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Abstract 

     The selection of the most suitable land for cultivating a particular crop is one of 

the major problems facing the Ministry of Agriculture in general and farmers in 

particular, and this suitability for cultivation depends on many factors (natural and 

human), including soil type. This research used indicators, remote sensing, and 

spatial modeling to solve this problem. The method of band rationing was applied to 

calculate the salinity index (SI) and the Normalized Multi-Drought Index (NMDI) as 

a pre-processing for agricultural decision-making in specific areas in southern Iraq 

(Dhi Qar, Al-Khamisiyah), using the Landsat-8 satellite image of this area. 

Maximum likelihood classification was used to classify the study area into multiple 

classes. The soil was classified in a study area using a fuzzy inference system (FIS) 

to determine suitability for growing different types of crops according to the values 

of the salinity index and the multiple drought index measured for each crop. The 

results of the study showed that Al-Khamisiyah land is valid and suitable for the 

cultivation of specific crops (onions, lettuce, cabbage, cucumbers, celery, guava, and 

cowpeas) with an area of 946,541,700 m2 of the studied area, while it is not suitable 

for the cultivation of other crops namely pepper and beets. 

 

Keywords: Remote sensing, land decision, salinity Indices, normalized multi-

drought index, fuzzy inference system.  
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باستخدام مؤشرات الاستشعار عن بعد والنمذجة المكانية    في ذلك نوع التربة. تمت المساهمة في هذا البحث 
الت طريقة  تطبيق  تم  المشكلة.  هذه  الملوحة لحل  مؤشر  لحساب  النطاقي  المتعدد   ((SI  قنين  الجفاف  ومؤشر 

قار،    (NMDI)   المقاس )ذي  العراق  جنوب  في  محددة  مناطق  في  الزراعي  القرار  لاتخاذ  مسبقة  كمعالجة 
الأقصى   استخدام تصنيف الاحتمال  تم  المنطقة.  لهذه  الصناعي لاندسات  القمر  باستخدام صورة  الخميسية(، 
نظام   باستخدام  الدراسة  منطقة  في  التربة  تصنيف  تم  ثم  ومن  متعددة.  فئات  إلى  الدراسة  منطقة  لتصنيف 

الضبابي   مؤشر   ( FIS)  الاستدلال  قيم  وفق  المحاصيل  من  مختلفة  أنواع  لزراعة  صلاحيتها  مدى  لتحديد 
أرض   الخميسية  منطقة  أن  الدراسة  نتائج  وأظهرت  محصول.  لكل  المقاس  المتعدد  الجفاف  ومؤشر  الملوحة 
صالحة وصالحة لزراعة محاصيل محددة )البصل، الخس، الكرنب، الخيار، الكرفس، الجوافة، اللوبيا( بمساحة  

    .منطقة الدراسة، بينما لا تصلح لزراعة محاصيل أخرى مثل الفلفل والبنجر 2م 946,541,700
                                                                                                    

1. Introduction 

     The land use and cover are significant for the frugality planning of the area where the land 

used is linked to human effectiveness, such as residence, foundation, merchanting, 

recuperation, etc., while the land cover is related to the different types of lineaments present 

on the surface of the earth. For suitable planning exercises, information on both aspects 

should be obtainable separately [1&2]. The data from the satellite is processed and explicated 

in various forms using digital or optical techniques. Although the visual interpretation of the 

image is being used in many applications, it does not explicate the image pixel by pixel. 

Instead, it supplies synoptic information related to image lineaments of known targets. As a 

result, the information conclusion for land use and covered supply by the human interpreter is 

less precise and overlapping in many places [1&4]. Fuzzy logic has been used in a broad 

range of problem domains. The application areas are vast: process control, administration, 

decision-making, procedure research, and frugality [5]. Dealing with simple (black and white) 

responses is no longer satisfying enough; a degree of membership is a new mode of solving 

the problem. A fuzzy combination is a set whose elements have degrees of the complete 

member (100 membership) or fractional member (0 and 100 membership). The membership 

value assigned to a component is no taller finite than just two values but can be any value 

between them. A mathematical arithmetical function defines an element’s membership degree 

in a fuzzy combination called a membership function [6 & 7].  

 

     The ground cover change was studied using foggy logic. The source of information on the 

region was obtained using the Landsat TM satellite, and the result showed that the accuracy of 

the ambiguous classification is better than the fragile classification [8]. A study determined 

soil moisture using a neuro-fuzzy logic model; the experimental results indicated that the 

system is sensitive to water content and ion concentration, and this model is capable of 

predicting the water content of the tested soils [9, 10], where satellite images used an 

approved methodology. They used the foggy estimation system in the classification. They 

concluded that classification accuracy is closely related to identifying the functions used [11, 

12]. A study classified satellite images using different techniques. However, the fuzzy logic 

method mainly focused on a satellite image in which water will be detected using a Fuzzy 

Logic System (FLS) and membership function editor. Similarly, classification can be done in 

different areas for the various regions [13, 14]. Using the fuzzy logic approach, researchers 

studied land cover classification using Landsat-8 satellite data. They found that the fuzzy 

system approach is practical and can be explored and implemented for other areas of Landsat 

data [14]. The researchers studied the classification of the southwestern Iraq region using a 

fuzzy inference system to estimate the degree of its desertification using the satellite Landsat-

5 and Landsat-8 data [15].  Improving quality image fusion was suggested by manipulating 

contemporary algorithms in auto-focus image fusion. The first algorithm is based on selecting 
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the standard deviation to combine two images. The second algorithm focuses on the contrast 

at edge points and the correlation procedure as the measures parameter for the resultant image 

quality. This algorithm assumes three blocks with various sizes at the homogenous area and 

moves 10 pixels within the exact location. These blocks investigate the block's statistical 

properties and automatically decide the next step. The resulting combined image is adequate 

in contrast due to the added edge points from the two combined images that rely on the 

proposed algorithms [16].  

      The major aim of this research is to decide on using proper agricultural land for economic 

crops by employing remote sensing data in the region of 

the South of Iraq (Al-Khamisiyah area of Dhi Qar). The research is significant in exploiting 

agricultural land and determining which cultivable soils are unsuitable for agriculture in 

southern Iraq. It helps to know the quality of the crops that can be grown in this area by 

applying FIS and to give opinions to the decision-makers in this regard.  

 

2. Methodology 

2.1 Study area  

     The study area was in south Iraq (Figure 1.a), 946 km2. The Landsat 8 satellite image data 

was picked by an Operational Land Imager (OLI) and Thermal Infrared Sensors (TIRS) on 

(12/11/2017) and located within Landsat coordinates (path=166) and (row=39) that cover the 

study area with 11 spectral bands that were used in this study (Figure 1.b). This region is 

situated between (30° 55' 53.11" - 30° 39' 28.99") latitude and (46° 33' 56.92"-46°53'30.02") 

longitude (Figure1.c), downloaded from the International Scientific Data Mirror, the site of 

the computer network information center directed by the Chinese Academy of Sciences [17].  

 
Figure 1: a) Map of Iraq location, (b) Landsat_8 satellite image for the region of interest [14]. 

(c) Photomap of the Al Khamisiyah study area, and (d) Iraq soil map (1961). 

 

2.2. Data Used  

      In this study, ENVI 5.3 and Matlab2016a were used. The fuzzy model was built in the 

MATLAB program, and land use was added to the applicable model to obtain the desired 
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decision. The proposed indices utilized the salinity index (SI) and the Normalized Multi-Band 

Drought Index (NMDI), as given by Eq. (1) and Eq. (2). 

𝑆𝐼 =
(𝑅𝑒𝑑∗𝑁𝐼𝑅)

(𝐺𝑟𝑒𝑒𝑛)
       (1) [17]  

This spectral index effectively detects the degree of soil salinity that contains the dual salts. 

These salts need the band NIR to detect the presence of salts in the soil, so this indicator was 

used. 

𝑁𝑀𝐷𝐼 =
((𝑁𝐼𝑅)−(𝑆𝑊𝐼𝑅1−𝑆𝑊𝐼𝑅2))

((𝑁𝐼𝑅)+(𝑆𝑊𝐼𝑅1−𝑆𝑊𝐼𝑅2))
    (2) [19] 

The Normalized Multi-Band Drought Index (NMDI) was proposed for remote sensing 

of soil water content from space by using three channels: NIR, SWIR1, and SWIR2. This 

index depends on the slope variation, and this characteristic is used to extract information 

about soil water status [20-22]. 

 

2.3 The following step is performed to obtain the land use decision. 

     The study area contains many land features (soil, water, vegetation, etc.). Therefore, the 

study image was classified using the maximum likelihood method (Figure 2-a). With the help 

of MATLAB, the bare soils were separated (Figure 2-b) to calculate their salinity index and 

the Normalized Multi-Band Drought Index, where the resultant images for both features were 

saved as bitmap images.  

 

 

 

 
(a)  (b) 

 

Figure 2: (a) The classified image, (b) The segment image of the bare soil class. 

 

      The saved feature images for both SI and NMDI were recalibrated to the values of the SI 

and NMDI instead of the intensity values by calculating empirical fitting equations by 

comparing the pixel’s intensity values with the SI and NMDI indexes (Figure 3). 
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(a) (b) 

Figure 3: Comparing the intensity values of the bare soil image with the SI and NMDI 

indexes. 

  

     The FIS model is built using the MATLAB fuzzy toolbox using the Mamdani inference 

system (Figure 4). The SI and NMDI are input parameters with Gaussian membership, and 

each is split into three ranges (low, mid, and high). The output comprised nine membership 

functions (pepper, onion, lettuce, cabbage, cucumber, celery, Gao, lob, and beet) using a non-

overlap triangle member function (Figure 5). 

 

 
Figure 4: The inference system structure 
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(a) (b) 

 
 

(c) 

Figure 5: The input and the output of the fuzzy inference system are (a) the SI index, (b) the 

NMDI index, and (c) the output vegetation kind (index). 

 

      These crops were used based on their need for different salinity index conditions and 

different drought indices. Therefore, the decision rules were built depending on their needs 

for each SI and NMDI value (Figure 6). 

 

 
Figure 6: The inference decision rule. 

 

     Based on the previous structure and decision rule, the fuzzy inference model is built to 

map the two input indexes to one output variable of nine indexes; each index represents one 

kind of the selected crops, Figures 7 and 8. 
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Figure 7: The infrastructure of the fuzzy inference model. 

 

 
Figure 8: The decision surface based on the inference model. 

 

     The study area was classified based on the fuzzy decision surface. The decision surface 

was applied by writing a MATLAB model to remap the study area to specify crops according 

to the Si and NMDI values. The resultant crop map image is recolored to recognize each crop 

kind from the other (Figure 9). 

 

  
 

(a) (b) 

Figure 9: The results of (a) mapping the study area and (b) coloring based on the fuzzy 

inference decision surface. 
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3. Results and Discussion 

         The minimum and maximum values for each of the SI and NMDI extracted in the 

methodology (2.3) Figure (3a and 3b) are shown in Table 1.     

  

Table 1: The minimum and maximum values of SI and NMDI. 

Value SI NMDI 

Minimum 0 0.085 

Maximum 37 1.39 

 

     In Land Use Design (2.3), the range of membership functions (MF) values for input 1 (SI) 

and input 2 (NMDI) is indicated in Table 2, where these range values were extracted from the 

minimum and maximum values.  

 

Table 2: The Ranges of Membership Functions (SI, NMDI) 

MF Input 1(SI) Input 2(NMDI) 

low 7- 0 0.25- 0.085 

Mid 7 -24.666 0.25- 0.947 

High 7- 37 0.25- 1.378 

 

      The resultant crop after mapping (Figure 9-a), the number of pixels, area, and percentage 

compared with the total area were calculated in Table 3. 

 

Table 3: The result of the land decision using the fuzzy inference 

Crop Index Pixel Area m2 Percent 

Pepper 1 0 0 0 

Onion 2 753456 678,110,400 71.64084 

Lettuce 3 168443 151,598,700 16.01606 

Cabbage 4 59898 53,908,200 5.69528 

Cucumber 5 29304 26,373,600 2.786311 

Celery 6 13913 12,521,700 1.322889 

Gao 7 24985 22,486,500 2.375648 

Lob 8 1714 1,542,600 0.162972 

Beet 9 0 0 0 

total 1051713 946,541,700 100 

  

     According to Table 3, it can be noticed that the studied area can be grown with particular 

types of crops, which are onions, lettuce, cabbage, cucumber, celery, gao, and lob, where 

noticed that they are with varying degrees, forefronted by onion, followed by lettuce, then 

cabbage, cucumber, Gao, celery, and finally Lob crop,  while other crops (pepper and beet) 

cannot be cultivated in the soil of this area. 

 

4. Conclusion 

  1- The results of the salinity and moisture values showed the diversity of the soil, as the 

salinity index was considered greater compared to the range of the moisture index. Therefore, 

it can be concluded that the soil of the study area (Khamsi soil) is characterized by high 
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salinity and low moisture levels, so crops suitable for these conditions can be grown in this 

region, such as (onions, lettuce, cabbage, cucumber, celery, gao, and lob) crops. 

2- The results validate using Fuzzy inference to decide which crops should be implanted in a 

manner close to humans. This land use decision was based on the soil characteristics of its 

salinity and moisture content indexes, where the saline content was (low-mid), compared with 

moisture content (low-mid-high). On this basis, crops that need these conditions have been 

cultivated.   

3- To conclude, the Mamdani model of the fuzzy inference system (FIS) is very appropriate in 

making decisions compared to other models for the (FIS). 

The research results conclude that the study area can be cultivated with certain types of crops, 

namely (onions, lettuce, cabbage, cucumbers, celery, jao, and lupine). It was noticed that, to 

varying degrees, onion crops are at the forefront, followed by lettuce, then cabbage, 

cucumbers, Jao, celery, and finally lupine. At the same time, other crops (peppers and beets) 

cannot be cultivated in the soil of this area. This helps those interested in agricultural crop 

trade to choose the best place to cultivate them and increase their production. 
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