in different slope groups (1-6). However, heavy structure factor (Heavy Clay), high bulk 

density for clay structure, low organic matter content and stoniness problem varying 

between 2-15% reduce the LQI value. As a result of LQI assessment, 732.57 ha (41.55%) 

land was classified as low-very low due to soil depth of 0-50 cm and very steep slope 

(> 12%) in the study area. It was determined in the ground control that these areas were 

mostly used for pasture. Although this situation increased the organic matter content of 

soils, it did not have a class increasing effect on the final index value. In this study, it was 

determined that the effect of pH, EC, CaCO3 and organic matter indicators on quality 

final index values of the regional land did not create significant differences and this 

situation was caused by the fact that the indicators had similar values both in the fields 

and in themselves. The most important soil problems seen in the basin are soil depth, 

slope and stoniness. However, although some lands have a flat slope, high organic 

material content and soil depth of 25-50 cm, 5-15% stoniness problem, heavy texture and 

high bulk density required these areas to be classified as Low Quality. Similarly, areas 

with 0-2% stoniness, high organic matter and 5-15% CaCO3 content but soil depth of 

0-25 cm and slope of 6-12% were also included in the very low-quality class. However, 

it is foreseen that if the necessary conservation measures are taken (ground leveling 

planning, deep tillage and cracking, addition of organic matter, stone collection), the 

low-quality regional lands can be classified as moderate or high quality. 

Validation of the LQI 

The final index values of the quality classes determined as a result of the LQI 

evaluation were compared with NDVI ratios derived from Sentinel-2A satellite image in 

2018-May using linear regression analysis. The evaluation of the data, r2 = 0.74% 

relationship was determined (Fig. 3). 

The validation values obtained showed that the use of AHP-LCT in sub-factor 

weighting of selected criteria for LQI gave reliable results. At the same time, it was 

concluded that NDVI values can be used to test the index developed in cases where 

biomass data of vegetation are limited in local based studies. Similarly, a significant 
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correlation was observed between the NDVI values of plants for the month of May and 

biomass (r2 = 0.69), using the SPOT 2 satellite images (Usul, 2010). Further, a strong 

correlation was reported between NDVI and biomass density (Salazar et al., 2007; Olimb 

et al., 2018; Li et al., 2019), and NDVI provided a more accurate estimation of biomass 

than the other vegetation index for the purpose of assessing land cover and soil quality by 

remote sensing technique (de Paul Obade and Lal, 2013; Lambert et al., 2018). 

 

 

 

Figure 3. Distribution of LQI classes on NDVI map from Sentienel 2A and regression graph 

 

 

Conclusion 

In order to determine the quality index of agricultural land, which is compatible for 

semi-arid climate and integrated with GIS a practical LQI has been developed and found 

successful in Central Anatolia region due to showing a high relationship with canopy 

reflectance values. The most remarkable finding of the study is that the parameters 

selected for the LQI is the necessity to represent the study area, their topography, and the 

change in soil properties. In this way, region-specific evaluations can be made, and more 

reliable results are obtained. Thus, nine parameters used in the determination of land 

quality classes for Güvenç Basin reflect both the regional pedology and the effect of 
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climate characteristics. Another important point here is the weighting of the effect level 

of the selected parameters on each other and on the land quality. The AHP method used 

for pairwise comparison and weighting of parameters in the study presented a reliable 

index approach in the determination of land quality for agricultural purposes. While the 

relationship between each factor and AHP method is revealed, it is consistent to make 

common decision weights where the literature knowledge and expert opinion overlap 

(Expert System). Thus, the study showed similarity with the previous research findings 

that AHP has high capacity for integration of heterogeneous data. The obtained all 

findings showed that the development and use of region-specific index in the 

determination of the quality of agricultural land will enable the production of more 

accurate and reliable policies. In this way, climate, physiography and soil characteristics 

of different geographies can be evaluated within itself. Otherwise, evaluating our own 

lands with parametric approaches which are used in many studies but developed in 

different region ecologies causes wrong inferences. For instance, public institutions in 

Turkey for producing agricultural policy uses the Storie Index for land evaluation and 

classification. However, this approach scores the characteristics of the terrain indicated 

in the scoring of parameters to the same extent for different geographies. This reduced 

sensitivity in the assessment of land of different geography, such ecology particularly 

Turkey. At the same time, the indicator ratios specified in many parametric models are 

multiplied by each other and the effect level of each indicator is considered equal in terms 

of agriculture. In this case, even if a very important parameter such as effective soil depth 

in terms of agricultural land quality gets low score, high value of other parameters 

decreases the level effect of depth and improves the class of agricultural land quality. The 

most important advantage of regional-based index approaches is that, in addition to sub-

categorizing the selected indicators at a regional scale, they weight the relevant indicators 

according to the regional characteristics. Thus, all factors can be evaluated according to 

the importance level of the specific region. However, since the different indicators (e.g. 

macro-micronutrients, heavy metals, biological factors) can be easily adapted to the 

index, it can be suggested that they can be reconstructed in areas indicating different soil 

properties. With all these evaluations and contributions, it will be ensured that the index 

fully represents the ecology of the region in which it is developed. The capabilities of 

satellite images of the basin were also utilized in the study. Our results have demonstrated 

the potential use of NDVI derived from high-resolution, multitemporal Sentinel–2A 

images for the comparison of biomass density with land quality scores in the basin. 

Similar studies have suggested that if there is limited data on vegetation, a different option 

of validation may be used. Moreover, the usability of vegetation indices for monitoring 

and estimation of land quality was evaluated with a different perspective and a window 

was opened for future research. In this way, changes in land quality determined by using 

parameters which were representing agricultural areas can be monitored by using 

vegetation indices in the following years compared with the past findings, and the cause 

of radical changes in biomass reflections could be determined by field studies. As a matter 

of fact, sustainable agricultural techniques suggest applications based on sustainability of 

land quality and productivity for agriculture areas in today and future. Consequently, land 

quality map for study area generated using AHP, GIS and LCT, can enhance the planning 

alternatives within an area with meaningful strategy in terms of location. Therefore, the 

present model will provide logical guidance for new land allocation of agricultural usage 

for decision makers. 
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