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Abstract 

Land suitability is an important strategy for optimal and sustainable use of land and stabilization of its 

performance. The area covers 5,215 hectares and consists mostly of cultivated land. The objective of this 

study was to evaluate the available land resources and produce a land suitability map for irrigated wheat. 

For an assessment of the study area, a total of 32 representative soil profiles were used for collecting soil 

samples. They were also used as input to the model. The conditioned Latin Hypercube Sampling (cLHS) 

method was used for determining sampling points. Covariates for running the model were elaborated from 

remote sensing data. The suitability classification for irrigated wheat crops was determined using a 

parametric method. The random forest model of SAGA GIS software was used to predict suitability classes. 

For preparing the final map of land suitability, firstly the raster map related to the parameters affecting 

land suitability was prepared in the ArcGIS environment, and secondly, this raster file was stacked in the 

random forest model with auxiliary variable layers and the final map was obtained. The results showed 

that about 52.68% (2747.5 ha) of the studied area was found to be highly suitable (S1), 44.1% (2295.4 ha) 

was moderately suitable (S2), and 2.96% (154.8 ha) was marginally suitable (S3). In addition, 0.33% (17.4 

ha) of the total area was classified as currently unsuitable. The main limiting factors for land suitability 

were texture, depth, alkalinity, and the presence of coarse fragments in the soil. It was also found that with 

the help of environmental variables and GIS, making the framework for the optimum use of land become 

very easy and provided significant advantages in terms of time and economic aspects. 
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1. Introduction  

Land evaluation is the process of relating the specific type of land use to the features of 

land resources, using scientific standards and techniques. Users and planners can use the 

findings as a reference to find alternatives to other land uses [1]. Land can be utilized for 

a variety of purposes, such as entertainment, agriculture, industry, housing, fishing, and 

the preservation of nature. An adequate framework for land management and appropriate 

land use is provided by the evaluation of a specific area. Any choice about land use in the 

initial step requires land evaluation of resources and technology available. The efficient 

utilization of available land resources for sustainable agricultural crop production 

necessitates land evaluation. Farmers and policymakers will be able to identify the most 

suitable places for different plant production and management options and establish 

sustainable agriculture using the results produced from the creation of a geographical soil 

map and land assessment [2]. Land suitability analysis is a method of land evaluation that 

identifies the main limiting factors of a particular plant. In addition, it assists in the 

creation of a suitable crop management system to increase land productivity through 

options. Land suitability evaluation is a method that can be used for growing plants 

resistant to unfavorable environmental conditions [3-4].  

GIS is a very useful tool for preparing thematic maps. The integration of geological and 

topographical maps with digital elevation models is done much more accurately and 

quickly by GIS. It also greatly reduces the time required for data entry and output [5]. 

Different machine learning models are used to discover patterns in data and to make 

predictions and have a great potential to improve land suitability evaluation [6]. The 

random forest model, which use to predict soil classes, was introduced by Breiman in 

2001 as an extension of the CART model to improve the efficiency of the model 

estimation [7] and it has been mainly used in remote sensing studies; random forest model 

can consider several environmental variables simultaneously [8].  

According to several recent studies, the availability of remotely sensed data and 

Geographic Information Systems (GIS) allows the combining knowledge from various 

sources to improve land suitability evaluation [3-4-6-9-10-11-12-13] and the current 

study was conceptualized using these research findings. 

Cereals are an important part of dietaries; they are a significant source of energy, protein, 

vitamins (vitamins A and C), and minerals (potassium and calcium) [14]. Wheat (Triticum 

aestivum L) is the most widely grown cereal crop in the world - an estimated, wheat 

covering about 237 million hectares annually [15]. The main objective of this research 

was to perform the land suitability evaluation and carry out suitability mapping for the 

wheat crops by integrating different information using GIS tools for areas in the eastern 
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part of the Qazvin province of Iran. In addition, the main factors limiting the proper 

growth of wheat in the study area will also be identified. 

2. Methods and Materials 

2.1. Study area 

The study area is approximately 5215 ha and is located between latitudes 36° 2′-36° 8′ N 

and longitudes 50° 20′-50° 20′ E in Abyik County of Qazvin province of Iran (fig. 1). Its 

altitude extends between 1163 -1379 m.a.s.l and its temperature and moisture regimes are 

thermic and xeric. According to the Bagh-e-Kowsar Meteorological Station, The amount 

of annual rainfall is 278.43 mm and the annual average temperature is 13.88 °C. The 

month with the most rain was March, with 52.2 mm of rainfall, and the month with the 

least rain was September, with 0.18 mm of rainfall. Temperatures averaged 21.47 °C for 

the highest and 6.07 °C for the lowest. In terms of topography, the area is mainly flat, and 

the majority area has fertile farmland for cultivation. 

 

Figure 1. Study area 

2.2. Soil sampling and analysis 

The soil sampling scheme was performed by applying the conditioned Latin Hypercube 

Sampling algorithm (cLHS) [16]. The distribution of 32 locations acquired by cLHS is 

illustrated in Figure 2. The method presented is a stratified randomized design that with 

the help of multivariate distribution causes effective sampling of the study area. 

Regarding environmental variables and the geological map of the study area, R Software 

was used to perform the conditioned Latin Hypercube Sampling (cLHS) approach. The 



 

172 
 

geological map of the study area has been obtained from the geological Survey and 

mineral exploration of Iran. Digital elevation model ASTER GDEM with the 30-meter 

spatial resolution was obtained from Aster Global Digital Elevation Map 

(http://gdex.cr.usgs.gov/gdex/) and a satellite image of the study area belonging to 

Sentinel-2 was downloaded from Copernicus Open Access Hub. Variables such as Slope, 

Slope length, Wetness Index (WI), Multi-resolution Valley Bottom Flatness Index 

(MrVBF), and Multi-resolution Ridge Top Flatness Index (MrRTF), were extracted from 

DEM using SAGA GIS and ArcMap software. Normalized Difference Vegetation Index 

(NDVI) was extracted from satellite images using ERDAS IMAGINE and SNAP 

software. The selected variables were entered into the conditioned Latin Hypercube 

Sampling technique, and the algorithm divided the data into n values with the same 

probability, after applying the Latin square condition (one sample in each dimension a 

and b) the layers are combined and the algorithm starts it repeats the process until the 

objective evolution function reaches stability. 50 thousand iterations were used to run the 

model and obtain the objective function (Figure 3). 

Figure 2. Soil sample point 
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Figure 3. Evolution of the objective function 

The Global Positioning System (GPS) was used to determine the geographical locations 

of all sampling points (profiles) and then profiles were excavated. Profiles were defined 

using the Field book for describing and sampling soils [17], and samples were collected 

from all of their genetic horizons and sent to the laboratory for regular physicochemical 

analyses. Soil samples were air dried and then crushed with mortar and pestle and passed 

through a 2-mm sieve for separating the coarse fragments (<2mm). The fine particles 

were stored in separate containers and used for physicochemical analysis. The calcium 

carbonate contents of the soil were determined using back-titration methods [18]. The 

organic carbon content was determined by the modified Walkley and Black method 

described by Jackson [19]. The amount of gypsum was measured using the Acetone 

method [20]. The soil pH and Electrical conductivity (EC) were measured in extracted 

saturated soil. The soil texture was determined using the hydrometer method [21]. 

2.3. Land Suitability evaluation 

A parametric approach (Square Root method) [22] was utilized for 32 profiles to assess 

land suitability for irrigated wheat. The most important factors in land evaluation are 

topography, soil, and climate. These factors, particularly topography (including relief/ 

slope and elevation) and soil, have a considerable impact on the land unit determination. 

Relief and elevation are closely related to plant requirements as relief effect land 

management and erosion risk, while elevation affects heat and sunlight. 

In this study, firstly, important information about the research area's land features was 

collected. Some of the data were obtained from the results of soil studies (laboratory 
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analyses and field observation) and climatic data (minimum and maximum temperatures, 

number of sunshine hours, amount of rainfall, relative humidity, and wind speed) used in 

land evaluation for various purposes (specifying plant growth period, cultivation date, 

and so on) were obtained from the Bagh-e-Kowsar meteorological station. 

Eight parameters have been used in this work to study land suitability for irrigated wheat. 

These parameters are soil calcium carbonate, depth, EC, pH, organic carbon, texture, 

coarse fragments, and gypsum. The average weight of these parameters, including climate 

(criteria used to determine land suitability), for each profile up to the root depth, was 

calculated. As our targeted plant is irrigated wheat, an annual crop, of up to 100 cm was 

calculated. Then, the land limitation (in terms of soil and topography) of each map unit 

was determined by matching the characteristics of each soil profile with the criteria of the 

plant demands table [23-24]. 

The parametric approach (Square root method) uses the following formula to calculate 

the final land index: 

I = Rmin ×  √
A

100
 ×  

B

100
 ×  

C

100
 ×  … 

Where I is the index, Rmin is the minimum rating, and A, B, C, … are other ratings 

besides the minimum rating [25]. 

Rainfall was eliminated using data from the Bagh-e-Kowsar meteorological station to 

determine climatic appropriateness, considering the assumption that irrigated wheat water 

requirements are met by irrigation. Other environmental parameters for the growth cycle 

[23] were determined using 22-year meteorological data from the Bagh-e-Kowsar 

synoptic station. 

After identifying the climatic parameters needed to assess the climate of the study area, 

the values were compared with the table of wheat climatic requirements, and the final 

climatic class for wheat was obtained by using the parametric approach (Square Root 

method). 

The land index was then calculated using the parametric method based on the degree of 

suitability of the climate elements. After that, considering soil [24] and climatic [23] 

limitations, the final class of land suitability was determined according to the numerical 

values of the land index for different classes of land suitability. Finally, the map of land 

suitability for irrigated wheat production was prepared. 
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2.4 Modeling to create a digital map of land suitability assessment 

To model the land suitability assessment, all land suitability classes were recognized and 

coded based on the parameters such as soil organic carbon, texture, pH, EC, calcium 

carbonate, depth, gypsum, and coarse fragments.  

Google Earth was used to detect all soil profiles by knowing their geographical 

coordinates and then saving them as a single KMZ layer. After that, ArcMap software 

was used to convert the specified layer to a shape file. In the next step, the prepared shape 

file along with the layer related to the digital elevation model for sampling from land 

suitability classes and preparing the latest file related to the land suitability classes to 

introduce it for the desired model was entered into ArcMap software. This method was 

used to prepare and store the final shape files of land suitability classes.  

The digital elevation model (one of the primary indicators of land characteristics) was 

used to determine the terrain components, which were derived from the ALOS satellite 

with a spatial resolution of 12.5 meters. After digital elevation model derivation and 

changing the coordinate system to the UTM coordinate system, five indexes: Wetness 

(humidity) Index (WI), Multi-resolution Valley Bottom Flatness Index (MrVBF), Multi-

resolution Ridge Top Flatness Index (MrRTF), land shapes, and morphometric Features) 

were calculated and derived using SAGA software. Sentinel-2 images with a spatial 

resolution of 10 meters from 2017, 2018, and 2019 were utilized to derive the Normalized 

Difference Vegetation Index (NDVI). Finally, a shape file of land suitability classes along 

with prepared environmental variables was provided to the random forest model in SAGA 

software. The model is implemented using 500 trees, with each node containing five 

different features (mtry).  

3. Results and Discussion 

The land suitability evaluation procedure was set based on Food and Agriculture 

Organization's (FAO) 1976 general framework in terms of land suitability [26]. 

According to the findings of the climate assessment in the study area, the climate does 

not impose any restrictions on its cultivation and therefore the climate class was obtained 

as S1. Table 1 shows the land suitability classes for irrigated wheat in each land unit. 

Figure 4 displays the digital map of the land suitability classes for irrigated wheat, and 

Table 2 shows the area devoted to the land suitability classes for irrigated wheat. The soils 

of these regions have mainly less than 2% slope. Generally, cereal crops require slightly 

sloping land for smooth and easy tillage practices. In addition, the soils have suitable 

depth; root penetration will stop with soil depth limitation because of a physical barrier 

or unsuitable chemical properties [27]. The results of the land suitability analysis showed 

that the large parts of the studied area were classified as highly suitable 52.68% (2, 2747.5 
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ha) (Table 2) and is located mostly in the central part of the studied area (Figure 4). 

Because of a physical barrier such as coarse fragments and soil texture, 23.58% of the 

studied area was classified as S2s (Table 2), The S2s land units are located in the north 

and south parts of the studied area (Figure 4). Due to the soil alkalinity, 20.43% and 

2.65% of the studied area were classified as S2n and S3n (Table 2); these are low lands, 

located in the south part of the studied area with gypsum-containing soils (Figure 4). 

However, 0.31% and 0.33% of the studied area (Table 2), located in the north part of the 

studied area (Figure 4) were classified as N1s and S3s, due to soil texture limitations and 

the presence of coarse fragments.  

The findings show that the accuracy of the results obtained with the square root method 

is high and revealed to be more realistic in comparison with other methods' results. 

Bagherzadeh and Mansouri Daneshvar (2011) used different methods, including the 

square root method, to evaluate land suitability for wheat cultivation in Iran [28]. He fined 

that texture/structure, coarse fragments, OC, CEC, and pH are the most significant 

limiting factors for irrigated wheat. Zeinodini (2003) evaluated the land suitability for 

wheat crops in Iran. The land suitability classification results based on the parametric 

method show that the land suitability classes are various from S1 to S3. This author found 

that the dominant limiting factors for wheat cultivation are gypsum, texture, and soil 

structure [29]. Baqer Zadeh et al. (2012) reported that the Storie method’s results were 

very strict and far from reality, whereas the square root represented more balanced results 

for the determination of land suitability classes [30].  

Table 1: Land suitability classes in each land unit using a parametric approach (square root method) for 

irrigated wheat 

Land suitability unit Land index suitability class Land suitability unit Land index suitability class 

1 60 S2n* 17 16 N1s 

2 61 S2n 18 40 S3s 

3 65 S2s* 19 62 S2s 

4 58 S2s 20 61 S2s 

5 83 S1 21 83 S1 

6 66 S2n 22 59 S2s 

7 88 S1 23 79 S1 

8 41 S3n 24 55 S2s 

9 56 S2n 25 77 S1 

10 81 S1 26 63 S2s 

11 94 S1 27 37 S3s 

12 89 S1 28 58 S2s 

13 91 S1 29 58 S2s 

14 83 S1 30 57 S2s 

15 89 S1 31 55 S2s 

16 88 S1 32 58 S2s 

*n and s show soil alkalinity and soil physical (properties) limitations 
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 Figure 4. Digital map of land suitability classes for irrigated wheat 
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Figure 5. Probability map of land suitability classes for irrigated wheat  
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According to the probability map of land suitability, the central and northern parts of the 

study area have the highest accuracy. The estimation accuracy was low in some parts, 

such as those between the northern and central parts, and it was very low in the southern 

parts of the study area. Obtaining a probability map, which helps to interpret the map, is 

a good achievement. The probability map was obtained based on a digital map of land 

suitability. 

Table 2: Area related to land suitability classes for irrigated wheat 

land suitability class Area (ha) Area (%) 

S1 2747.5 52.68 

S2s 1229.8 23.58 

S2n 1065.6 20.43 

S3s 16.3 0.32 

S3n 138.5 2.65 

N1s 17.4 0.34 

 

4. Conclusions 

The purpose of this study was to perform the land suitability evaluation and carry out 

suitability mapping for the irrigated wheat crops by integrating environmental auxiliary 

variables, using GIS tools. The parametric method (square root formula) was used to 

evaluate the suitability. Land suitability analysis of the studied area indicated that 2747.5 

ha (52.68%) had no restrictions for wheat cultivation and were classified as highly 

suitable S1. About 2294.4 ha (44.01%) of the studied area was classified as moderately 

suitable (S2) due to the soil alkalinity and soil physical properties restrictions, for irrigated 

wheat cultivation. Due to the soil alkalinity and soil physical properties restrictions, the 

remaining 3.31% were classified as marginally suitable (S3) and currently not suitable 

(N1). In preparing a land suitability map for irrigated wheat, variables such as the 

Normalized Difference Vegetation Index, Inverted-red Edge Chlorophyll Index, Digital 

Elevation Model, Multi-resolution Valley Bottom Flatness Index, and Multi-resolution 

Ridge Top Flatness Index, all of these variables had the greatest influence on soil changes 

and the creation of a digital map of land suitability classes for irrigated wheat. 
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