
 
__________________________________________________________________________________ 
 

______________________________________________________________________________ 
 Page 32                                                                                                         Journal of Remote Sensing and GIS, Vol. 2, Issue 1, 2014,ISSN:2052-5583 
 

 

Developing Land Suitability maps for Some Crops in Abu-Ghraib Using  

Remote Sensing and GIS 
 

Ahmad S Muhaimeed
₁
  ; Ahamd A. Al-Falihi

₂
; Eimad  Al-Aini₂ ; Auras M.Taha  

 
1
-college of Agriculture, Baghdad University;  

2
Ministry of Agriculture; 

3-
 College of Environmental, Green Al-Kasiem University 

 
 
 
KEYWORDS: Land suitability, land evaluation, crops production, Abu-Ghraib 

 
 
ABSTRACT 
 
 This study was conducted to evaluate land 
suitability for growing wheat ,Barley , Corn and 
clover ; and to develop suitability maps using 
remote sensing and GIS .The study area located in 
central of Iraq to the west of Baghdadcity 
represented by Abu-Grab Agriculture project and 
extended between 33º 22´ 30´´ N and 43º 49´ 30´´ 
E .It covers an area of 90199.75ha .  
 
The area has been used for growing irrigated grain 
crops including wheat, barley and corn and some 
vegetable and forage crops. The climate of the 
region is arid with mean annual rain fall less than 
150 mm , and mean annual temperature about 
22.5 Cº . Historical soil data was used to determine 
land suitability classes for some crops production. 
The Landsat Enhanced Thematic Mapper Plus ( 
ETM + ) with 7 spectral bands in the invisible, 
infrared and thermal portions of the 
electromagnetic  acquired during the year of  2012 
was used Qualitative evaluation was carried out by 
means of simple limitation and comparing land 
characteristics with crop requirements  The results 
indicated that the limiting land  factors for crop 
production in the study area including salinity , 
alkalinity , soil texture and gypsum content.  
 
The dominate land suitability classes are S2 for all 
the selected crops with some extent of class S1 for 
barley growing ,and S3 for corn growing . These 
results indicate that amount of irrigation  water 
from Euphrates River is not sufficient to meet all 
crop requirement and  has sever  effects on 
growing corn and clover crops , and moderate 
effects on wheat and Barely growing  in the study 
area, respectively. 
 
INTRODUCTION 

 
From the beginning of the civilization man has 
used the land resources to satisfy his needs. The 
land resources regeneration is very slow while the  
population growth is very fast, leading to an 
unbalance. On a global scale, agriculture has the  
proven potential to increase food supplies faster 
than the growth of the population (Davidson, 
1992). Fresco et al., (1994) predicted that after 
2000, population increases and income growth will 
increase the demand for food and other 
agricultural products by over 3% annually. The 
regeneration rate of land resources is very slow. It 
is not able to cope up with the ever increasing 
population growth; hence this situation leads to 
the alteration in the balanced relationship. FAO 
(1993) defined land is an area of the earth’s 
surface, including all elements of the physical and 
biological environment that influences land use. 
Land comprises the physical environment including 
climate, relief, soils, hydrology and vegetation, to 
the extent that these influence potential for land 
use (FAO, 1976).  
 
 Using  land intensely by humans seeking for 
maximum yield from every kind of  soil unit ,often 
lead to sever land degradation, especially  in arid 
and semiarid regions .In order to eliminate this 
dramatic , the only solution is to institute rational 
soil use—that is, to use each soil unit  in a way that 
best suits its characteristics and to programme its 
management for minimal degradation. This is 
precisely the final aim of land evaluation. 
 
 Land evaluation has traditionally been based 
primarily on soil resource inventories,commonly 
called soil surveys. Land evaluation is concerned 
with the assessment of landperformance when 
used for specified purposes.  
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It involves the execution and interpretationof basic 
surveys of climate, soils, vegetation and other 
aspects of land in terms of therequirements of 
alternative forms of land use. Land evaluation is 
alsopart of the process of land use planning. The 
main objective of the land evaluation is 
theprediction of the inherent capacity of a land 
unit to support a specific land use for a longperiod 
of time without deterioration, in order to minimize 
the socio-economic andenvironmental costs (de la 
Rosa 2000). Finding suitable land area for 
demandingagriculture crops is the need of present 
day farming system. 
 
Land suitability evaluation is the prerequisites for 
sustainable agricultural production. It involves 
evaluation of the criteria ranging from soil, terrain 
to socio-economic, market and infrastructure 
(Prakash, 2003).According to the FAO general 
framework for land suitability evaluation (1976), 
the land suitability classification consists of 
assessing and grouping the land types in orders 
and classes according to their capacity. The results 
areintended to be used for land resource related 
decision making, both strategic land useplanning 
by policy/planning institutions such as extension 
agencies, and specific local landallocation by the 
direct land users, that is, the farmers (Bacic, 2003). 
 
 There are many factors affecting Agricultural 
production in Iraq including land quality 
,transformation of agricultural land to non-
agricultural uses , and  water deficit. The main 
objectives of this study are : 1- To evaluate and 
compare  land suitability for Wheat , Barley , Maze 
and Alfalfa based on the simple limitation and 
parametric evaluation systems. ; 2- To determine 
the most effective land properties on land 
suitability for crop production ; and , 3- To develop 
land suitability maps for the selected crops. 
 
Materials and Methods : 
 
Site Description : 
 
The study area located in central of Iraq to the 
west of Baghdadcity represented by Abu-Ghraib 
Agriculture project and extended between 33º 22´ 
30´´ N and 43º 49´ 30´´ E ( Figure 1 ) .It covers an 
area of 90199.75ha .The area has been used for 
growing irrigated grain crops including wheat , 
barley , maize with some vegetable and forage 
crops.  
 

The study area has  arid climate with mean annual 
precipitation about 150 mm and mean annual 
temperature is 22.5 ºC . 
 
 The area represents  nearly level alluvium plain 
with deep calcareous soils and  moderately deep 
ground water ( less than 2 m). The common soils 
are undeveloped ,with stratification of different 
layers of alluvium materials composed of fine to 
moderately fine texture .  
 
Soils are classified as Typic Torrefluvent and Typic 
Torrepssament subgroup(Nedeco, 1978 )using soil 
Taxonomy(Soil Survey Staff ,1999 ). 
 
 

 
Figure 1 Location of the study area. 

 
Data Collection: 
 
Some available historical data from previous soil 
survey works about Abu-grab agricultural project 
were collected including some morphological , 
physical and chemical properties( Nedeco ,1978 ) . 
These data include slope , drainage , soil depth , 
soil texture , pH ,Ec , CEC , O.M. , ESP ,Lime , 
Gypsum and BSP . Also , climatic data were 
collected from local metrological station , and 
some hydrological data were collected too . 
 
In evaluating compared with the corresponding 
plant requirements using FAO , 1985 and Sys, 
1993. Simple limitation method compares the 
plant requirements with its corresponding 
qualitative land characteristics and the most 
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limiting characteristics defines land suitability class 
. 
Satellite and ancillary data  
 
 The Landsat Enhanced Thematic Mapper Plus ( 
ETM + ) with 7 spectral bands in the invisible, 
infrared and thermal portions of the 
electromagnetic  acquired during the year of  2012 
was used ( Figure 2 ) , the image was enhanced by  
usingENVI software .  
 
The atmospheric correction was done in order to 
reduce the nose effects using the FLAASH module 
.Image was radiometrically and geometrically 
corrected to accurate the irregular sensor 
response over the image ( ITT,2009 ) . 
 
NDVI index was determined according to Burgan 
and Hartford. 1993. Suitability maps for the 
selected crops were developed using GIS. 
 
 

 
Figure 2 : Soil map of Abu-Grab Agriculture project. 

 
 
Results and Discussion  
 
The results indicated the presence of sixteen soil 
units in the study area ( Figure 3) .These units 
belong to subgroups of the recent undeveloped 
soil orders namely Entisols. The dominate 
sequence of  texture classes for all soil sites of the 
study area are silt ,silt clay loam and Loam 
respectively ( Figure 4 ). 
 
The results indicated that the fine texture 
represented by silt clay loam texture class is 
dominate in the central  area of the project,  while 
, silt loam class dominate in the western and the 
eastern sides of the study area . 
 
 The distribution pattern for the soil texture 
related to the deposition pattern for soil particle in 

respect to the location of the main 
sourcesrepresented by Tigris river . 
 Texture is one of the important parameter of soil. 
Most of the physical characteristics of the soil 
depend upon texture class. The spatial variability 
of soil texture classes is given in Figure 3 .   
 

 
 

Figure 3 : spatial variability of soil texture in the study area 

 
Figure 4 indicated that soils of the study area are 
calcareous with calcium carbonate content ranging 
between 11.16 % to 31.22 %. More than 50 % of 
soils contain about  23.46 % calcium carbonate, 
while , less than 5 % of soils in the study area have 
lower  content with 11.16 %. 
 Many Iraqi researchers indicated that Iraqi soils 
are calcareous with   surface soils contain 15 to 
35% and few have<15% or >35%. Calcium 
Carbonate horizons and ,> 25% tomore than 50% 
in some deep soil horizons ( Burngh ,1960 ; Altaie 
et al., 1969 ; Alkaysi ,1975 ; Muhaimeed and Yunis 
,1988) .Calcium carbonate have great effects on 
other soil properties etc  soil structure ,water 
holding capacity and nutrients. The amount  and 
forms of carbonate accumulation in soil have great 
effect on land suitability for crop production . 
 

 
Figure 4: Spatial variability of calcium Carbonate in soils of the 
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Figure 5 : Spatial variability of  Gypsum in soils of the study 
area. 

 
The result ( figure 6 ) show  the spatial variability 
of salinity ( Ec ) in Abu -grab project. The results 
indicate that most soils of Abu-grab are 
moderately to strong  saline with Ec values ranging 
from 3.37 ds/m to 6.54 ds/m while 45% of other 
soils have Ec of 9.08 ds/m. The highest Ec value 
have great effect on suitability rating score due to 
its effect on many other soil properties including 
soil structure , osmatic pressure and nutrients 
availability for plant uptake. Salt affected soils 
negatively affected plant growth in several ways. 
 
 In addition to specific ion toxicities such as Na, Cl 
and B; causing direct injury to plants. The spatial 
variability of EC shown in Figure 6 .    
          

  
 

Figure 6 : Spatial variability of Salinity in soils of the study area. 

 
Figure 7 shows that about 40 % of Abu-Grab 
project soils contain low amount of exchangeable 
sodium ( less than 5 % ) ,while 60% of the study 
soils have more than 12.5 % exchangeable sodium  
Amount  of ESP goes parallel with soil salinity and 

have similar effects on rating score of land 
suitability .  
 

 
 

Figure 7 : variability of Exchangeable sodium in soils of the 
study area. 

 

The organic matter (O.M) content in the soil has 
many benefits such as reservoir of plant nutrients 
especially N, P and S, also it is important for 
maintaining micronutrient cations in a available 
form and complexing Al in less phyto toxic form. In 
addition, it has a high water holding capacity 
hence minimizing the effects of moisture stress. 
The paramount character of O.M is high negative 
charges on its surface contributing to cation 
exchange capacity (CEC) which retains nutrients 
cations. Generally, the OM content of all pedons 
were low to medium and ranged from 0..55 to 1.4 
% with an average of 0.31% in surface layers (Table 
1). This may be due to the prevalence of tropical 
conditions where the degradation of organic 
matter occurs at faster rates coupled with low 
vegetation cover, there by leaving less organic 
matter in the soils  . (figure 8 )  
 

 
Figure 8 : Spatial variability of OM in soils of the study area 
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The results for land suitability rating score for the 
selected crops showed some variations with in the 
same soil unit and between all soil units in the 
study area ( Table 1 ) . 
 
The variation in rating score for land suitability 
related to the effects of limiting factors 
representing , mainly , by soil texture , alkalinity, 
CEC ,salinity  and organic mater content. Rating 
score for the limiting factors of  TTmb63 soil unit 
ranging from 59.375 corn  to 83.75 for clover 
growing  , while the rating score for TTm62 soil 
unit ranges from 75 for wheat  to 85.625  for 
barley growing . 
 
The higher rating score of TTm62  soil units may 
be, due to higher organic matter content , low ESP 
, low gypsum content and fine texture class. In 
general , as the value of Ec , ESP , pH , gypsum and 
calcium carbonate increase , the rating score 
decrease .  

While, the increase in the value of organic matter , 
CEC and fine materials ,the value of rating score 
for land suitability increase and vies versa. Clover 
crop show the highest rating score in the study 
area while, corn show the lowest rating scores due 
to the differences in the tolerance for each crop  
for the limiting factor 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1 : Rating score of soil properties suitability  for some crops production in the study Area. 

 

Soil 
Unit  

Crop 
&soil 

Soil 
texture 

pH EC 
ds/m 

Lime 
% 

Gypsum 
% 

CEC 
meq/100

g 

ESP O.M 
% 

water 
 

Rating 
score 

Suit.C
lass 

 
 

TTmb63 

Soil 
properties 

SIL 7.9 6.54 23.4
6 

0.509 15.14 19.17 0.59     

barley 95 85 95 85 95 25 85 40 78 75.625 S2 

corn 95 60 40 60 95 25 40 60 52 59.375 S3 

Wheat 95 85 40 85 95 25 85 25 78 66.875 S2 

clover 90 85 85 85 100 80 85 60 59 83.75 S2 

 
 

TGd1 

Soil 
properties 

L 7.8
4 

4.71 11.1
6 

60.7 15.9 4.76 0.9    

barley 85 85 95 95 25 25 95 40 78 68.125 S2 

corn 85 60 60 85 25 25 95 40 52 59.375 S3 

Wheat 85 85 60 85 25 25 85 25 78 59.375 S3 

clover 100 85 90 95 25 80 95 60 59 78.75 S3 

 
 

TTm62 

Soil 
properties 

SICL 7.6 9.08 24.8 1.04 17.49 4.8 1.4    

barley 95 85 85 85 95 85 95 60 78 85.625 S1 

corn 95 85 25 60 95 85 95 85 52 78.125 S2 

Wheat 95 85 25 85 95 60 95 60 78 75 S2 

clover 100 85 60 80 100 85 95 60 59 83.125 S2 

 
VTmn61 

Soil 
properties 

SICL 8 3.37 31.2
2 

1.92 20.96 12.53 0.55    

barley 95 85 95 60 95 85 95 40 78 81.25 S2 

corn 95 60 85 40 95 85 85 60 52 75.625 S2 

Wheat 95 85 60 60 95 85 95 25 78 75 S2 

clover 100 60 95 80 100 85 90 60 59 83.75 S2 
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Water suitability for crops growing:   
 
The results of water requirement for growing 
some selected crops in Abu -grab project indicated 
that there is some limitation for both quality and 
quantity of water .    Climatological data from 
Baghdad meteorological station demonstrates that 
the climate of the study area which is part of 
Baghdad Governorate ,  is sub-tropical, hot and 
arid. It is characterized by two well-marked 
seasons with short transitional periods, a long hot 
rainless summer from May to October and 
comparatively short cool winter from December to 
February.  
 
The mean annual rainfall is 126 mm and mean 
annual temperature is 22.5 C. Over the period, 
rainfall  records show a decline.   According to 
these fact , the cultivation in Abu-Ghraib is an 
irrigated type. It irrigated from the Euphrates 
River. The irrigation network at Abu- Ghraib runs 
roughly from west to east. The system consists of a 
series of irrigation canals, Although the greater 
part of area is irrigated by gravity, a considerable 
portion is reliant on pumps, groundwater and 
drainage water is also being pumped for the 
irrigation of crops ,when no sufficient amount of 
surface water is available for irrigation. 
 
The quality of water supplied to the study area 
through the irrigation canals is relatively 
moderately to good for agriculture. Reported 
Electrical Conductivity (EC) values in Euphrates 
river water sampled at the site have been around 
1.4 dS.m-1, which has only a slight to moderate 
effect on use for agriculture. However, the build-
up of salinity in the soil creates a salinity 
management challenge.  
 
Abu -grab Project is consists from ten sectors and  
irrigated from the Euphrates River on time   
schedule every five days cycle . The irrigation 
network at Abu -grab runs roughly from west to 
east at inflow rat at  about 1 9m³/sec for twenty 
four  hours every five days cycle ( Al-Falahi,2013) . 
 
 About 40 % of the pumping irrigation water lost 
through out Urban uses for different purposes and 
by seepage and evaporation. So , the actual net  
amount of  water for irrigation in Abu-Ghraib 
project is 471.15 mm ( 60 % from the total 
pumped water)  .The total amount of available 
water in all sectors is less   than water requirement 
for  selected crops.  
 
 

The scoring  rates of water suitability for  wheat 
and Barley growing is 78 and for corn and clover 
are 52 and 59 , respectively.  
 
These results indicate that amount of irrigation  
water from Euphrates River is not sufficient to 
meet all crop requirement and  has sever  effects 
on growing corn and clover crops , and moderate 
effects on wheat and Barely growing  in the study 
area,respectively.          
 
Soil suitability for crops growing :          
                                                                        
The results of land suitability for Barley growing in 
Abu-Grab agriculture project ( Figure 9 ) indicate 
that 29.17 % and 66.55 % from the total area of 
the project are highly suitable ( S1 )  and 
moderately suitable ( S2 ) for growing barley 
,respectively  . Generally , the most important 
limiting factors affecting Barley production in Abu-
Grab project including Cation Exchange Capacity 
,and  organic matter content and gypsum content . 

 

 
 

Figure 9 .Spatial variability of  suitability classes for barley in 

Abu-Ghraib Agriculture project 

 

The results ( Figure 10 )  indicated that the land of 
Abu-Grab project are moderately ( S2 ) and 
marginal ( S3 ) suitable for growing Maize . Figure 
10 shows that 56.25 % and 29.69 % from the total 
area of the project area moderately suitable and 
marginal suitable for growing Maize , respectively. 
 
 The most important limiting factors for growing 
Maize in Abu-grab Agriculture project include  
organic matter content  ,  CEC , Ec , pH , Gypsum 
and carbonate content . 
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Figure 10 : Spatial variability of suitability classes  for Maize 
growing in Abu–Ghraib project . 

 

The results of Land suitability for Wheat growing in 
Abu-Grab Agriculture  project ( Figure 11 ) show 
that more than 90 % of the total area are 
moderately suitable ( S2 ) , while ,less than 3.5 % 
of the total area are marginal suitable for growing 
wheat. The results ( table 1 ) indicated that the 
most limiting factors for wheat growing are : CEC ,  
Ec , ESP , organic matter , gypsum content and 
lime content . 

 

 
 

Figure 11 : Spatial variability of suitability classes for wheat 
growing in Abu-Ghraib project. 

 

The results of land suitability for clover growing in 
Abu-Grab project ( Figure 12 ) show similarity 
trend with wheat crop .More than 91 % of the 
total area ate moderately suitable( S2 ) for clover 
growing , while 4.31 % are marginal suitable( S3 ) .  
 
The most limiting factor for clover production 
represent Gypsum content , organic matter and 
salinity level .All soil units in the study area show 
higher rating score ofland suitability  for clover 
growing ,ranges from 78.75 to 83 .75 . 

 
Figure 12 : Spatial variability of suitability classes for Clover 

growing in Abu – Ghraib project 
 

Conclusion:  
 

The results of land suitability for a Abu-Ghraib 
Agriculture project indicated that the most 
important limiting factors  for wheat , barley , corn 
and clover growing under study included salinity , 
exchangeable sodium , CEC , organic matter and 
gypsum content . According to rating score for the 
selected land properties ,some land units in the 
study area fall under suitable class ( S1 ) for barley 
growing only, and moderately suitable ( S2 ) for 
clover , wheat , barley and corn growing and, 
marginal suitable ( S3 ) for wheat and corn growing 
. It can be recommended to use the land of Abu –
Grab project for economic production of ,clover 
and barley crops. 
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