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SUMMARY 

The study was conducted to assess land desertification, soil quality, land suitability and land 

capability classification for drylands in some parts of Iraq and Iraqi Kurdistan Region. 

The study area included arid and semi-arid lands located between longitudes 43° 25' 41"-         

46° 28' 1" E and latitudes 34° 18' 33"- 36° 20' 56" N which include some parts of the 

governorates of Sulaimani, Diyala, Kirkuk, and Erbil in Iraq covering area of 2645600 ha. 

Twenty pedons were drilled and described morphologically. In addition to that, eighty nine 

surface soil samples were taken from the neighboring area for these pedons. All soil samples 

were taken to the laboratory and air dried, sieved through a 2mm screen and analyzed for 

physical and chemical properties. 

Desertification was assessed according to MEDALUS project (Kosmas et al., 1999b) and 

using GIS technique. 

According to the mean annual precipitation (mm), the study area was found to fall into three 

zones included zone 2 [Arid (100-300) mm], zone 3 [Semiarid (300-500) mm] and zone 4 

[dry subhumid (˃500) mm] as classified by (FAO, 1998). Soil quality was then assessed in 

each zone. 

Land suitability classes for the study area were determined according the proposal of Sys et 

al. (1993). 

The land capability classes and subclasses were arrived at according to the guidelines in Soil 

Survey Manual (AISLUS, 1971). 

The results obtained from this study were as following:- 

 

1- Desertification assessment 

a- Soil quality indicator (SQI) 

- Soil texture ranged between class 2 (moderate) and class 3 (poor) with an area of 737100 

ha and 1908500 ha, which covered 27.86% and 72.14%, of the study area respectively. 

- The parent materials of all the soil of the study area were within class 2 (moderate). 

- The index of rock fragment for all the soils of the study area was generally within class 3 

(bare to slightly stony) which occupied 99.25% of the total area. 
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- The index of soil slope in the largest part of the study area was within class2 (gentle), 

with an area of 2561000 ha, which occupied 96.80% of the study area, and the remaining 

space was between classes 1, 3 and 4, which occupied only 3.20% of total study area. 

- The soil depth index was classified as class 1(deep). 

- The soil drainage classes were found to be in class 2 (imperfectly drained) and class3 

(poorly drained) with an area of 2150600 ha and 495000 ha at a rate of 81.29 and 

18.71%, respectively. 

- The organic matter index was divided into class 2 (good), class 3 (poor) and class 4 (very 

poor).The area of class 3 was 2144300 ha with a rate of 81% of the total study area; thus 

it succeeded the class 2 and class 4 that occupied the area of 224800 ha and 276500 ha 

with a rate of 8.5 and 10.5% of the total study area respectively. 

- Calcium carbonate index was found to be in class 3 (poor) which occupied 2608200 ha 

with a rate of 98.59% of the total study area. 

In calculating the weight of the soil quality indicators it seemed that the soil of the study area 

could be divided into two classes, firstly, class 2 (2514700 ha), which occupied 95% of the 

study area and secondly class 3 (low quality) with an area of 130900 ha which was 5% of the 

total area. 

 

b- Vegetation quality indicator (VQI) 

- It was found that the plant cover to be in class 2 (low), so the study area was not well 

protected against desertification. 

- The risk of fires was found to be of class 2 (moderate). 

- The drought resistance was found to be in class 5 (very poor). 

- The study area was divided into two classes according to protection from erosion. The 

area of class 3 (Low) was 803700 ha and the area of class 4 (very low) was 1841900 ha, 

which occupied 30.38% and 69.62% of the total study area respectively. 

Vegetation quality indicator consisted of class 2 (moderate quality) with an area of 760100 ha 

and class3 (low quality) whose its area was 1885500 ha, they occupy 28.73% and 71.27% of 

the total study area, respectively. 
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c- Climate Quality indicator (CQI) 

- The study area was divided into two classes in terms of the quantity of precipitation. 

Class 1(high quality) its area was 289800 ha, which was about 10.95% of the total study 

area, but class2 (moderate quality) which occupied an area of 2355800 ha and was about 

89.05% of the total study area. 

- Aridity index for the study area was found to be in classes 4 and 5 which occupied an 

area of 706500 ha and 1939100 ha with a rate of 26.70% and 73.30% respectively. 

- The climate quality of the study area was found to fall in class 2 (moderate class). 

 

d- Management quality indicator (MQI) 

- Cropland for the study area was within the class 2 ( medium landuse intensity). 

- Policy criteria was divided into three main classes, class 1 ( high), class 2 (moderate) and 

class 3 (low) with an area of 486500 ha (18.39%),715000 ha (27.03%) and 1444100 ha 

(54.58%) respectively. 

Management quality indicator for the study area was divided into three classes, includes the   

class 1 (high) and its area was 456200 ha, class2 (moderate) its area was 747100 ha and 

finally class3 (low) and its area 1442300 ha they occupied 17.24, 28.24 and 54.52% of total 

study area respectively. 

 

e- Environmentally sensitive areas to desertification (ESAs) 

The most common type of Environmentally Sensitive Areas to Desertification (ESA) for the 

study area was class C3 (Critical) with an area of 1112700 ha (42.06%) of the study area, 

followed by classes C2 and C1 with an area of 759700 ha and 364000 ha which covered  

28.71% and 13.76% of the study area respectively. The Fragile classes (F3 and F2) occupied 

309300 ha and   99900 ha with a rate of 11.69 and 3.78%, respectively. 
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2- Soil quality for the study area 

a. The clay% in zone 4 and zone3 was 38.6 and 37.5% respectively, with a significant 

difference with zone2, which reached 20.7%, while there was not significant difference 

between zone 3 and zone 4. 

b. Insignificant differences (P= 0.163) was found between arid zones in means of bulk 

density. Zone 4 outperformed zone 3, which surpassed zone 2 with values of                                

(1.66, 1.62 and 1.59) Mg m
-3

 respectively. 

c. Significant differences between zone3 and zone 4 in the mean organic carbon content at 

rate of 0.90%, 0.81% respectively whereas zone 3 outperformed zone 4, and both 

outperformed zone 2 significantly which reached 0.46%. 

d. Soil pH did not show any significant variation across zone 2 (7.89), zone 3 (7.86), and       

zone 4 (7.77) (P˃0.05). However, there were little differences in values, where zone 2 

was higher than zone 3, which in turn surpassed zone 4. 

e. Soils of all zones were not saline where values of EC were 0.48, 0.38 and 0.20 dS m
-1

 for 

zone 2, zone 3 and zone 4 respectively, showing no significant differences among zones 

of the study area. 

f. There was no significant differences among zones in available potassium (P˃0.05), but 

they varied in values, Available potassium was higher in zone 4 (0.614 Cmolc kg
-1

) 

followed by zone 3 (0.564 cmolc kg
-1

) and zone2 (0.451 cmolc kg
-1

). 

g. Available nitrogen significantly varied between zone 2 in one hand, and zone 3 and zone 

4 the other, with a value of 1.567 g kg
-1

, 2.334 g kg
-1

 and 2.222 g kg
-1

 for zone 2, zone 3 

and zone 4 respectively, but there were not significant differences between zone3 and 

zone 4. 

h. The available P did not show any significant differences in arid zone classes giving 

values of 4.32 µg kg
-1

, 5.65 µg kg
-1

 and 4.78 µg kg
-1

 for zone 4, zone 3 and zone 2 

respectively. 

i. Concentration of exchangeable calcium did not show any significant variation across all 

zones, the zone 4 has the highest value followed by zone 3 and zone 2 with values of        

22.5 cmolc kg
-1

, 22.3 cmolc kg
-1

 and 18.2 cmolc kg
-1

 respectively. 

j. Exchangeable Mg
2+

 showed no significant variation between zone 3 and zone 4, but they 

varied with zone 2 by a mean value of (5.1, 7.4 and 1.6) cmolc kg
-1

 for zone 4, zone 3 and 

zone 2 respectively. 

k. The values of exchangeable Na
+
 were (0.215, 0.221 and 0.193) cmolc kg

-1
 for zone 4, 

zone 3 and zone 2 respectively. Zone 2 differed significantly with zone 3, but not 

significantly with zone 4. 
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l. The exchangeable Potassium K
+
 values were (0.40, 0.53 and 0.59) cmolc kg

-1
 for zone 2, 

zone 3 and zone 4 respectively. Zone 2 varied significantly with zone 4, but there was 

insignificant variation between zone 2 and zone 3, also between zone 3 and zone 4. The 

pattern distribution of exchangeable Potassium K
+
 was similar to the available K

+
. 

m. Cation exchange capacity varied significantly within all arid zone classes. The highest 

value occurred in zone 4 (26.1 cmolc kg
-1

) followed by zone 3 (21.9 cmolc kg
-1

) and                  

zone 2 (15.7 cmolc kg
-1

). 

n. Significant differences were found among carbonate minerals content in arid zone 

classes, least value appeared in zone 2 (316.4 g kg
-1

) followed by zone 3 (204.0 g kg
-1

) 

and then zone 4 (171.0 g kg
-1

). 

 

3- Land suitability for wheat crops 

a. The soil of the study area was deep and there were no depth limitations, with rate values 

of 90, 95, and 100 for most pedons. 

b. The soil texture rate value was ranged between 98 and 100 for the study area. In general, 

this was not considered as limitation factor for growing of wheat crop. 

c. The estimated value of carbonate was between 40-100, indicating that the carbonates; in 

general, considered as a limitation factor for wheat growing. 

d. The value of soil salinity rating was 95.2 and 95.3 for most parts of the study area 

indicating that there are simple limitations. 

e. The rate value of soil reaction was between 87-100.The degree of soil reaction did not 

reach the alkalinity that could be effective in the growth of wheat. 

f. The value of cation exchange capacity may have a different effect on soil suitability. In 

some locations, the value reached 60 indicating a specific effect for soil suitability, but in 

most other locations the value was 100 indicating that there was no limitation. 

g. Values of organic carbon rating differed among the study sites, where in most sites it was 

100 indicating no specific limitation where as it decreased in other sites to reach 73. 

h. Flooding characteristic did not have any effect on soil suitability for wheat growing 

throughout the study area, where the value was 100 for all sites. 

i. Soil drainage did not play an important role in soil suitability and the rate value was 95 

and 100 for most locations. 

j. The rate value for base saturation was 100 for all sites of the study area. This indicated 

that there was no effect on soil suitability. 
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k. The rate value for total cations was 100 for all sites of the study area. This indicates that 

they had no effect on soil suitability. 

l. The results showed the dominance of three classes that represent the land suitability of 

the study area for Wheat crop as follows: 

 Class S2 (moderately suitable):- The land of this class could be moderately suitable 

for wheat growth, with an area of 260800 ha, which is about 10% of the study area. 

 Class S3 (marginally suitable):- This land is characterized as marginal. Land area was 

1844700 ha, which occupied 69.72% of the study area. 

 N1 (currently unsuitable):- This area was 539100 ha, which occupied 20.37% of the 

study area. 

 

4- Land capability classification 

Land Capability Classes were divided into five main categories including: 

 Class II: This class covers 42500 ha, which accounts for 1.6%. Capability sub-class of 

this class included IIe1 and IIs1e1. 

 Class III: The land capability class III covers an area of 77000 ha, which accounts for 

2.9% of the total study area. Capability sub-class of this class included IIIe, IIIs, IIIew, 

IIIc, and IIIce. 

 Class IV: Covering an area of 2090600 ha (79%). Capability sub-class of this class 

included IVe, IVs, IVes, and IVc. 

 Class V: covering 420000 ha, which account for 15.9% of total area. 

 Class VI: covering an area of 15500 ha (only 0.6% from the study area). 
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CHAPTER ONE 

INTRODUCTION 

Drylands cover 47% of Earth’s land surface. These include four categories according to their 

aridity index: hyperarid, arid, semiarid, and dry sub humid regions (FAO, 1998). 

Drylands have been defined by FAO on the basis of the length of the growing season, as 

zones which have between 1-74 and 75-199 growing days and represent the arid and semi-

arid drylands respectively (FAO, 1998). They are located between latitudes of 15º to 30º in 

both Northern and Southern Hemispheres and termed as arid zone. Roughly one fifth of the 

world's populations live in these areas. 

Land degradation is defined as the long-term loss of ecosystem function and productivity 

caused by disturbances from which the land cannot recover unaided (Bai et al., 2008). Land 

degradation occurs slowly and cumulatively and has long lasting impacts on rural areas 

people where become increasing vulnerable (Muchena, 2008). 

Land degradation is caused by multiple factors, including extreme weather condition 

particularly drought, human activities that pollute or degrade the quality of soils and land 

utility negatively affecting food production, livelihoods, and the production and provision of 

other ecosystem good and services. The importance of land degradation among global issues 

is enhanced because of its impact on world food security and quality of the environment 

(Eswaran et al., 2001), and globally 33% of earth’s land surface is affected by some type of 

soil degradation (Lal, 2009). 

Land degradation in arid, semi-arid and dry sub humid areas resulting from adverse human 

impact. Land in this concept includes soil and local water resources, land surface and 

vegetation or crops (UNEP, 1992). 

Desertification is the diminution destruction of the biological potential of land, and can lead 

ultimately to desert-like conditions. It is an aspect of the widespread deterioration of 

ecosystems, and has diminished or destroyed the biological potential, plant and animal 

production (UN, 1977). 

Desertification is a worldwide phenomenon resulting from a set of geological, climatic, 

biological and humanistic factors leading to a reduction of the land's physical, chemical and 

biological potentiality in arid, semiarid and semi humid areas. Over 20% of lands in two 
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thirds of the world's countries are directly threatened by desertification. The most effective 

desertification on the soil is to soil quality (Farajzadeh and Mahbobeh, 2007). 

There have been many definitions of soil quality since the introduction of the term by 

Warkentine and Fletcher (1977). Two of the most concise definitions of soil quality are: 

“Fitness for use” (Larson and Pierce, 1991) and “the capacity of a soil functions” (Karlen et 

al., 1997). Considering both definitions indicate that soil quality is the ability of the soil to 

perform the functions necessary for its intended use. 

Soils have an inherent quality as related to their physical, chemical and biological properties 

within the constraints set by climate and ecosystems, but the ultimate determinant of soil 

quality is the land management (Doran, 2002). 

Although soil quality was fully recognized in the early 1990’s, little research has been done to 

find a way to measure soil quality until early to mid-2000. 

Iraq  is  located  in  the  range  of semi-tropical latitude in the Northern Hemisphere between 

longitudes (38.45°-48.45°) east of Greenwich line and between latitudes (29.5°-37.5°) north 

of the equator. Iraq lies within the moderate northern region, a system similar to that of 

Mediterranean where rainfall occurs almost in winter, autumn, spring and disappears in 

summer. The general distribution of seasonal rainfall of Iraq in Climate Atlas illustrating, the 

lower rainfall in the south and southwest and increase towards to the north and north-east 

(Jawad et al,2018). 

In Iraq, more than 75% of the land is considered as arid land and the rest of the land is semi-

arid area (Abdulla and Dawood. 2005) where crops experience moisture stress. 

Because of the existence of large areas of dry lands in Iraq and Iraqi-Kurdistan Region and 

due to the clear degradation of these lands for a number of reasons notably desertification plus 

the lack of adequate studies in this area, this study was conducted to: 

1) To identify and assessment the most important factors causing and affecting 

desertification in the study area. 

2) To test appropriate method for the evaluation and monitoring of desertification of the 

study area. 

3) To detect and assess soil quality for the study area 

4) To identify key information relating to land suitability, capability for the study area. 

5) To classify the soils for the study area.  

http://ascidatabase.com/author.php?author=Manuchehr%20Farajzadeh&last=


 

3 
 

CHAPTER TWO 

LITERATURE REVIEW 

2.1 Drylands 

Drylands (arid, semi-arid and dry sub-humid areas) cover 6150 million ha, that is 47.2% of 

Earth's total and land surface area. Roughly one fifth of the world populations live in these 

areas. They are located between latitudes of 15º to 30º in both Northern and Southern 

Hemispheres in what is termed the arid zone. Approximately 41% of the Earth's surface and 

approximately 10 to 20% of these regions are experiencing degradation processes 

(Deichmann and Eklundh, 1991; Reynold et al., 2007), resulting in a decline in agricultural 

productivity, loss of biodiversity and the breakdown of ecosystems. Arid and semi-arid 

environments make up a large portion of the Earth's surface (Fig. 2.1), and present challenges 

for human ecosystems located within them (Millennium Ecosystem Assessment, 2005). These 

regions are generally know as having low average rainfall, often associated with high 

temperatures, which impose fundamental limits on animal and plant populations, and on 

human activities such as agriculture (CSIRO 2011, Ludwig & Asseng, 2006, Ribot et al., 

2005, Vörösmarty et al., 2000, and Watson et al., 1997). 

Arid lands were previously addressed as deserts or drylands; these are regions where a 

combination of high temperatures and low rainfall causes evaporation that exceeds 

precipitation. They are characterized by extreme diurnal temperature fluctuations as dry air 

temperature drops abruptly after sunset. Precipitation is also highly variable, sporadic, and 

unpredictable. There is also a wide interannual variability of rainfall in arid lands. 

Drylands have been defined by FAO on the basis of the length of the growing season, as 

zones which fall between 1-74 and 75-199 growing days to represent the arid and semi-arid 

drylands respectively (FAO, 1978). 

They are also characterized by low, erratic and highly inconsistent rainfall levels, receiving 

between 100 to 600 mm rainfalls annually. The main feature of "dryness" is the negative 

water balance between the annual rainfall (supply) and the evaporative demand. Many of the 

world's drylands are grazing rangeland. All rangelands are characterized by the need to 

manage and cope with erratic events that constrain opportunities for development (Squires 

and Sidahmed, 1998).  
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Figure 2.1 Distribution of drylands in the world 

 

2.1.1 Meaning of aridity: 

Arid environments are extremely diverse in terms of their land forms, soils, fauna, flora, water 

balances, and human activities. Because of this diversity, no practical definition of arid 

environments can be derived. However, the one binding element to all arid regions is aridity. 

 Aridity is usually expressed as a function of rainfall and temperature. A useful 

"representation" of aridity is the following climatic aridity index. 

                                  Aridity index = P/ETP             (2.1) 

Where 

P= precipitation 

ETP= potential evapotranspiration, calculated by the method of Penman, taking into account 

atmospheric humidity, solar radiation, and wind. 

As classified by (FAO, 1998), four arid zones can be delineated by this index: namely, hyper-

arid, arid, semi-arid, and dry sub-humid zones, as follows. 

 Hyper-arid zone (arid index 0.03) comprises dryland areas without vegetation, with the 

exception of a few scattered shrubs. True nomadic pastoralism is frequently practiced. 

 
0.65 P/EPT 0.50.20.03  

World Country Boundaries 

Semiarid          Dry subhumid Arid Hyperarid 
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Annual rainfall is low, rarely exceeding 100mm. The rains are infrequent and irregular, 

sometimes with no rain during long periods of several years.  

 Arid zone (arid index 0.03-0.20) is characterized by pastoralism and no farming except 

with irrigation. For the most part, the native vegetation is sparse, being comprised of 

annual and perennial grasses and other herbaceous vegetation, and shrubs and small trees. 

There is high rainfall variability, with annual amounts ranging between (100-300) mm. 

 Semi-arid zone (arid index 0.20-0.50) can support rain-fed agriculture with more or less 

sustained level of production. Sedentary livestock production also occurs. Native 

vegetation is represented by a variety of species, such as grasses and grass-like plants, 

fortes and half-shrubs, and shrubs and trees. Annual precipitation varies from 200-250 to 

450-500 mm. 

 Dry sub-humid zone (arid index 0.50-0.65). Annual precipitation varies from 500 to 750 

mm. 

The term "arid zone" is used here to collectivity represent the hyper-arid, arid, semi-arid, and 

sub-humid zones. 

These zones distributed in the world as shown in Fig. (2.2). 

The total land area of the world, the hyper-arid zone covers 4.2%, the arid zone 14.6%, and 

the semi-arid zone 12.2%. Therefore, almost one-third of the total area of the world is arid 

land (Table 2.1). 

 

 

 

 

 

 

 

 

Figure 2.2 Global map showing arid and semi-arid areas (Millennum Ecosystem Assessment). 
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Table 2.1 Arid zone distribution in the world (UNSO/UNDP, 1997) 

ARID ZONES 

Regions 

Arid Semi-arid Dry sub-humid All drylands 

1000 Km
2
 % 1000 Km

2
 % 1000 Km

2
 % 

1000 

Km
2
 

% 

Asia (incl. Russia) 6164 13 7649 16 4588 9 18401 38 

Africa 5052 17 5073 17 2808 9 12933 43 

Oceania 3488 39 3532 39 996 11 8016 89 

North America 379 2 3436 16 2081 10 5896 28 

South America 401 2 2980 17 2223 13 5614 32 

Central America and 

Caribbean 
421 18 696 30 242 10 1359 58 

Europe 5 0 373 7 961 17 1359 24 

World total 15910 12 23739 18 13909 10 53558 40 

 

2.2 Degradation in Arid Lands: 

Williams and Balling (1996) defined land degradation in drylands as a "reduction of 

biological productivity of dryland ecosystems, including rangeland, pastures, rainfed and 

irrigated croplands, as a result of an acceleration of certain natural physical, chemical and 

hydrological processes., including erosion and deposition by wind and water, salt 

accumulation in soils and groundwater, surface runoff, a reduction in the amount or diversity 

of natural vegetation, and a decline in the ability of soils to transmit and store water for plant 

growth". Key components in semi-arid ecosystem degradation processes are increased surface 

albedo (reflectance of solar radiation) and increased generation of dust, both of which are 

consequences of the exposure of the bare soil as dry ground following removal of the original 

vegetative cover (Hillel and Rosenzweig, 2002).  

Land degradation can be considered in terms of the loss of actual or potential productivity or 

utility as a result of natural or anthropic factors: it is the decline in land quality or reduction in 

its productivity. In the context of productivity, Land degradation results from a mismatch 

between land quality and land use (Beinroth et al., 1994). Mechanisms that initiate land 

degradation include physical, chemical, and biological processes (Lal, 1994). 

Land degradation will remain an important global issue for the 21
st
 century because of its 

adverse impact on agronomic productivity, the environment, and its effect on food security 
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and the quality of life. Productivity impacts of land degradation are due to a decline in land 

quality on site where degradation occurs (Eswaran et al., 2001). 

Accelerated soil degradation has reportedly affected as much as 500 million hectare (Mha) in 

the tropics (Lamb et al., 2005), and globally 33% of Earth's land surface is affected by some 

type of soil degradation (Bini, 2009), in (Lal, 2009). 

Conceptually, there are four types of soil degradation: (i) physical, (ii) chemical,                 

(iii) biological, (iv) ecological (Fig. 2.3). Soil physical degradation generally results in a 

reduction in structural attributes including pore geometry and continuity, thus aggravating a 

soil's susceptibility to crusting, compaction, reduced water infiltration, and increased surface 

runoff, wind and water erosion, greater temperature fluctuations, and an increased propensity 

for desertification (Lal, 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Types of soil degradation (Lal, 2015). 
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Soil chemical degradation is characterized by acidification, salinization, nutrient depletion, 

reduced cation exchange capacity (CEC), increased Al or Mn toxicities, leaching of NO3-N 

and essential plant nutrients, or contamination by industrial wastes or by-products. Soil 

biological degradation reflects depletion of the soil organic carbon (SOC) pool, loss in soil 

biodiversity, a reduction in soil C sink capacity, and increased greenhouse gas (GHG) 

emissions from soil into the atmosphere. Ecological degradation reflects a combination of the 

three, and leads to disruption in ecosystem functions such as elemental cycling, water 

infiltration and perturbations of the hydrological cycle, and a decline in net biome 

productivity (Lal, 2015).  

Land degradation is a severe environmental problem confronting the world today (Taddese, 

2001). It has detrimental impacts on agricultural productivity and on ecological function that 

ultimately affect human sustenance and quality of life (Taddes, 2001; Zehtabian and Jafari, 

2002; Eliasson et al., 2003; Masoudi, 2010; Masoudi, 2014; Pan and Li, 2013; Barzani and 

Khairulmaini, 2013; Masoudi and Amiri, 2015). Nearly 25% of the global biomass has been 

degraded (ManhQuyet, 2014) because of environmental factors on multiple scales of time and 

space, comprehending land degradation needs a multi-scale approach (ManhQuyet, 2014; 

Masoudi, 2014; Masoudi and Amiri, 2015). This approach is important in relation to land 

management goals.  

 

2.3 Desertification 

Desertification is a land degradation problem of most or importance in the arid and semi-arid 

regions of the world. Desertification in its irreversible form, due to human impact and/or 

climatic change has been much debated since the mid 1970s. It is believed to be one of the 

most serious global environmental problems of our time (Dregne et al., 1991; UNCED, 1992; 

Reynolds and Stafford, 2002; Mihretab et al., 2019). 

The effects of desertification are the degradation of ecosystems, adverse effects on human 

health such as respiratory problems, and a reduction in cropland, leading to in food 

availability issues (Lee et al., 2019).  
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2.3.1 Desertification definitions 

An accepted definition of desertification was introduced by Drenge (1977): "Desertification is 

the impoverishment of terrestrial ecosystems under the impact of man. It is a process of 

deterioration in these ecosystems that can be measured by reduced productivity of desirable 

plants, undesirable alterations in the biomass and the diversity of the micro and macro flora 

and fauna, accelerated soil deterioration, and increased hazards for human occupancy". As 

national and global databases improved, the anthropic role became more evident and the 

accelerated nature of the process resulted in the call for combating actions (Reich et al., 

2001). 

Desertification is acknowledged to be a complex phenomenon requiring the expertise of 

researchers in such disciplines as climatology, soil science, metrology, hydrology, range 

science, agronomy, veterinary medicine, geography, political science, economies and 

anthropology. It has been defined in many different ways by researchers in these and other 

disciplines, as well as from many national and bureaucratic (institutional) perspectives, each 

emphasizing different aspects of the phenomenon (Glantz, and Orlovsky, 1983). 

Some researchers consider desertification to be a process of change, while others view it as 

the end result of a process of change. This distinction underlies one of the main disagreements 

about what constitutes desertification. Desertification-as-process has generally been viewed as 

a series of incremental (sometimes step-wise) changes in biological productivity in arid, semi-

arid, and sub humid ecosystems. It can encompass such changes as a decline in yield of the 

same crop or, more drastically, the replacement of one vegetative species by another maybe 

equally productive or equally useful, or even a decrease in the density of the existing 

vegetative cover. Desertification-as-event is the creation of desert-like conditions (where 

perhaps none had existed in the recent past) as the end result of a process of change. To many, 

it is difficult to accept incremental changes as a manifestation of desertification (Glantz and 

Orlovsky, 1983). 

The new definition introduces the idea that desertification does not need to lead to the 

development of deserts or desert-like conditions. It simply refers to all types of land 

degradation in the drylands of the world. Human adverse impact on the environment is 

considered to be the only cause of desertification (Rozanove, 1990; UNEP, 1991).   

Based on special studies the UNEP (1991) the following definition of desertification was 

adopted desertification/ land degradation is land degradation in arid, semi-arid and dry sub-
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humid areas resulting from adverse human impact. They further concluded that "Land" in this 

concept included soil and local water recourse, land surface and vegetation or crops (Helldén, 

2003). 

According to Article 1 of the United Nations Convention to Combat Desertification 

(UNCCD, Paris, 1994), desertification means "land degradation in arid, semi-arid and dry 

sub-humid areas resulting from various factors, including climatic variations and human 

activities. 

It is widely recognized that desertification is a serious threat to arid and semiarid 

environments which cover 40% of the global land surface (Wuhaib, 2013). Several factors 

exacerbate this phenomenon such as the climate dryness, the geological and morphological 

characteristics of the terrain, the irrational use of space, population growth and the over-

exploitation of vegetation and water resources (Lahlaoi et al., 2017). 

Barrow (2009), indicated that desertification implies degradation toward 'desert' conditions, 

some danger of irreversibility, and more prevalent in periodically dry regions. 

The United Nation Conventional Combat Desertification (UNCCD, 2000) has emphasized on 

biological productivity. It concluded that such a focus on ecosystems highlights reduction in 

the productivity of desirable plants, an altered biomass and reduce diversity of life forms. 

 

2.3.2 What causes desertification 

Desertification is a worldwide phenomenon resulting from a set of geological, climatic, 

biological and humanistic factors leading to a reduction of the land's physical, chemical and 

biological potentiality in arid, semiarid and semi humid areas. 

The causes of desertification have been attributed to the combination of natural and socio-

economic processes which are responsible for the degradation of soils (Samantha, 1997). 

 

2.3.2.1 Natural processes 

There are three main climatic factors that influence the onset and continuation of 

desertification processes (Samantha, 1997). 
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1. The occurrence of droughts (periods of below-average rainfall), which can last for years. 

2. High temperatures which cause a high rate of evapotranspiration (the loss of moisture 

from the Earth's surface by a combination of direct evaporation and transpiration from 

plants) and therefore a high rate of moisture loss from soils. 

3. Infrequent and often intense periods of rainfall which compact soils, increasing their 

erodibility. 

 

2.3.2.2 Socio-economic processes 

There are four main human actions which accelerate desertification (Samantha, 1997). 

1. Overgrazing. This occurs where herd sizes exceed carrying capacity (the number of 

cattle that can graze a sustainability i.e. without long term damage occurring). If this 

capacity is exceeded: 

(a) Vegetation changes, e.g. drought-resistant species replace edible species. 

(b) Soil quality is reduced. e.g. grazing animals compact and break down the soil structure, 

increasing its vulnerability to erosive processes. 

(c) The health of livestock and their productivity decreases. 

2. Overcultivation. May occur when increasing food production is needed. 

(a) To support increasing populations. 

(b) When rural people are encouraged to grow ˊcash cropsˋ for sale in city markets and for 

export. 

3. Deforestation and excessive fuelwood cutting. Forest is cleared for agriculture or 

fuelwood. This leads to reduced shade and greater desiccation of the soil, a lowered water 

table and an increase in the use of dung (otherwise used as fertilizer) as a fuel source. The 

resulting loss of organic matter reduces both the ˊstikinessˋ of the soil peds and the water-

holding capacity of the soil: its erodibility therefore increases. 

4. Inappropriate irrigation practices. Fertility is reduced through salinisation (the 

buildup of salt around the roots of plants) and waterlogging (caused by poor drainage 

and the formation of an impermeable salt crust on the soil surface). 

The combination of these and other biological, soil and water factors are summarized in   

(Fig. 2.4). 
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Figure 2.4 Summary of the causes of desertification (Samantha, 1997). 

 

In (Fig. 2.5) which is the map form the Natural Resource Conservation Service shows global 

desertification vulnerability. This map is based on a reclassification of the global soil climate 

map and global soil map (soil type is closely linked to climate, and so varies across the global 

in response to the local environmental conditions). 
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Figure 2.5 Global desertification vulnerability (U.S Department of Agriculture map, 1998). 

 

Some researchers consider climate to be the major contributor to desertification processes, 

with human factors playing a relatively minor supporting role. Other researchers disagree with 

the significance of these two factors (Glantz and Orlovsky, 1983). 

 

2.3.3 Assessment of desertification 

Desertification has been and still is a controversial issue. In the previous decades, this was 

largely due to the lack of a common understanding of "what to measure" and "how to measure 

it". In the 1970s, the desertification indicators sought were those able to measure the advance 

of the desert. During the 1980s the need for a general and flexible approach to combat 

desertification became more keenly felt. Indicators of desertification may demonstrate that 

desertification has already proceeded to its end point of irreversibly unproductive soil 

(Kosmas et al., 2014). 

Ekhtesasi and Mohajeri (1995) developed the ICD (Iranian Classification Deserts) model for 

the classification of Iranian deserts. One of the advantages of the ICD model is its capability 

to identify the type of desert environments such as natural and anthropogenic deserts. ICD 

was developed in four steps: separation of deserts types using plant types and land use maps, 
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determination of desertification causes including the major and minor causes, classification of 

desertification and desertification mapping. This method classifies the severity of 

desertification to five classes: slight, low, moderate, severe and very severe. The most well-

known result produced by this approach was the estimate that 75% of studied area was 

affected by anthropogenic factors of desertification. 

Rubio and Bochet (1998) tackled the subject of desertification indicators in considerable 

detail and proposed a synthesized list of criteria, and a procedure for the selection, evaluation, 

and application of indicators.  

The MEDALUS model was designed by the European Commission based on the results of 

Mediterranean European research project (Kosmas et al, 1999c) and was adopted here instead 

of more traditional models due to inefficiency of traditional methods in GIS environment. 

The MEDALUS model has also been used in some Middle Eastern countries. For example, 

Basso et al. (1999) have used the MEDALUS model for defining ESA on the Lesvos island of 

Greece and Kosmas et al. (1999b) applied this model in the Agri basin of Italy. The ministry 

of Agriculture of Lebanon (2001) used the model to prepare a map of Lebanon showing area 

where desertification was being combated. 

In Iran this model was used in the Varamin plain (RafieiEmam, 2002) and the Kashan plain 

(Khosravi, 2003) and discussed by (Zehtabian et al, 2004). 

The MEDALUS model has been a widely recognized approach in different Mediterranean 

regions at national, regional, and local scales. It was used in an entire Greek state to assess 

desertification sensibility using the four indicators recommended by the original MEDALUS 

report (Karamesouti et al., 2018). Ladisa et al. (2012) assessed desertification sensibility in 

the Apulia region (southeastern Italy) using this method and the results indicated good 

performance for this technique. In another work, Trotta et al. (2015) applied MEDALUS at a 

local scale in Castel Porziano (central Italy). Similarity, Contador et al. (2009) applied this 

method in Extremadura (southwestern Spain). In a separate paper, Symenoakis assessed 

sensitivity to land degradation and desertification using Environmental Sensitive Area Index 

at Levos Island (Symeonakis et al., 2014). In Lebanon, the method was applied in an arid 

region by adding certain parameters (i.e., rock hardness, permeability, soil organic matter, 

clogging, and erodibility) and excluding others (i.e., texture, parent material and soil depth) 

(Kamel et al., 2015). The method has also been applied in Mediterranean African countries, 

such as Algeria (Boudjemline and Semar, 2018). In Morocco the approach was applied in the 
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arid regions of the Sous Massa River Basin to propose an action plan of potential 

interventions to mitigate the desertification problems in this region Bouabid et al. (2010) and 

in Oued El Maleh, central Morocco (Lahlaoi et al., 2017). However, the MEDALUS model 

has been elaborated and developed in the context of Mediterranean areas prone to 

desertification, and most applications have been done in semi-arid, arid, and hyper-arid zones. 

The model was adopted in the same climate context of the study area, which can be 

considered to be a hyper-arid climate. For example, Benmessaud assessed a desertification 

sensitive area in the Biskra region (South Aures) in Algeria using the MEDALUS model 

(Benmessaud et al., 2010).  

Desertification hazard Zonation methods are divided into two groups: (1) Methods based on 

extensive field operations such as FAO/UNEP and Turkmen academy of sciences methods. 

(2) Methods based on minimum field operations like MEDALUS and desertification risk 

index methods (Mashayekhan and Farhad, 2011). 

Other methods for evaluating the desertification process such as mathematical methods, 

parametric equations, remote sensing, direct observation and measurement have been 

developed. Recently, several models of desertification and land degradation have been 

presented (Sepehr et al., 2007). 

Kharin et al. (2000) prepared the desertification map of West Asia by presenting several 

method of desertification assessment. 

 

2.4 Soil Quality of Dryland 

2.4.1 The concept of soil quality  

The concept of soil quality was first suggested by (Warkentin and Fletcher, 1977). While they 

started the discussion, it did not become a real focal point until the early 1990s. In 1990, the 

U.S Forest Service and Soil Science Society of America sponsored a Soil Quality symposium 

with the purpose of opening a discussion into soil quality. Larson and Pierce (1991) came up 

with a working definition of soil quality and suggested that soil quality is a combination of 

chemical, physical and biological properties. These three properties work together to maintain 

plant growth, regulate water flow, and act as an environmental buffer. 
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The terms soil quality and soil health are often considered to be the same. Soil health is a 

broader term related to the overall condition of the soil, while soil quality is more confined 

term focused on the chemical, physical, and biological properties (Doran and Zeiss, 2000). 

According to the soil factors considered, the soil quality could be physical, chemical, and 

biological. Most of the physicochemical factors are related to inherent soil quality, and 

biological and some physical factors with the dynamic soil quality. Although soil quality 

often focuses on biological aspects, this must not diminish the importance of physical and 

chemical factors (Ball & De la Rosa, 2006) 

 

2.4.2 Definition of soil quality 

Soil quality refers to the soil’s ability to perform the functions expected of it (Karlen et al., 

1994). Soil quality also is “the capacity of a soil to function”. More specifically, soil quality 

has been defined by a committee for the Soil Sciences Society of America (Karlen et al.,1997) 

“as the capacity of a specific kind of soil to function, within natural or managed ecosystem 

boundaries, to sustain plant and animal productivity, maintain or enhance water and air 

quality, and support human health and habitation”. Also, soil quality has been defined as the 

ability of a soil to fulfill its functions in the ecosystem, which determined by the integrated 

actions of different soil properties. With respect to agriculture, soil quality would be the soil’s 

fitness to support crop growth without becoming degraded or otherwise harming the 

environment. Warkentin (1995) has proposed that soil quality is simply related to the quantity 

of crop production. However, others have emphasized that the importance of demonstrating 

how soil quality affects feed and food quality, or how soil quality affects the habitat provided 

for a wide array of biota. 

According to the Soil Quality Institute (SQI) (USDA, 2006), the soil-quality is related to the 

concepts of sustainability of soil use and management, although in some cases the focus has 

been predominantly on contaminated land. The SQI has indicated that notion of soil quality 

must include soil productivity, soil fertility, soil degradation, and environmental quality. 

An expanded definition presents soil quality as: “the capacity of a specific kind of soil to 

function, within natural or managed ecosystem boundaries, to sustain plant and animal 

productivity, maintain or enhance water and air quality, and support human health and 

habitation” (Karlen et al., 1997). However, no soil is likely to provide all these functions, 
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some of which occur in natural ecosystems and some of which are the result of human 

modification (Govaerts et al., 2006). 

 

2.4.3 Soil quality indices 

Soil quality indices are a way to incorporate multiple points of information into one tool that 

can be used for decision making (Karlen and Stott, 1994). They indicated that a soil quality 

index will be most useful when the goal is sustainability as well as yield. 

Larson and Pierce (1991) suggested that a minimum data set needed to be accepted when 

measuring the quality of soils and that a standard set of methodologies needed to be instituted. 

Most of the indicators that are used to create soil quality indices have procedures established 

well before the soil quality interest become dominant. Wienhold et al. (2004) noted that 

measuring these factors together and producing an index will help in improving the 

sustainability of the land. 

When choosing parameters for the minimum data set, the reason soil quality is being 

measured needs to be remembered (Andrews et al., 2004). Since soil quality can be site-

specific, different tests may need to be performed for different agro-ecosystems (Shukla et al., 

2006). 

According to Herrick (2000), soil quality indices would be more readily adopted if the 

measurements are simplified, the costs are reduced, and the time between sampling and 

computation of analysis is shortened. Soil quality measurements needs to be easily performed, 

incorporated into management decisions, and made widely available to land managers 

(Shukla et al., 2006). 

Glover et al. (2000) conducted a study using aggregate stability, porosity, worms, organic C, 

microbial biomass C and N, cation exchange capacity, pH, total N, and nitrate-N as indicators 

of soil quality. 

Andrews et al. (2002) were the first to compare methods of indicator selection. Indicators 

selected by experts were compared with those selected by statistical methods. Principle 

component analysis was used to determine which indicators should be selected for the 

function they wanted to measure. Expert opinion chose soluble phosphorus, pH, electrical 

conductivity, sodium adsorption ratio, and soil organic matter as indicators. Principle 

components selected were soluble phosphorus, pH, calcium, sodium and total nitrogen. Both 
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types of indices were found to be equally representative of soil quality, but principle 

component analysis would not work with a study of low observation that was missing crop 

rotation data. Total C was the dominant attribute for every factor. Cornell University is one of 

the first public soil testing laboratories to use a Soil Quality Index for the purpose of making 

it available to the public. Cornell's indicators were selected from potential soil health 

indicators (Idowu et al., 2008; Gugino et al., 2009). The most basic indicators included soil 

texture, wet aggregate stability, available water capacity, surface/sub-surface hardness, 

organic matter, and active carbon in addition to standard fertility tests and recommendations. 

When Soil Quality Indicators are selected, natural and anthropogenic changes should be 

measured (Wienhold et al., 2004). The indicators chosen should be easy to measure and able 

to show any existing problems in the soil (Schloter et al., 2003). 

Some of the most common indicators to assess soil quality used in research are pH, aggregate 

stability, SOM, and those relating to microbial activity (Bastida et al., 2008). Other indicators 

included electrical conductivity, soil respiration, CEC, and metal contamination. Many of 

these indicators have been found to be strongly correlated with each other (Arshad and 

Martine, 2002). 

Soil organic matter has been found to be one of the most important soil quality indicators. 

When studying the correlation between indicators, SOM was found to be correlated or has an 

effect on almost all other indicators (Arshad and Martine, 2002). SOM has been found to be 

related better to soil fertility, nutrient retention, and plant available water (Friedman et al., 

2001). 

 

2.4.4 Assessment of soil quality 

Soil quality cannot be measured directly; it must be inferred from a wide range of soil quality 

properties (physical, chemical, and biological) that influence the capacity of soil to perform its 

functions. However, a genetic set of basic properties, commonly known as soil quality 

indicators, has not been agreed upon, largely due to the difficulties in defining and identifying 

what soil quality represents and how it can be measured. Identification of indicators and 

assessment approaches are further complicated by the multiplicity of physical, chemical, and 

biological factors that interact and control soil functions and their variation in intensity over 

time and space (Doran and Parkin, 1996). Moreover, to objectively and simultaneously 
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consider the outcomes of all the soil quality indicators for all three major performance 

indicator-production. Sustainability and environmental impact - is a difficult task (Sojka and 

Upchurch, 1999). 

An approach to more objectively assess soil quality is evaluating several soil indicators 

simultaneously using statistical procedures that account for correlations. Multivariate 

statistical methods are used to select a minimum data set (MDS) from large data sets. In this 

way just few indicators have to be determined to assess soil quality. Various Such MDSs have 

been proposed at plot and field scales (Doran and Parkin, 1996), on a regional scales (Brejda 

et al., 2000a,b) and on a national scales (Saprling and Schipper, 2002; Saprling and Schipper, 

2004; Saprling et al., 2004). The use of this approach has shown the potential to integrate 

biological, chemical and physical data. As a result, the concept of a MDS of soil quality 

indicators has become widely accepted as the minimum needed to effectively monitor soil 

quality and to simplify interpretation in terms of sustainable land use, while reducing costs. 

Yet, methodologies to arrive at MDSs are the subject of ongoing discussions (Wander and 

Bollero, 1999; Brejda et al., 2000a,b; Saprling and Schipper, 2002; Govaerts et al., 2006; 

Rezaei et al., 2006).Karlen et al. (1994), studied the effects of different residue applications 

on soil quality in soils from Illinois, Wisconsin, Minnesota, and Iowa. This study was one of 

their first attempts to develop a multiparametric index of soil quality. Aggregate stability, 

porosity, worms, microbial biomass, respiration, total C, total N, bulk density, available 

water, pH, and electrical conductivity were used as indicators. They indicated that the index 

was weighted based on the equation. 

Soil Quality= qwe (wt) + qwma (wt) + qrd (wt) + qfqp (wt)                (2.2) 

Where (wt) was a weight assigned to each function and qwe was how well the soil could 

accommodate water; qwma was how well the soil could transfer water; qrd was how well the 

soil could withstand degradation; and qfqp was how well the soil supported plant growth. The 

weights were subjectively assigned a value between zero and one. There was no mathematical 

or statistical backing; the number was based on what the researcher felt to be the more 

important factor for the function being studied. Hussain et al. (1999) have studied aggregate 

stability, organic C, crop residues, porosity, exchangeable K, and pH as indicators of soil 

quality. The objective of their study was to adjust soil quality indices to determine the effect 

of three differing tillage treatments on soil in south Illinois. They used the equation: 

Index= f(y nutrient + y water+ y rooting)        (2.3) 
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Where y was the weight assigned to each function. Six indexes were created with this 

equation and compared using analysis of variance and general linear modeling. The purpose 

of their study was to determine which tillage system scored the highest. They found that the 

eight years no-till treatment scored the highest among indices used comparison with the more 

intensive tillage practices. They found that when the index thresholds were adjusted to the 

local conditions, it became more sensitive to the management practices they which has been 

evaluated. 
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CHAPTER THREE 

MATERIAL AND METHODS 

3.1 Study Area 

The study area included some arid and semi-arid lands located between longitudes 43° 25' 

41"- 46° 28' 01" E and latitudes 34° 18' 34"- 36° 20' 56" N which located in the governorates 

of Sulaimani, Diyala, Kirkuk, and Hawler in Iraq and Iraqi Kurdistan Regional covering an 

area of 2645600 ha (Fig.3.6) and (Table3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Study areas and soil sampling location 
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Table 3.2 Sites, pedons and coordination of soil samples for the study area 

Governorate Sites Pedon No. Longitude Latitude 

Sulaimani 

Said Sadiq 1 35º 23ʹ 52ʺ 45º 45ʹ 61ʺ 

Chamchamal 2 35º 33ʹ 41ʺ 44º 51ʹ 23ʺ 

Bazian 3 35º 36ʹ 55ʺ 45º 06ʹ 98ʺ 

Mawat 4 35º 53ʹ 70ʺ 45º 23ʹ 68ʺ 

Qaradakh 1 5 35º 18ʹ 53ʺ 45º 21ʹ 48ʺ 

Qaradakh 2 6 35º 18ʹ 61ʺ 45º 21ʹ 47ʺ 

Sangaw 7 35º 16ʹ 51ʺ 45º 09ʹ 75ʺ 

Sangasar 8 36º 14ʹ 26ʺ 45º 02ʹ 47ʺ 

Chwarqurna 9 36º 12ʹ 00ʺ 44º 46ʹ 75ʺ 

Dukan 10 35º 53ʹ 15ʺ 44º 59ʹ 02ʺ 

Darbandikhan 11 35º 05ʹ 21ʺ 45º 40ʹ 96ʺ 

Kalar 12 34º 34ʹ 17ʺ 45º 16ʹ 06ʺ 

Diyala Khanaqin 13 34º 25ʹ 44ʺ 45º 20ʹ 60ʺ 

Kirkuk 

Shwan 14 35º 33ʹ 53ʺ 44º 22ʹ 52ʺ 

Altuncopri 15 35º 41ʹ 77ʺ 44º 11ʹ 70ʺ 

Daquq 16 35º 10ʹ 06ʺ 44º 25ʹ 43ʺ 

Lailan 17 35º 19ʹ 10ʺ 44º 27ʹ 83ʺ 

Hawler 

Qushtapa 18 35º 55ʹ 88ʺ 43º 56ʹ 78ʺ 

Makhmoor 19 35º 47ʹ 75ʺ 43º 36ʹ 08ʺ 

Gwer 20 36º 02ʹ 02ʺ 43º 29ʹ 65ʺ 

 

3.2 Soil Forming Factors for Study Area 

3.2.1 Climate 

Fig. (3.7) shows the mean annual precipitation for Iraq included the study area based on the 

rate observed in the period 1980 to 2011(UNESCO, 2014). 

Rainfall is very seasonal and occurs in winter from November to April, where the average 

annual rainfall is estimated to be 216 mm to 650 mm. Winters are cool to cold, with a day 

temperature of about 16 ºC dropping at night with a possibility of frost. Summers are dry and 

hot to extremely hot, with a shade temperature of over 40ºC during July and August, yet 

dropping at night to 26ºC.  
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Figure 3.7 Mean annual precipitation for Iraq, (UNESCO, 2014) 

 

Fig. (3.8) shows the mean annual temperature for the study area based on the rate observed in 

the period 1980 to 2011 (UNESCO, 2014). 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 Mean annual temperature for Iraq, (UNESCO, 2014) 
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The mean annual air temperature in the study area has approximately 21
o
C, January was the 

coldest month of the year, but generally, the mean temperature does not drop below 5
o
C. The 

mean temperature in July and August exceeds 40
o
C. Because of the high frequency of days 

with sun radiation, the 24-hour temperature amplitude often reached a high value. In winter, 

winds from the northern sector prevail, while in summer, western and south-western winds 

occur most frequently. Generally, the average wind velocity in the individual months of the 

year does not exceed five m/s. In summer, the total cloud cover is limited and clear weather 

predominates. The mean annual air humidity is 40-45%, and it exhibits a high seasonal 

diversity. In January, humidity approaches approximately 70% while it drops to below 20% in 

July and August. Fog occurs rarely, usually in December and January. Generally, the total 

number of foggy days throughout the year does not exceed 20. 

Climate conditions of this region are characterized by a Mediterranean climate with warm dry 

summers and cool moist winters, with mean annual precipitation ranging from 300-700 mm 

and mean annual temperature ranging from 20 to 22.5
o
C (Muhaimeed, et al., 2014). 

According to (FAO, 2003), study area has been divided into three agro-ecological zones as 

follows: 

 Arid and semi-arid zones with a Mediterranean climate. A growing season of about 

nine months, over 400 mm of annual winter rainfall, and mild/warm summers prevail. 

This zone covers mainly the northern governorates of Iraq.  Major crops include 

wheat, barley, rice and chickpea. Other field crops are also produced in smaller 

quantities. There is some irrigation, mainly from springs, streams and bores. 

 Steppes with winter rainfall of 200-400 mm annually. Summers are extremely hot and 

winters are cold. This zone is located between the Mediterranean zone and the desert 

zone. It includes the feed barley production areas, limited wheat production, and it has 

limited irrigation.  

 The irrigated area includes areas that are irrigated through the Lower Zab River and 

Artesian wells. Serious hazards for this area are poor drainage and salinity. The 

majority of the country’s vegetables are produced in this zone. 
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3.2.2 Topography 

Iraq can be divided into four main physiographic regions, each region has its specific 

geological, hydrological and climatologically conditions, and consequently specific soil 

conditions (Fig. 3.9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 Physiographic regions for Iraq (Muhaimeed, et al., 2014). 

 

3.2.2.1 Mountains region 

The mountains consist mainly of parallel anticline ridges separated by elongated synclinal 

valleys. But they are united by narrow gorges, the outlets of the drainage of the interior 

basins. The mountains, for the greater part, are eroded and the detritus material has been 

deposited in the valleys and in the area in front of the mountains (Muhaimeed, et al., 2014). 

 

3.2.2.2 Undulating region 

This area is comprised of a fairly hilly landscape, located south and west of the mountain 

region. It consists of low parallel hill ridges, wide shallow valleys and extensive plains, in 

which various streams have cut their valleys. In general, average altitude varied from 200 to 

1000 meters. Local relief ranged from a minimum of 200 to a maximum of 800 meters per 

square Kilometer (Muhaimeed, et al., 2014). 
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3.2.3 Parent materials 

Beds of gravel, conglomerate and sandstone made up the area. It could be divided, in terms of 

geomorphic landforms structure, surface rocks and degree of erosion process, into a number 

of plains, plateaus, mountains and hill ridges. The southern edge of the mountain range is a 

highly dissected part according to (Muhaimeed, et al., 2014). 

 

3.2.4 Vegetation 

Following Guest (1966), the mountains region included the forest vegetation zone which 

merged gradually into a steppe zone dominated by Savannah. Land in the plains is used 

mainly to grow wheat and barley. Other areas supported luxurious grasses dominated by 

Poabulbosa and Hordeumbulbosum (Guest, 1966). 

 

3.3 Soil Orders 

The study area consists of different soil orders according to the Soil Survey Staff, Soil 

Taxonomy, USDA system, (2014) (Fig. 3.10):- 

 

3.3.1 Aridisols 

The concept of Aridisols is based on limited soil moisture available for the growth of most 

plants. In areas bordering desert, the absolute precipitation may be sufficient for the growth of 

some plants. Because of runoff or a very low storage capacity of the soils, or both, however, 

the actual soil moisture regime is aridic.  

Aridisols show variations with the common soil properties reflecting the effect of the 

dominant local conditions. These differences represented by the presence of different 

diagnostic horizons. The common subsurface horizons are associated with the accumulation 

of different type of salts. The accumulation of salts is the second most important constraint to 

land use. According to the amount and types of salt accumulation, the Aridisols order are 

subdivided to three suborders including Salids, Gypsids and Calcids (Muhaimeed, et al., 

2014). 

 

3.3.2 Entisols 

Entisols are the second dominant order in study area. They occurred in different 

physiographic units starting from the mountain to the flood plain. Entisols are soils with little 

or no evidence of the development of pedogenic horizons. Most Entisols have no diagnostic 

horizons other than an ochric epipedon. 
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3.3.3 Inceptisols 

Inceptisols also covered some parts of soils of study area. In some areas these soils have 

minimal development, whereas in other areas these soils have diagnostic horizons that merely 

fait the criteria of other soil orders. They have many kinds of diagnostic horizons and 

epipedons. The most common horizon sequence is ochric epipedon over a cambic horizon. 

 

3.3.4 Vertisols 

Vertisols are clayey soils that have deep, wide cracks for some time during the year and have 

slickensides within 100 cm of the mineral soil surface. These soils have long been well known 

for their characteristic color, cracks they produce during the dry season, and the difficulty of 

their engineering properties. Vertisols occur in some parts in study area. Typically, these soils 

are deep and clayey, with shrink-swell processes resulting in cracking during the dry season. 

 

3.3.5 Mollisols 

Mollisols commonly are dark-colored, base-rich mineral soils of the steppes. Nearly all of 

these have a mollic epipedon and calcic horizon. Many of these soils developed under grass 

and many apparently were forested. Mollisolos occur in the northeastern mountain area 

particularly on the foot slope plain of intermountain valleys (Muhaimeed, et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10 Distribution of soil orders in Iraq, (Muhaimeed, et al., 2014) 
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3.4 Desertification Assessment According to MEDALUS Project 

The assessment involved two stages (Kosmas et al., 1999a). In the first stage, the four indices 

for soil quality, climate quality, vegetation quality, and management quality were calculated 

providing a measure of the inherent quality of the physical environment and the man induced 

stress of desertification as in the following discussion (Fig.3.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 Parameters used for the definition and mapping of the ESAs to desertification (Kosmas et al., 

1999a) 
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3.4.1 Soil quality indicator (SQI) 

Soil is a dominant factor of the terrestrial ecosystems in the semi-arid and dry sub-humid 

zones, particularly through its effect on biomass production. Soil quality indicator for 

mapping ESAs can be related to water availability, and erosion resistance. These qualities can 

be evaluated by using simple soil properties or characteristics given in regular soil survey 

reports such as texture, parent material, soil depth, slope angle, drainage, stoniness, ect  

(Table 3.3). The use of these properties for defining and mapping ESAs requires the definition 

of distinct classes with respect to degree of land protection from desertification. 
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Table 3.3 Classes and weighting indices for the soil quality assessment (Kosmas et al., 1999a) 

Structure of range and weight index 

Soil texture class Description Texture Index 

1 

2 

3 

4 

Good 

Moderate 

Poor 

Very poor 

L, SCL, SL, LS,CL 

SC, SiL, SiCL 

Si, C, SiC 

S 

1 

1.2 

1.6 

2 

Soil parent 

material class 
Description Parent material Index 

1 

2 

 

3 

Good 

Moderate 

 

Poor 

Shale, schist, basic, ultra basic, Conglomerates. 

Limestone, marble, granite, Rhyolite, Ignibrite, gneiss, 

siltstone, sandstone. 

Marl*, Pyroclastics 

1 

1.7 

 

2 

Soil slope class Description Slope% Index 

1 

2 

3 

4 

Very gentle to flat 

Gentle 

Steep 

Very steep 

˂6 

6-18 

18-35 

˃35 

1 

1.2 

1.5 

2 

Soil depth class Description Depth (cm) Index 

1 

2 

3 

4 

Deep 

Moderate 

Shallow 

Very shallow 

˃75 

75-30 

15-30 

˂15 

1 

2 

3 

4 

Soil rock fragment 

class 
Description Depth (cm) Index 

1 

2 

3 

Very stone 

Stony 

Bare to slightly stony 

˃60 

20-60 

˂20 

1 

1.3 

2 

Soil organic matter 

class 
Description Organic matter (%) Index 

1 

2 

3 

4 

5 

Very good 

Good 

Moderate 

Poor 

Very poor 

˃3 

2-3 

1-2 

0.5-1 

˂1 

1 

1.2 

1.5 

1.7 

2 

Soil electrical 

conductivity class 
Description EC (mmhos.cm

-1
) Index 

1 

2 

3 

4 

5 

6 

Very low 

low 

Moderate 

Almost high 

High 

Very high 

˂4 

4-8 

8-16 

16-32 

32-64 

˃64 

1 

1.2 

1.4 

1.6 

1.8 

2 

Soil calcium 

Carbonates class 
Description CaCO3 Content % Index 

1 

2 

3 

Good 

Moderate 

Poor 

˂2.5 

2.5-5 

˃5 

1 

1.5 

2 

Soil drainage class Description Index 

1 

2 

3 

Well drained 

Imperfectly drained 

Poorly drained 

1 

1.2 

2 
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Soil quality index (SQI) was then calculated as the product of the mentioned attributes, 

namely soil texture, parent material, rock fragment, soil depth, slope grade, organic matter, 

electrical conductivity, Calcium carbonate content, and drainage conditions as the following 

algorithm. The soil quality was then defined using Table 3.4. 

SQI = (texture × parent material × rock fragment × depth × slope × drainage × O.M% × EC × CaCO3)
1/9

      (3.4) 

 

Table 3.4 Classes of soil quality (Kosmas et al., 1999a) 

Class Description Range 

1 

2 

3 

High quality 

Moderate quality 

Low quality 

˂1.13 

1.13-1.45 

˃1.46 

 

3.4.2 Climate quality indicator (CQI) 

Climate quality was assessed by using parameters that influence water availability to the 

plants such as amount of rainfall, air temperature and aridity, as well as any climate hazards 

as frost which might inhibit or even prohibit plant growth. Annual precipitation is classified in 

three classes considering the annual precipitation of 280 mm as a crucial value for soil erosion 

and plant growth (Table 3.5). 

Table 3.5 Classes and weighting indices for climate quality assessment (Kosmas et al., 1999a) 

Structure of range and weight index 

Rainfall class Rainfall (mm) Index 

1 

2 

3 

˃650 

280-650 

˂280 

1 

2 

4 

Aspect class Description Index 

1 

2 

NW, NE 

SW, SE 

1 

2 

Aridity class Climate type Index 

˃55 

35-55 

28-35 

24-28 

20-24 

10-20 

0-10 

Extremely humid 

Very humid 

Humid 

Semi-humid 

Mediterranean 

Semi-arid 

Arid 

1 

1.1 

1.5 

1.6 

1.7 

1.8 

2 
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The below three attributes are then combined to assess the climate quality indicator (COI) 

using the following algorithm. The climate quality is then defined using Table 3.6, Classified 

into three classes. 

CQI = (rainfall ×aspect × aridity) 
1/3

          (3.5) 

 

Table 3.6 Classes of climate quality (Kosmas et al., 1999a) 

Climate quality index Description Range 

1 

2 

3 

High quality 

Moderate quality 

Low quality 

˂1.15 

1.15-1.81 

˃1.81 

 

3.4.3 Vegetation quality indicator (VQI) 

Vegetation quality was assessed in terms of (a) fire risk and ability to recover, (b) erosion 

protection to the soil, (c) drought resistance, and (d) plant cover. The existing in the 

Mediterranean region dominant types of vegetation was grouped into four categories 

according to the fire risk. Also four categories were used for classifying the vegetation 

according to the protection to the soil form erosion. Five categories were used for 

classification of vegetation with respect to drought resistance. Finally, plant cover was 

distinguished into three classes (Table 3.7). 
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Table 3.7 Classes and weighting indices of parameters used for vegetation quality assessment (Kosmas et 

al., 1999a) 

Structure of range and weight index 

Fire risk class Description Type of vegetation Index 

1 

 

2 

 

 

3 

4 

Low 

 

Moderate 

 

 

High 

Very high 

Bare land, perennial agriculture crops, annual agricultural 

crops (maize, tobacco, sunflower 

agricultural crops (cereals, grasslands), deciduous oak, 

(mixed), mixed Mediterranean, macchia /evergreen forests 

 

Mediterranean macchia 

Pine forest 

1 

 

1.3 

 

 

1.6 

2 

Erosion protection 

class 
Description Vegetation types Index 

1 

2 

 

3 

 

4 

Very high 

High 

 

Moderate 

Low 

Very low 

Mixed Mediterranean, macchia/evergreen forests 

Mediterranean, macchia, pine forests, Permanent grass 

lands, evergreen perennial crops 

Deciduous forests 

Deciduous perennial agricultural crops (almonds, orchards) 

Annual agricultural crops (cereals), annual grasslands, 

vines 

1 

1.3 

 

1.6 

1.8 

 

2 

Drought resistance 

class 
Description Types of vegetation  Index 

1 

 

2 

3 

4 

5 

Very high 

 

High 

Moderate 

Low 

Very low 

Mixed Mediterranean, macchia/evergreen forests, 

Mediterranean, macchia 

Conifers, deciduous, olives 

Perennial agricultural trees(vines, almonds, orchards) 

Perennial grasslands 

Annual agricultural crops, annual grasslands 

1 

 

1.2 

1.4 

1.7 

2 

Plant cover class Description Plant cover (%) Index 

1 

2 

3 

High 

Low 

Very low 

˃40 

10-40 

˂10 

1 

1.8 

2 

 

The vegetation quality indicator (VQI) was assessed as the product of the above vegetation 

characteristics related to sensitivity to desertification using the following algorithm. Then the 

vegetation quality indicator was classified into three classes defining the quality of vegetation 

with respect to desertification (Table 3.8). 

VQI = (fire risk × erosion protection × drought resistance × vegetation cover)
1/4

          (3.6) 

 

Table 3.8 Classes of vegetation quality (Kosmas et al., 1999a) 

Vegetation quality index Description Range 

1 

2 

3 

High quality 

Moderate quality 

Low quality 

1-1.6 

1.7-3.7 

3.8-16 
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3.4.4 Management quality or degree of human induced stress indicator (MQI) 

The land was classified in the following categories according to the major land use for 

assessing the management quality or the degree of human induced stress. 

a. Land use intensity 

Agricultural land-cropland: The intensity of land use of a cropland was classified into three 

classes (Table 3.9) based on the frequency of irrigation, degree of mechanization of 

cultivation, application of fertilizers and agrochemicals, types of plant varieties used,…. ect, 

described previously. 

b. Policy 

The policies related to environmental protection were classified according to their degree in 

which they were enforced for each case of land use. The information on the existing policies 

was collected and then the degree of implementation/enforcement was evaluated. Three 

classes related to the policy on environmental protection are defined (Table 3.9). 

Table 3.9 Classes and weighting indices of parameters used for land management quality assessment 

(Kosmas et al., 1999a) 

Structure of range and weight index 

Cropland class Description Index 

1 

2 

3 

Low land use intensity (LLUI) 

Medium land use intensity (MLUI) 

High land use intensity (HLUI) 

1 

1.5 

2 

Pasture class Description Stocking rate Index 

1 

2 

3 

Low 

Moderate 

High 

ASR ˂ SSR 

ASR = SSR to 1.5*SSR 

ASR ˃ 1.5*SSR 

1 

1.5 

2 

Natural area class Description Management characteristics Index 

1 

2 

3 

Low 

Moderate 

High 

A/S = 0 

A/S ˂ 1 

A/S = 1 0r greater 

1 

1.2 

2 

Mining area class Description Erosion control measurement Index 

1 

2 

3 

Low 

Moderate 

High 

Adequate 

Moderate 

Low 

1 

1.5 

2 

Recreation area class Description A/P visitor ratio Index 

1 

2 

3 

Low 

Moderate 

High 

˃ 1 

1-2.5 

˃ 2.5 

1 

1.5 

2 

Policy class Description Degree of enforcement  Index 

1 

2 

3 

High  

Moderate 

Low 

Complete: ˃75% of the area under protection 

Partial: 25-75% of the area under protection 

Incomplete: ˂25% of the area under protection 

1 

1.5 

2 

*SSR: the sustainable stocking rate, ASR: the actual stocking rate, A: assessing the actual, S: sustainable yield 
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The management quality indicator (MQI) was assessed as the product of land use intensity 

and the enforcement of policy for environmental protection using the following algorithm. 

Then the management quality was defined using Table 3.10. 

MQI = (land use intensity × policy enforcement)
1/2

            (3.7) 

Table 3.10 Classes of management quality (Kosmas et al., 1999a) 

Class Description Range index 

1 

2 

3 

High 

Moderate 

Low 

1-1.25 

1.26-1.50 

˃1.51 

 

3.4.5 Matching the results 

The final step comprised the matching of the physical environment qualities (soil quality, 

climate quality, vegetation quality) and the management quality for the definition of the 

various types of ESAs (Environmentally Sensitive Areas) to desertification. The four derived 

indices were multiplied for the assessment of the ESAs index as following: 

ESAs = (SQI × CQI × VQI × MQI)
1/4

           (3.8) 

The ranges of ESAs for each of type of the ESAs (as they were defined above), included three 

subclasses in each type appear in Table 3.11. Each type of ESAs was defined on a three-point 

scale, ranging from 3 (high sensitivity) to 1 (lower sensitivity), in order the boundaries of the 

successive classes of ESAs to be better integrated. 

Table 3.11 Types of ESAs and corresponding ranges of indices (Kosmas et al., 1999a) 

Type Subtype Range of ESAI 

Critical C3 ˃1.53 

     « C2 1.42-1.53 

     « C1 1.38-1.41 

Fragile F3 1.33-1.37 

     « F2 1.27-1.32 

     « F1 1.23-1.26 

Potential P 1.17-1.22 

Non affected N ˂1.17 
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The mapping symbol of each type of ESAs included the class and subclass, four suffixes 

corresponding to the used land qualities (ˊcˋ for climate, ˊsˋ for soil, ˊvˋ for vegetation and ˊmˋ 

for management) and four numbers indicated the degree of limitation for each quality       

(Fig. 3.12). 

 

 

 

 

 

 

Figure 3.12 Mapping symbol used for characterization of the ESAs to desertification 

 

3.5 Soil Sampling and Analysis 

Soil samples were carried out during the month of Oct., Nov. and Dec. 2016.Twenty pedons 

were selected, twelve in Sulaimani area, one in Diyala, four in Kirkuk, and three in Erbil soils 

were morphologically described according to (Schoeneberger et al., 2002). Soil samples from 

each horizon were taken for laboratory. As well as  89 samples were collected from surface 

soil up to depth 0-30cm (fifty one in Sulaimani area, five in Diyala, eighteen in Kirkuk, and 

fifteen in Erbil) for the determination of desertification, soil quality, land suitability, and land 

capability. 

3.6 Preparation of Soil Samples 

The collected soil samples from each horizon of the pedons and locations were air dried, 

mixed to be homogenous, ground by using plastic mortar, then sieved through 2 mm sieve 

and saved in plastic containers until various analyses are carried out. 
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3.7 Methods of Soil Analysis 

3.7.1 Physical properties 

3.7.1.1 Particle size analysis 

Particle size distribution of soil samples was determined following international pipette 

method as described by Piper (1966). 

3.7.1.2 Bulk density (Mg m
-3

) 

Bulk density in each treatment was recorded by clod method as described by Black (1965). 

3.7.1.3 Particle density (Mg m
-3

)  

Particle density of each sample was determined by pycnometer method as described by Blake 

and Hartge (1986). 

3.7.1.4 Water content (Pw%) 

Soil moisture content was measured by gravimetric method according to the methods 

described by (Gardner, 1986). 

3.7.2 Chemical properties 

3.7.2.1 Soil reaction (pH) 

The soil pH was determined in 1:2.5 soil-water suspensions with glass electrode using pH-

meter (Jackson, 1967). 

3.7.2.2 Electrical conductivity (EC) 

Electrical conductivity was determined in 1:2.5 soil-water extract using Conductivity Bridge 

and expressed as dSm
-1

 (Jackson, 1973). 

3.7.2.3 Soluble cations 

The soluble cations measured in 1:2.5 soil-water extract as follows: 

Soluble Ca
+2

 and Mg
+2

 were measured by titration with EDTA, whilst soluble Na
+
 and K

+
 

were measured by flame photometer (Model Corning 400 flame photometer) (Estefan et al., 

2013). 
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3.7.2.4 Exchangeable cations 

Exchangeable cations were extracted by neutral normal ammonium acetate. Calcium and 

magnesium in the extract were determined by EDTA titration and sodium and potassium by 

flame photometry (Model Corning 400 flame photometer) (Estefan et al., 2013). 

3.7.2.5 Cation exchange capacity 

The cation exchange capacity (CEC) of the soil samples was measured by using Polemio and 

Raods methods according to Page et al., (1982). 

3.7.2.6 Base saturation 

The base saturation for each sample was determined according to Reeuwijk (2002).  

3.7.2.7 Soil organic matter 

The soil organic matter was determined according to Smith Weldon modification of the 

Walkey-Black method which described in Abdul Hady (1986). 

3.7.2.8 Calcium carbonate 

The calcium carbonate of soil samples were determined by rapid titration method (Piper, 

1966). 

3.7.2.9 Available phosphorous 

Available phosphorous was measured by Olsen method (Olsen et al., 1954). 

3.7.2.10 Available nitrogen 

Available nitrogen content in soil samples were determined by Kjeldahl method (model Buchi 

Digester Unit K-424) (Jackson, 1956). 
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3.8 Soil Quality 

According to the mean annual precipitation (mm), the study area was found to fall into three 

zones included zone 2 [Arid (100-300)mm], zone 3 [Semiarid (300-500)mm] and zone 4 [dry 

subhumid (˃500)mm] as classified by (FAO, 1998) Fig.3.13. For each zone areas have been 

selected. zone 2 (Kalar, Khanaqin, Shwan, Altuncopri, Daquq, Qushtapa, Makhmoor, and 

Gwer), zone 3 (Said Sadiq, Chamchamal, Bazian, Qaradakh, Sangaw, Darbandikhan, and 

Lailan) and zone 4 (Mawat, Sangasar, Chwarqurna, and Dukan). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13Dryland Systems for the study area 

 

 

3.8.1 Analysis of data 

All the data regarding soil physical and chemical properties were recorded in respective excel 

spread sheet and Statistical Package for the Social Sciences (SPSS). The main statistical tests 

applied were one-way ANOVA to determine significant difference with respect to each zone.  
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3.9 Land Capability Classification 

The land capability was mainly based on the inherent soil characteristics, external land 

features and environmental factors. The land capability classes and sub classes were arrived at 

as per the guidelines in Soil Survey Manual (AISLUS, 1971) (Table 3.12). 

The capability class (often shown as a numeral) tells you how limited the soil is for 

agricultural uses. The subclass designation (shown as a letter; e.g. VIIs) tells you what kind of 

limitation is the main problem. 

Class codes I, II, III, IV, V, VI, VII and VIII are used to represent both irrigated and non-

irrigated land capability classes. 

Class I soils have slight limitations that restrict their use. 

Class II soils have moderate limitations that reduce the choice of plants or require moderate 

conservation practices. 

Class III soils have severe limitations that reduce the choice of plants or require special 

conservation practices, or both. 

Class IV soils have very severe limitations that restrict the choice of plants or require very 

careful managements, or both. 

Class V soils have little or no hazard of erosion but have other limitations, impractical to 

remove, that limit their use mainly to pasture, range, forestland, or wildlife food and cover. 

Class VI soils have severe limitations that make them generally unsuited to cultivation and 

that limit their use mainly to pasture, range, forestland, or wildlife food and cover. 

Class VII soils have very severe limitations that make them generally unsuited to cultivation 

and that restrict their use mainly to grazing, forestland, or wildlife. 

Class VIII soils and miscellaneous areas have limitations that preclude their use for 

commercial plant production and limit their use to recreation, wildlife, or water supply or for 

esthetic purposes. 

Capability subclass is the second category in the land capability classification system. 

Class code e, w, s, and c are used for land capability subclasses. 
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Subclass e is made up of soils for which the susceptibility to erosion is the dominant problem 

or hazard affecting their use. Erosion susceptibility and past erosion damage are the major soil 

factors that affect soils in this subclass. 

Subclass w is made up of soils for which excess water is the dominant hazard or limitation 

affecting their use. Poor soil drainage, wetness, a high water table, and overflow are the 

factors that affect soils in this subclass. 

Subclass s is made up of soils that have soil limitations within the rooting zone, such as 

shallowness of the rooting zone, low moisture-holding capacity, low fertility that is difficult 

to correct, and salinity or sodium content. 

Subclass c is made up of soils for which the climate (the temperature or lack of moisture) is 

the major hazard or limitation affecting their use. 

The subclass represents the dominant limitation that determines the capability class. Within a 

capability class, where the kinds of limitations are essentially equal, the subclasses have the 

following priority: e, w, s, and c. Subclasses are not assigned to soils or miscellaneous areas 

in capability classes 1 and 8. 
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Table 3.12 Land capability classification – quantification of the criteria (Sehgal 1996). 

Characteristics Class-I Class-II Class-III Class-IV Class-V Class-VI Class-VII Class-VIII 

Topography (t)         

Slope (%) 0-1 1-3 3-8 8-15 upto 3 15-35 35-50 >50 

Erosion Nil Slight Moderate Severe Nil Severe Severe  

Wetness (w)         

Flooding nil (F0) nil (F0) (F0/F1) 
nil to slight 

(F1/F2) 
slight to mod. (F3) 

mod. to severe 

(F0/F3) 

nil to severe 

(F0/F4) excessive 
nil to very  

Drainage (I) Well Mod. well Imperfect Poor V. poor Excessive Excessive Excessive 

Permeability Moderate Mod. rapid Rapid slow V. rapid, v. slow - - - - 

Infiltration rate (cm/hr) 2-3.5 1-2.0, 3.0-5.0 0.5-1.0, 5.0-10.0 <0.5, >10.0 2.0    

Physical Characteristics         

Surface texture Loam Sil& cl Si & c Scl S, c (m) ls – cl Ls, s, c Ls, s, c (m) 

Surface coarse fragments 

(vol%) 
1-3 3-15 15-40 40-75 15-75 75+   

Surface stoniness (%) <1 1-3 3-5 5-8 8-15 15-40 40-75 >75 

Subsurface coarse 

fragments (%) 
<15 <15 15-35 35-50 50-75 50-75 50-75 >75 

Soil depth (cm) >150 150-100 100-50 50-25 - 25-10 25-10 <10 

Profile development 
Cambic/ Argillic 

hor. A-(B)-C 
A-B-C 

Stratified A-C;  
A-B-C 

Salic (z)/ Calcic (k) 

hor. A-Bz-          

C/A-Bk-C 

Az-C, A-B, C 
Gypsic (y) hor.   

A-Cy 
A-C  

(stony) 
A-C 

(bouldary) 

Fertility         

CEC (cmol (p+)kg
-1

) 40-16 16-12 16-12 - - - - - 

Base saturation (%) 80+ 80+ 80-50 50-35 50-35 35-15 <15 - 

OC (0-15 cm) (%) >10 0.75-10 0.5-0.75 <0.5 <0.5 - - - 

Salinity EC (dS m
-1

) <1.0 1-2 2-4 4-8 8-15 15-35 35-50 >50 

Gypsum 0.3-2.0 2-5 5-10 10-15 15-25 >25 - - 
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3.10 Land Suitability Classes 

Land suitability classes for the study area were determined according the proposal of          

Sys et al. (1993). By using the requirement of soil, hydrological conditions and topography of 

wheat in Table (3.13). Equation (3.9) was used to calculate land index as fallow: 

         (  )  
               

      
            (3.9) 

Where: LI = Land index 

A1, A2, ……, An = evaluation of land properties 

n = number of land properties 

Table 3.13 Requirement of soil, hydrological conditions and topography of Wheat crop (Sys et al. 1993) 

Land characteristics 

Class Degree of Limitation and Rating Value 

S1 S2 S3 N1 N2 

0 1 2 3 4 

100 95 85 60 40 25 0 

Topography (t)  

Slope%  0-1 1-2 2-4 4-6 - >6 

Wetness (w)       

Flooding  F0 - F1 F2 - F3
+
 

Drainage  Good Moderate Imperf. 
Poor and 

acric 

Poor, but 

drainable 

Poor, not 

drainable 

Physical soil 

characteristics (s) 
(s)       

Texture struct.  

C< 60s, 

Co, 

SiC..SiL, 

Si, CL 

C< 60v. SC, 

C> 60s, L 

C> 60s, 

SCL 
LS, LfS - 

Cm, 

SiCm, 

LcS, fS, 

cS 

Coarse fragment. 

(vol%) 
 0-3 3-15 15-35 35-55 - >55 

Soil Depth (cm)  > 90 90-50 50-20 20-10 - <10 

CaCO3 (%)  3-20 20-30 30-40 40-60 - > 60 

Gypsum (%)  0-3 3-5 5-10 10-20 - > 20 

Soil fertility 

characteristics (f) 
(f)       

Apparent CEC (cmolc 

kg
-1

 soil) 
 > 24 24-16 < 16 - - - 

Base Saturation (%)  > 80 80-50 50-35 < 35 - - 

Sum of basic cation 

(cmolc kg
-1

 soil) 
 > 8 8-5 5-3.5 3.5-2 < 2 - 

pH H2O  7.0-7.6 7.6-8.2 8.2-8.4 8.4-8.5 - > 8.5 

Organic carbon (%)  > 6 0.6-0.4 < 0.4 - - - 

Salinity and 

Alkalinity (n) 
(n)       

ECe (d Sm
-1

)  0-4 4-8 8-12 12-16 16-20 20-24 

ESP (%)  0-15 15-20 20-35 35-45 - > 45 
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Cm: massive clay 

C+60, V: very fine clay, Vertisol structure 

C+60, s: very fine clay, blocky structure 

C-60, V: clay, Vertisol structure 

C-60, s: clay, blocky structure 

Co: clay, Oxisol structure 

fS: Fine sand 

Cs: coarse sand 

 

Table 3.14 Value of index and suitability classes  

Suitability class Index 

S1: Very suitable 80-100 

S2: Moderately suitable 60-80 

S3: Marginally suitable 40-60 

N1: Currently unsuitable 25-40 

N2: Permanently Not suitable 0-25 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

4.1 Desertification: 

4.1.1 Soil quality indicator SQI 

4.1.1.1 Soil texture                                                                                                

The results shown in Fig. (4.14) indicate that the soil texture of the study area ranged between 

the class 2 (moderate) and the class 3 (poor) with an area of 737100 ha and 1908500 ha, 

which covered 27.86 and 72.14%, respectively. 

In general, the soil texture was mostly silty clay loam to silty loam (Appendix 3) which 

indicated the risk of erosion, in particular wind erosion, as well as their effect on the soil 

water holding capacity, which is an important factor in the impact on desertification due to its 

effect on the vegetation cover and soil aggregation. 

Wijitkosum and Yolpramote (2013) found that the severe class of soil degradation dominated 

the areas they studied was characterized by sandy soil texture. The sandy texture of the soil 

resulted in a low water holding capacity. They concluded that soil texture is a key factor 

affecting the desertification risk of the area (Wijitkosum et al., 2013). 

 

 

 

 

 

 

 

 

Figure 4.14 Soil texture classes in the study area 
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4.1.1.2 Soil parent material  

The results shown in (Fig. 4.15) indicate that the index of the parent material of all the soil 

were within the class 2 (moderate), because the parent material is Limestone or loess deposits, 

which is rich in carbonate minerals and it is susceptible to erosion over time, which plays a 

big role in desertification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15 Parent material classes in the study area 
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4.1.1.3 Rock fragments  

The results in Fig. (4.16) shows that the rock fragment index reached the most dangerous 

level within the weight values. The index for all the soil of the study area were generally 

within class 3 (bare to slightly stony) with a rate of 99.25%.The results also showed a small 

area of class 2 with an area of 19800 ha with a rate of 0.75%. This might causes suitable 

conditions for the acquisition of both water and wind erosion in the absence of rough surfaces 

to protect the soil from erosion. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16 Rock fragment classes in the study area 
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4.1.1.4 Slope grade 

Fig. (4.17) showed that the soil slope grade index was different in study area, but in general it 

did not reach the degree of risk and did not have a significant impact on the process of 

desertification, where the index in the largest part of the study area was within class 2(gentle), 

with an area of 2561000 ha, which occupied 96.80% of total area, and the remaining area was 

divided to classes 1, 3 and 4, which occupied only 3.20% of total study area. 

The effect of water erosion in the gentle to flatlands was almost non-existent; in addition, the 

water holding capacity was larger which helped to alleviate the runoff, erosion and 

desertification. 

 

 

 

 

 

 

 

 

Figure 4.17 Soil slope classes in the study area 
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4.1.1.5 Soil depth 

As shown in (Fig. 4.18) the soil depth index was classified as a class 1(deep). This might 

cause the increasing of vegetation, which in turn reduces the surface runoff and water erosion, 

as well as rough surface formation that impairs wind erosion. A deep soil can assure water 

reserves and can then provide a good condition for vegetation development and growth 

(Lamqadem et al., 2018). 

 

 

 

 

 

 

 

 

 

 

Figure 4.18 Soil depth classes in the study area 
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4.1.1.6 Drainage 

However, the soil drainage classes of the study area (Fig. 4.19) were found to be in class2 

(imperfectly drained) and class 3 (poorly drained) with an area of 2150600 ha and 495000 ha 

with a rate of 81.29% and 18.71%, respectively. 

The slow process of water infiltration increased the probability of surface runoff during the 

rainfall; this could to leads increase the risk of soil erosion. 

 

 

 

 

 

 

 

 

 

Figure 4.19 Soil drainage classes in the study area 
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4.1.1.7 Soil organic matter 

Fig. (4.20) shows the organic matter index. It showed that it contained different amounts of 

the organic matter, which was divided into class 2 (good), class 3 (moderate) and class 4 

(poor). 

The area of class 3 was 2144300 ha with a rate of 81% of the total study area; thus it 

succeeded the class 2 and class 4 that occupied the area of 224800 ha and 276500 ha with a 

rate of 8.5 and 10.5% of the total study area respectively. It is clear from these results that 

organic matter had not played an important role in reducing the risk of desertification .The 

presence of organic matter is helping to increase the growth of plants, especially herbal, 

which increase vegetation, in addition to that the accumulation of organic matter enhance of 

soil aggregation, these factors are expected to increase the soil resistance to erosion. 

 

 

 

 

 

 

 

 

 

Figure 4.20 Soil organic matter classes in the study area 
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4.1.1.8 Soil Calcium carbonates (CaCO3) 

Fig. (4.21) illustrates the effect of calcium carbonate in the soil study area and its role in 

desertification. Class 3 (poor) occupied 2608200 ha with a rate of 98.59% of the total area, 

resulting in poor soil resistance to desertification, (Kadović et al., 2016). 

While class 2 (moderate) occupied 37400 ha with rate of 1.41% of total area. 

 

 

 

 

 

 

 

 

 

Figure 4.21 Soil calcium carbonate classes in the study area 
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4.1.1.9 Soil quality indicator SQI 

In calculating the weight of the soil quality indicator (Fig. 4.22) and comparing it with the 

quality classes in the MEDALUS model, it seemed that the soil of the study area was divided 

into two classes, firstly, class 2 (moderate quality) (2514700 ha), which occupied 95% of the 

study area and the rest was class3 (low quality) with an area of 130900 ha which was equal to 

5% of the total area. 

The low soil quality could be due to a number of factors related to the properties of the soil, 

mainly the limestone soil parent material (Fig.4.15), which had a low resistant to weathering 

and therefore they may be broken down or dissolved by water. The lack of gravel and stones 

scattered in the study area (more than 99% was of the class 3 - Bare to slightly stony) and so 

the soils could be very sensitive to erosion, as well as the effect of soil texture (class 3), which 

reached more than 72% of study area plus the decline of organic matter, at class 3 (poor) with 

a rate of more than 80% of study area. Organic matter and clay increase the ability of soil 

water retention, improve soil aggregations thus minimizes runoff, soil erosion, and 

desertification. 

 

 

 

 

 

 

 

 

 

Figure 4.22 Soil quality indicator classes in the study area 
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4.1.2 Vegetation quality indicator VQI: 

4.1.2.1 Plant cover 

Fig.(4.23) shows the distribution of vegetation in the study area. It was found to fall in class 2 

(low), so the study area was not well protected against desertification. Several studies have 

shown that vegetation plays an important role in reducing surface runoff and the amounts of 

sedimentation. Both surface runoff and loss of sediment content are increased as vegetation 

decreases, this could erosion lead to high, especially if accompanied by increasing soil 

sloping. 

 

 

 

 

 

 

 

 

 

Figure 4.23 Plant covers classes in the study area 
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4.1.2.2 Fire risk 

Fig. (4.24) shows the risk of fires in the study area .It appeared to be of the class 2 (moderate). 

Forest, trees and grasslands fires on the slopes of the highlands, as well as fires in cereal fields 

such as wheat and barley during the summer, had a serious impact on soil degradation and 

desertification due to the effects of soil erosion in the rainy season. 

 

 

 

 

 

 

 

 

 

Figure 4.24 Fire risk classes in the study area 
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4.1.2.3 Drought protection 

Fig. (4.25) shows the drought resistance class which was classified as class 5 (very low). 

The study area was mainly used for cereal crops, including wheat and barley, as well as 

seasonal herbs which are used as animal feeders. These crops were seasonal that grow for a 

certain period and then end, leaving barren land without protection from harsh environmental 

conditions. Otherwise, forest land or land planted with permanent trees tend to hold more 

water and maintains greater moisture. 

 

 

 

 

 

 

 

 

 

Figure 4.25 Drought protection classes in the study area 
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4.1.2.4 Erosion protection 

Fig.(4.26) shows that the study area was divided into two classes according to protection from 

erosion. The area of class 3 (Low) was 803700 ha and class 4 (very low) was 1841900 ha, 

which occupied 30.38% and 69.62% of the total area respectively. 

It is evident that the classes of these criteria are low quality and that the soil of the study area 

is almost devoid of natural protection against erosion. The qualities of the plant cover and its 

duration in the field may play an important role in determining this, as we noted that it 

consisted of cereal crops and pastures which remain for a period of time, this leaves 

possibility for erosion that may lead to desertification. 

 

 

 

 

 

 

 

 

 

Figure 4.26 Erosion protection classes in the study area 
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4.1.2.5 Vegetation quality indicator VQI 

Fig. (4.27) illustrates the nature of vegetation quality indicator. It shows that it consisted of    

class 2 (moderate quality) with an area of 760100 ha and class3 (low quality) which its area 

was 1885500 ha, they occupied 28.73% and 71.27% of the total area, respectively. This could 

be due to the lack of vegetation, especially in the plain areas, which were cultivated by cereal 

crops or used as a natural pastures, this might lead to a low resistance to drought. Also note 

that one-third of the study area is within class 3 (low quality) , this was due to the presence of 

some natural forests and more natural grazing than its predecessor, which leaded to more 

resistance to drought and erosion together, because the vegetation is considered an important 

factor in the process of soil erosion. 

 

 

 

 

 

 

 

 

 

Figure 4.27 Vegetation quality index classes in the study area 
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4.1.3 Climate quality indicator CQI 

4.1.3.1 Rainfall  

Fig. (4.28) shows that the study area was divided into two classes in terms of the quantity of 

precipitation. Class 1 (high quality) where its area was 289800 ha, by about 10.95% of the 

total area, but class 2 (moderate quality) occupied an area of 2355800 ha which was about 

89.05% of the total area. 

The rainfall amount increases with altitude above sea level; we observed that class1 was 

found in limited areas with a rainfall average of more than 500 mm in the mountainous areas 

near the Iranian border. The class 2 occupied the largest part of the study area and was located 

in the foothill areas and adjacent plains for mountainous areas with an average rainfall of 250-

500 mm. 

 

 

 

 

 

 

 

 

 

Figure 4.28 Rainfall classes in the study area 
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4.1.3.2 Aridity index 

Fig. (4.29) shows that the aridity index was divided into two classes 4 and 5 which occupied 

an area of 706500 ha and 1939100 ha with a ratio of 26.70% and 73.30% respectively. 

The aridity index is important in the knowledge of available water in the soil. It is directly 

related to the amount of rainfall, the annual rate of temperature and the evapotranspiration, 

thus, the quality, quantity and distribution of the plant cover. Therefore, it was considered that 

the low quality throughout the study area might be due to high temperature, especially in 

summer season, which leads to increase evapotranspiration, reduce available water in the soil 

and thus reduced vegetation density. 

 

 

 

 

 

 

 

 

 

Figure 4.29 Aridity classes in the study area 
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4.1.3.3 Climate quality indicator CQI 

It is seen in Fig. (4.30) that the climate quality was of the class 2 (moderate quality). This was 

due to the amounts moderate of rain falling in the study area, especially areas that somewhat 

higher than sea level. High summer temperatures and increased evapotranspiration has leaded 

to an increase in the value of the drought index and decrease the amounts of available water in 

the soil and thus decrease the quality of the climate to moderate class. All of the factors 

mentioned above have leaded to a lack of vegetation and therefore a lack of soil resistance to 

the erosion process which inturn leaded to soil degradation and then causing desertification. 

 

 

 

 

 

 

 

 

 

 

Figure 4.30 Climate quality index classes in the study area 
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4.1.4 Management quality indicator MQI 

4.1.4.1 Cropland 

It is clear from (Fig. 4.31) that the all study area was within class 2 ( medium landuse 

intensity), which was located within the agricultural lands that were used to produce cereal 

crops or natural pastures. 

These lands are characterized by the intensity of land use in terms of the use of agricultural 

mechanization, the addition of fertilizers and chemical pesticides, as well as the types of 

cultivated plants and their varieties. 

 

 

 

 

 

 

 

 

 

 

Figure 4.31 Cropland classes in the study area 
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4.1.4.2 Policy 

Figure (4.32) shows that this criteria was divided into three main classes, included class 1 

(high), class 2 (moderate) and class 3 (low) with an area of 486500 ha (18.39%), 715000 ha 

(27.03%) and 1444100 ha (54.58%) respectively.  

These could be related to environmental protection that was imposed for any land use. High 

areas, with a rainfall of more than 650 mm and a dense vegetation cover of trees, was in the 

class1, because more than 75% was under protection, while the other part was in class 2, 

because it was protected by natural vegetation partly, comparatively to the remaining part 

which was in class 3 where it was protected incompletely. 

 

 

 

 

 

 

 

 

 

 

Figure 4.32 Policy classes in the study area 
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4.1.4.3 Management quality indicator MQI 

Fig. (4.33) shows that the study area was divided into three classes, these were class 1 (high) 

and its area was 456200 ha and class 2 (moderate) its area was 747100 ha and finally class 3 

(low) where it was area of 1442300 ha by a rate of 17.24, 28.24 and 54.52% of total study 

area respectively. 

Class 1 was located within the natural forest areas on the Iranian border so it is under natural 

environmental protection against soil erosion process, but the class 3 is located in areas where 

natural grazing areas are exposed to overgrazing by farm animals or it may be used for 

growing wheat and barley crops relying on rain. Thus, they are vulnerable to erosion because 

of the weak natural environmental protection of soil through vegetation. 

 

 

 

 

 

 

 

 

 

 

Figure 4.33 Management quality indicator classes in the study area 
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4.1.5 Environmentally sensitive areas to desertification ESAs 

The Environmentally Sensitive Areas to Desertification ESAs for the study area were shown 

in (Fig. 4.34). It is clear that the most common type is class C3 (Critical) with an area of      

1112700 ha (42.06%), followed by classes C2 and C1 with an area of 759700 ha and 364000 

ha which covered 28.71% and 13.76% of the study area respectively. The Fragile classes (F3 

and F2) occupied 309300 ha and 99900 ha with a rate of 11.69% and 3.78%, respectively. 

The classes C1, C2 and C3 are located in the central and southern parts of the study area. 

These areas are characterized by low organic matter, low vegetation, low conservation 

practices, low rainfall, high aridity, poor environmental conservation, and overgrazing. All 

these are serious problem and could lead to soil degradation, thus they are more variable to 

desertification. Northern regions of the study area which was characterized by the presence of 

classes F2 and F3 are less sensitive to desertification; it is characterized by the presence of 

more vegetation cover, more organic matter, higher environmental conservation, more 

rainfall, and less drought, so the impact of desertification is less. 

Overall, the whole study area is under threat of desertification because of the low quality of 

the soil indicator, climate indicator, and vegetation cover indicator. 

 

 

 

 

 

 

 

 

 

Figure 4.34 Environmentally sensitive areas to desertification classes in the study area 
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4.2 Soil Quality 

According to mean annual precipitation as mentioned by FAO (1998), the study area was 

found to fall in to three zones, included zone 2, zone 3 and zone 4. One way ANOVA tests 

were applied to determine significant differences among these zones in soil characteristics. 

4.2.1 Soil physical properties  

4.2.1.1 Clay fraction 

The results in Fig. 4.35 and Table (4.15) show a significant difference (P˂ 0.05) in clay% 

among arid zones in study area. The clay ratio in zone 4 and zone3 was 38.6 and 37.5% 

respectively, with a significant difference with zone2, which reached 20.7%. 

These differences might be due to the difference in the intensity of the weathering processes 

in arid zones, which inturn resulted from a difference in precipitation that might have led to 

the breakage of primary minerals and soil coarse fractions into secondary clay minerals, 

which is considered as one of the end products of the weathering process. However, over a 

period of time and with the continuation of pedogenic process weathering change the soil 

texture (Foth, 1990; Brady and Weil, 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.35 Soil quality according to the clay% in the study area 
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4.2.1.2 Bulk density 

Fig. (4.36) and Table (4.15) shows insignificant differences (P= 0.163) among arid zones in 

the means of bulk density. Zone 4 outperformed zone 3, which surpassed zone 2 with values 

of (1.66, 1.62 and 1.59) Mg m
-3

 respectively. These results which consistent with those of 

(Moges et al., 2013), could be due to the differences in the amount of precipitation and 

temperature in the study area which inturn could affect the type and intensity of plant cover 

and may reflect organic matter concentration and the corresponding decrease in bulk density. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.36 Soil quality according to the bulk density in the study area 

 

Table 4.15 Summary of the one-way ANOVA table for two physical characteristics of arid zones in the 

study area. 

Sources of variations Df 
Clay% Bulk density 

MS Ρ MS Ρ 

Between groups 2 3225.29 0.000 0.030 0.163 

Within groups 86 105.61  0.016  

Total 88     
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4.2.2 Soil chemical properties 

4.2.2.1 Soil organic carbon content 

Fig. (4.37) and table 4.16 show significant differences in organic carbon content among arid 

zones where the rate of organic carbon were 0.90%, 0.81% and 0.46% for zone 3, zone 4 and 

zone 2 respectively whereas zone3 outperforming zone4 and both outperforming zone2 

significantly. 

These differences could be due to variation in temperatures in the study area in general, which 

could lead to variation in organic matter oxidation, The results also show that zone 2 contains 

less organic carbon compared to zone 3 and zone 4, this might be due to the high mean annual 

temperature in zone 2. The other reason could be due to the differences in the mean annual 

precipitation among the zones area, where higher precipitation occurred in zone 4 because of 

this a variation in plant coverage occurs that encourage higher accumulation of organic matter 

through higher inputs from root biomass and above ground biomass (Yimer et al., 2007; 

Wakene and Heluf, 2003) 

The lower SOC content under zone 2 compared to zone 3 and zone 4 could be due to the 

reduced amount of organic material being returned to the soil system and higher rate of 

oxidation of soil organic matter as a result of continuous high temperature and low 

precipitation (Moges et al., 2013). 

The results also showed that the SOC content was lower that took place in zone 4 compared to 

zone 3. This could be due to the cultivation which promoted SOC loss due to the exposure of 

micro aggregate organic carbon to microbial decomposition by the changing moisture and 

temperature regimes (Reicosky and Forcella, 1998). 
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Figure 4.37 Soil quality according to the mean organic carbon content in the study area 
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4.2.2.2 Soil pH  

Fig. 4.38 shows that the overall pH of the studied soils was found to be moderately alkaline. 

Soil pH did not show any significant variation across zone 2 (7.89), zone 3 (7.86), and zone 4 

(7.77) (P˃0.05, Table 4.16). However, there were differences in values, where in zone2 was 

higher than zone3, which inturn surpassed zone4. 

The lower soil pH in zone4 might be due to the presence of relatively higher organic carbon 

compared to zone2 and zone3. 

 

 

 

 

 

 

 

 

 

Figure 4.38 Soil quality according to the soil pH in the study area 
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4.2.2.3 Soil salinity EC 

The results in Table 4.16 showed insignificant differences among zones of the study area 

(P˃0.05). Soils of all zones were not saline where values were 0.48, 0.38 and 0.20 dS m
-1

 for 

zone 2, zone 3 and zone 4 respectively (Fig. 4.39). This could be due to that the ground water 

was deep, soils were well drained and the nature of parent materials which has protected the 

soil from being saline. 

 

 

 

 

 

 

 

 

 

 

Figure 4.39 Soil quality according to the soil salinity in the study area 
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4.2.2.4 Available potassium 

There was no significant differences among zones in available potassium content (P˃0.05,    

Table 4.16), but they varied in values (Fig. 4.40). Available K was higher in                            

zone 4 (0.614 cmolc kg
-1

) followed by zone 3 (0.564 cmolc kg
-1

) and zone 2                     

(0.451 cmolc kg
-1

). 

The observed higher concentration of available K
+
 in zone 4 and relatively in zone 3 was 

attributed to the application of fertilizers and the intensive land use for agriculture compared 

to zone 2. The lower available K
+
 in the zone 2 could be probably due to soil degradation and 

losses by leaching as in this zone the open grassland and grazing land were denuded of 

vegetation cover. 

 

 

 

 

 

 

 

 

 

 

Figure 4.40 Soil quality according to the available potassium in the study area 
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4.2.2.5 Available nitrogen 

Available nitrogen was the highest in zone 3 (2.334 g kg
-1

) which in significantly followed by 

zone 4 (2.222 g kg
-1

) and both significantly varied with zone 2 (1.567 g kg
-1

) (Fig. 4.41). 

However, the distribution of available nitrogen content (Fig. 4.41) followed a similar pattern 

as organic carbon distribution (Fig. 4.37) and was as the following zone 3 ˃ zone 4 ˃ zone 2. 

Such results is expected since most of the soil nitrogen is bound to organic carbon which has 

been originated from plant and root biomass as well as residues being returned to the soil 

system. This is in agreement with the results of (Khresat et al., 2008) who reported a 

significant difference in total nitrogen between the forest and cultivated land due to the 

differences in soil organic matter content, intensities of erosion, and cultivation. 

According to (Landon, 1991), the principal cause for lower contents of available nitrogen 

comes from biomass removal by organic matter oxidation and insufficient replenishment 

through manure or fertilizers. 

 

 

 

 

 

 

 

 

 

 

Figure 4.41 Soil quality according to the available nitrogen in the study area 
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4.2.2.6 Available phosphorus 

The available P did not show any significant difference in arid zone classes (P˃0.05, Table 

4.16), with values of (4.32, 5.65 and 4.78) µg kg
-1

 for zone4, zone3 and zone 2 respectively. 

The low amount of available phosphorus in all zones might be due the fixation of P by 

calcium carbonate which included a large part of the soil components (Sheraz et al., 2012). 

 

 

 

 

 

 

 

 

 

 

Figure 4.42 Soil quality according to the available phosphorus in the study area 
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4.2.2.7 Exchangeable calcium Ca
2+

 

Concentration of exchangeable calcium did not show any significant variation across all zone 

classes (P˃0.05, Table 4.16). 

As observed in Fig. 4.43, zone 4 had the highest value followed by zone 3 and zone 2 by 

value of (22.5, 22.3 and 18.2) cmolc kg
-1

 respectively. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.43 Soil quality according to the exchangeable calcium in the study area 
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4.2.2.8 Exchangeable magnesium Mg
2+ 

Concentration of exchangeable Mg
2+

 showed a significant variation in arid zone classes 

(P˂0.05, Table 4.16). The values of exchangeable Mg
2+

 were (5.1, 7.4 and 1.6) cmolc kg
-1

 for 

zone 4, zone 3 and zone 2 respectively. 

Zone 2 gave the lowest value and varied with zone 3 and zone 4 significantly, zone 3 

exceeded zone 4 insignificantly (Fig. 4.44). 

 

 

 

 

 

 

 

 

 

 

Figure 4.44 Soil quality according to the exchangeable magnesium in the study area 
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4.2.2.9 Exchangeable sodium Na
+
 

Concentration of exchangeable Na
+
 showed a significant variation with arid zone classes 

(P˂0.05, Table 4.16). The values of exchangeable Na
+
 were (0.2152, 0.2211 and                   

0.1926) cmolc kg
-1

 for zone 4, zone 3 and zone 2 respectively. Zone 3 varied insignificantly 

with zone 4 and both varied significantly with zone 2 (Fig.4.45). The concentration of 

exchangeable Na
+
 was the smallest component in the exchange complexes. Since the 

concentration of exchangeable Na
+
 did not exceed 1 cmolc kg

-1
 (Landon, 1991), accordingly 

results the study area was not regarded as sodic soil (Fig. 4.45). 

 

 

 

 

 

 

 

 

 

 

Figure 4.45 Soil quality according to the exchangeable sodium in the study area 
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4.2.2.10 Exchangeable potassium K
+
 

The results showed significant differences among zone classes of the study area (P˂0.05,     

Table 4.16). The K
+
 values of zones were (0.40, 0.53 and 0.59) cmolc kg

-1
 for zone 2, zone 3 

and zone 4 respectively (Fig. 4.46). 

Zone 2 varied significantly with zone 4, but there was insignificant variation between zone 2 

and zone 3, also between zone 3 and zone 4. The pattern distribution of exchangeable 

Potassium K
+
 was similar to the available K

+
 (Fig. 4.40), this could be because the 

exchangeable K
+
 is consider as part of the available K

+
. 

The observed highest concentration of exchangeable K
+
 in zone4 and relatively zone3 could 

be due to the application of fertilizers and the intensive land use for agriculture compared to 

zone2. The lower exchangeable K
+
 in zone2 could be probably due to soil degradation and 

losses by leaching where the open grassland and grazing land were denuded of vegetation 

cover. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.46 Soil quality according to the exchangeable potassium in the study area 
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4.2.2.11 Cation exchange capacity CEC 

Cation exchange capacity significantly varied in arid zone classes in the study area (P˃0.05, 

Table 4.16). 

Zone 2 was varied significantly with zone 3, and both varied significantly with zone 4.  

The highest value was obtained from zone 4 (26.1 cmolc kg
-1

) followed by                               

zone 3 (21.9 cmolc kg
-1

) and zone2 (15.7 cmolc kg
-1

) (Fig. 4.47) indicating the lower fertility 

status of the soil in zone 2 due to low content of organic carbon (Fig. 4.37) and clay percent 

(Fig. 4.35), which are known to play an important role in soil fertility through their exchange 

sites. 

 

 

 

 

 

 

 

 

 

 

Figure 4.47 Soil quality according to the cation exchange capacity in the study area 
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4.2.2.12 Carbonate mineral CaCO3 

The results in Table (4.16) shows significant variations in carbonate minerals content among 

arid zone classes in the study area (𝑃< 0.05). As shown in Fig. 4.48, the lowest value was 

obtained in zone 4 (171.0 g kg
-1

) followed by zone 3 (204.0 g kg
-1

) and then zone 2 (316.4 g 

kg
-1

).These differences could be attributed to the mean annual precipitation in the study area 

which affects the variation in weathering processes and therefore releasing of Ca
2+

, which 

leads to access of calcification and decalcification processes more strongly in zone 3 and zone 

2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.48 Soil quality according to the calcium carbonate in the study area 



 
 

 

Chapter Four                                                                                                                                                                                                                                        Results and Discussion 

81 

 

 

Table 4.16 Summary of the one-way ANOVA table for some chemical characteristics of arid zones in the study area. 
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4.3 Land Suitability 

The study area was evaluated to see its suitability for wheat crops by adopting the method 

proposed and revised by Sys et al. (1993) (Table 3.13 and 3.14) and it is presented in      

Table (4.17). 

 

4.3.1 Soil depth  

The results in Table (4.17) showed that the soils of study area were deep and there were no 

depth limitations in the form of hardpan or gypsum accumulation. A 100 rate value was given 

to the higher pedons, but pedons in Sangasar, Chwarqurna, Darbandikhan, Altuncopri and 

Gwer were given a rate of 90, and the Dukan, Shwan, Lailan and Qushtapa pedons were given 

a rate of 94-95 due to the presence of petrocalcic horizons or approximately to the parent 

material presence on the highlands. 

 

4.3.2 Soil texture 

The data in Table (4.17) shows that soil texture rate values ranged between 98 and 100 for the 

study area, except for Said Sadiq, Mawat, Qaradakh, Darbandikhan, Khanaqin, Kalar and 

Makhmoor pedons which were rated 85. 

Soil texture is considered one of the important characteristics affecting other soil 

characteristics such as water holding capacity, cation exchange capacity and porosity. The 

results showed that soil textures for the soil of the study area were mostly loamy to medium 

coarse. Therefore, it can be concluded that soil texture was not a limited factor for growing of 

wheat crop. 

 

4.3.3 CaCO3 

The results in Table (4.17) showed that the estimated value of calcium carbonate was between 

40-100, indicating that calcium carbonates, could be considered as a limitation factor for 

wheat growing in most parts of study area, because the percentage of calcium carbonates were 

high and this has affected some of the other physical and chemical properties of the soils, and 

caused a limitation for wheat cultivation in most of the pedons. 
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4.3.4 Soil salinity (EC) 

It is seen from Table (4.17) that the value of soil salinity was more than 90 for most soil. 

Although salinity is one of the major problems in arid and semi-arid region, but the result 

show that there are simple limitations, because the salinity of the soils were not high, this 

might due to the nature of the topography of the area, good drainage and the type of the parent 

material, which leads to the non-salinity of the soil. 

 

4.3.5 Soil reaction (pH) 

The results in Table (4.17) show that the rate value of soil reaction was between (63 -100). It 

could be concluded that most sites of the study area had a moderate and simple limiting 

factor, except for some sites that had no limitation where the value of soil pH was 100. Soil 

reaction did not reach alkalinity which could affect wheat growth. 

 

 4.3.6 Cation exchange capacity (CEC) 

It is clear from Table (4.17) that the value of this characteristic may have a different effect on 

soil suitability. In some locations, there was 60 indicating a specific effect for soil suitability, 

but in other locations are 100, indicating there is no limitation. CEC is an important 

characteristic for plant growth, because it reflects soil susceptibility to nutrient retention and 

its availability, thus it is very relevant to the amount of clay and soil organic matter, which 

differ among the sites of the study area. 

 

4.3.7 Organic carbon (O.C) 

Table (4.17) shows that the values of this rating differed among the study sites, where in most 

sites it was 100 indicating no specific limitation but decreased in others to reach 73. This 

variation is due to differences in the annual temperature and precipitation, which affect the 

density and quality of vegetation and the decomposition of organic carbon. 
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4.3.8 Flooding 

This characteristic did not have any effect on soil suitability for wheat growing throughout the 

study area. Where the value is 100 for all sites (Table 4.17). There is no hazard of flooding 

due to lack of rainfall on one hand and the topographical status of the study area in another. 

 

4.3.9 Soil drainage 

Soil drainage did not play an important role in soil suitability. The Table (4.17) showed that 

the rate value is between (95 -100). This is due to the state of natural drainage characteristic 

of the study area due to the physiography of the area as well as the depth of the ground water. 

 

4.3.10 Base saturation 

Table (4.17) showed that the rate value is 100 for all sites of the study area. This indicates that 

there is no effect on soil suitability according to this. 

 

4.3.11 Total cations (∑cations) 

Table (4.17) shows that the rate value is 100 for all sites of the study area. This indicates that 

there is no effect on soil suitability. 

 

4.3.12 Classification of land suitability of study area for wheat crop growth 

The results in Fig. (4.49) show the dominance of three classes that represent the land 

suitability of the study area for this crop, including S2 (moderately suitable), S3 (marginally 

suitable) and N1 (currently unsuitable). 
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Figure 4.49 Classes of land suitability in the study area 

 

4.3.12.1 Class S2 (moderately suitable) 

 The land of this class is to be moderate suitable for wheat growth, with an area of 260800 ha, 

which about 10% of the study area. 

Land has limitations that are moderately severe for the continued application of a particular 

use, limitations will reduce productivity. The most important limiting affecting of this class is 

soil alkalinity and high calcium carbonates. 

 

4.3.12.2 Class S3 (marginally suitable) 

There are restrictions on land, which is largely for the continued application of a particular 

use and will therefore reduce productivity or benefits, or increase the inputs required, so that 

this expenditure is only marginally justified, and the land is characterized by marginal. Land 

area is of 1834200 ha, which occupied 69.35% of the study area. 

The limitations of this class are due to soil texture, rock fragments, absence of organic matter 

and soil alkalinity. 

 

 



 

Chapter Four                                                                                                                          Results and Discussion 

86 
 

 

4.3.12.3 Class N1 (currently unsuitable) 

Land having limitations that can be overcome in a timely manner cannot be corrected with 

current knowledge at the current acceptable cost; Limits are so severe that they prevent the 

successful sustainable use of the land in the prescribed manner. 

This area is covered 539100 ha, which occupies 20.37% of the study area. 

The most important limiting of this class is related to the amount of rain falling, the 

proportion of CaCO3, soil alkalinity and a decrease in the CEC value. 

In addition, to mentioned, there are very few S1 (high suitable) and N2 (permanently not 

suitable) areas that do not exceed 1% of the study area. 
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Table 4.17 Classes of land suitability in the study area 
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Said Sadiq1 35º 23ʹ 52ʺ 45º 45ʹ 61ʺ 100 95 85 100 100 97 100 100 100 94 100 95.2 69.9 S3 

Said Sadiq2 35º 21ʹ 10ʺ 45º 53ʹ 39ʺ 100 95 98 100 100 100 94.8 100 100 87 100 95.3 72.7 S2 

Said Sadiq3 35º 20ʹ 50ʺ 45º 54ʹ 47ʺ 100 95 100 100 100 100 100 100 100 90 100 95.4 81.5 S1 

Said Sadiq4 35º 25ʹ 17ʺ 45º 36ʹ 27ʺ 100 100 98 50 100 100 100 100 100 87 100 95.2 40.4 S3 

Said Sadiq5 35º 27ʹ 51ʺ 45º 32ʹ 78ʺ 100 100 98 100 100 92 94.9 100 100 91 100 95.3 74 S2 

Said Sadiq6 35º 22ʹ 58ʺ 45º 47ʹ 15ʺ 100 100 98 100 100 96 100 100 100 93 92 95.2 76.2 S2 

C
h

a
m

ch
a

m
a

l 

Chamchamal1 35º 33ʹ 41ʺ 44º 51ʹ 23ʺ 100 95 98 100 100 94 91.9 100 100 90 73 95.2 49.8 S3 

Chamchamal2 35º 30ʹ 84ʺ 44º 45ʹ 23ʺ 100 95 100 72.5 100 91 93.5 100 100 90 100 95.3 50.1 S3 

Chamchamal3 35º 30ʹ 23ʺ 44º 41ʹ 84ʺ 100 95 100 72.5 100 91 93.5 100 100 90 100 95.3 50.1 S3 

Chamchamal4 35º 28ʹ 99ʺ 44º 36ʹ 41ʺ 100 95 100 72.5 100 91 93.5 100 100 90 100 95.3 50.1 S3 

Chamchamal5 35º 28ʹ 08ʺ 44º 32ʹ 98ʺ 100 95 100 72.5 100 91 93.5 100 100 90 100 95.3 50.1 S3 

B
a

zi
a

n
 

Bazian1 35º 38ʹ 33ʺ 45º 03ʹ 22ʺ 100 100 100 100 100 92 100 100 100 88 100 95.3 76.7 S2 

Bazian2 35º 36ʹ 45ʺ 45º 07ʹ 03ʺ 100 100 100 100 100 87 94.8 100 100 93 94 95.2 68.2 S2 

Bazian3 35º 35ʹ 48ʺ 45º 11ʹ 19ʺ 100 100 100 72.5 100 89 100 100 100 88 100 95.2 54.2 S3 

Bazian4 35º 35ʹ 04ʺ 45º 09ʹ 77ʺ 100 100 98 72.5 100 100 100 100 100 86 100 95.3 58.3 S3 

M
a

w
a

t 

Mawat1 35º 53ʹ 70ʺ 45º 23ʹ 68ʺ 100 100 85 90 100 96 88.8 100 100 91 92 91.2 49.6 S3 

Mawat2 35º 53ʹ 77ʺ 45º 24ʹ 52ʺ 100 100 100 100 100 97 100 100 100 100 100 95.3 92 S1 

Mawat3 35º 52ʹ 33ʺ 45º 24ʹ 64ʺ 100 100 100 100 100 97 100 100 100 100 100 95.3 92 S1 

Mawat4 35º 50ʹ 59ʺ 45º 26ʹ 52ʺ 100 100 85 100 100 97 86.7 100 100 90 73 95.3 44.5 S3 

Mawat5 35º 45ʹ 41ʺ 45º 28ʹ 34ʺ 100 100 97 92 100 96 100 100 100 97 100 95.2 79.2 S3 

Mawat6 35º 42ʹ 77ʺ 45º 31ʹ 58ʺ 100 100 97 92 100 96 100 100 100 97 100 95.2 79.2 S3 
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Table (4.17) continued… 
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Qaradakh1 35º 18ʹ 53ʺ 45º 21ʹ 48ʺ 100 95 85 90 100 95 92.7 100 100 100 100 95.4 61 S3 

Qaradakh2 35º 18ʹ 61ʺ 45º 21ʹ 47ʺ 100 95 98 72.5 100 97 94.7 100 100 90 100 95.3 52.9 S3 

Qaradakh3 35º 21ʹ 32ʺ 45º 24ʹ 36ʺ 100 95 98 72.5 100 97 94.7 100 100 90 100 95.3 52.9 S3 

Qaradakh4 35º 20ʹ 40ʺ 45º 16ʹ 88ʺ 100 95 98 72.5 100 97 94.7 100 100 90 100 95.3 52.9 S3 

Qaradakh5 35º 19ʹ 22ʺ 45º 15ʹ 76ʺ 100 95 100 72.5 100 99 100 100 100 88 100 95.2 56.7 S3 

Qaradakh6 35º 18ʹ 72ʺ 45º 14ʹ 99ʺ 100 95 85 72.5 100 96 100 100 100 86 100 95.2 45.7 S3 

S
a

n
g

a
w

 

Sangaw2 35º 16ʹ 51ʺ 45º 09ʹ 75ʺ 100 100 100 72.5 100 90 89.4 100 100 90 100 95.2 50.1 S3 

Sangaw3 35º 19ʹ 66ʺ 45º 09ʹ 68ʺ 100 100 98 40 100 86 87.8 100 100 91 100 95.7 25.7 S3 

Sangaw4 35º 22ʹ 21ʺ 45º 07ʹ 25ʺ 100 100 100 100 100 72 87.8 100 100 92 100 95.3 55.2 S3 

Sangaw5 35º 24ʹ 51ʺ 45º 04ʹ 16ʺ 100 100 100 100 100 72 87.8 100 100 92 100 95.3 55.2 S3 

S
a

n
g

a
sa

r Sangasar1 36º 14ʹ 26ʺ 45º 02ʹ 47ʺ 100 95 98 90 90 95 100 100 100 87 100 95.2 59.8 S3 

Sangasar2 36º 12ʹ 99ʺ 44º 58ʹ 73ʺ 100 95 100 90 90 97 100 100 100 92 100 95.3 64.9 S2 

Sangasar3 36º 13ʹ 43ʺ 44º 54ʹ 44ʺ 100 95 98 100 90 87 100 100 100 92 100 95.2 63.9 S2 

C
h

w
a

rq
u

rn

a
 

Chwarqurna1 36º 12ʹ 84ʺ 44º 52ʹ 32ʺ 100 95 98 100 90 99 100 100 100 90 100 95.2 70.7 S2 

Chwarqurna2 36º 12ʹ 00ʺ 44º 46ʹ 75ʺ 100 95 98 100 90 85 100 100 100 91 100 95.3 62.2 S2 

Chwarqurna3 36º 10ʹ 17ʺ 44º 42ʹ 62ʺ 100 95 100 72.5 90 100 100 100 100 87 100 95.2 51.2 S3 

D
u

k
a

n
 

Dukan1 36º 07ʹ 26ʺ 44º 43ʹ 93ʺ 100 100 100 90 95 80 90.7 100 100 90 100 95.3 52.9 S3 

Dukan2 36º 04ʹ 91ʺ 44º 45ʹ 47ʺ 100 100 100 100 95 73 93.6 100 100 89 100 95.3 55.4 S3 

Dukan3 36º 02ʹ 44ʺ 44º 48ʹ 34ʺ 100 100 98 90 95 98 100 100 100 86 100 95.3 67.6 S2 

Dukan4 35º 53ʹ 15ʺ 44º 59ʹ 02ʺ 100 100 100 72.5 95 89 94.8 100 100 86 100 95.3 47.6 S3 
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Table (4.17) continued… 
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 Dukan5 35º 50ʹ 74ʺ 45º 03ʹ 89ʺ 100 100 98 90 95 82 93.5 100 100 94 73 95.2 41.6 S3 

D
a
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a

n
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h

a
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Darbandikhan2 35º 05ʹ 21ʺ 45º 40ʹ 96ʺ 100 95 85 40 90 99 88.7 100 100 88 100 95.2 21.2 N2 

Darbandikhan3 35º 03ʹ 73ʺ 45º 39ʹ 82ʺ 100 95 98 100 90 88 85 100 100 87 100 95.3 51.6 S3 

Darbandikhan4 35º 00ʹ 23ʺ 45º 36ʹ 76ʺ 100 95 98 72.5 90 71 91.2 100 100 92 93 95.3 32.1 N1 

K
a

la
r 

Kalar1 34º 50ʹ 16ʺ 45º 31ʹ 21ʺ 100 95 95 40 100 74 92.6 100 100 90 100 95.2 21.2 N2 

Kalar2 34º 45ʹ 34ʺ 45º 27ʹ 69ʺ 100 95 85 100 100 100 86.7 100 100 91 73 95.2 43.7 S3 

Kalar3 34º 39ʹ 68ʺ 45º 23ʹ 90ʺ 100 95 95 100 100 91 89.6 100 100 91 100 95.3 63.5 S2 

Kalar4 34º 34ʹ 17ʺ 45º 16ʹ 06ʺ 100 95 98 100 100 98 85 100 100 100 73 97.2 54.3 S3 

K
h

a
n

a
q

in
 

Khanaqin1 34º 25ʹ 44ʺ 45º 20ʹ 60ʺ 100 95 100 40 100 76 86.6 100 100 88 100 95.5 21 N2 

Khanaqin2 34º 21ʹ 39ʺ 45º 23ʹ 92ʺ 100 95 85 40 100 78 60 100 100 90 88 95.2 11.4 N2 

Khanaqin3 34º 23ʹ 52ʺ 45º 21ʹ 43ʺ 100 95 85 100 100 78 60 100 100 90 88 95.2 28.5 N1 

Khanaqin4 34º 26ʹ 83ʺ 45º 19ʹ 78ʺ 100 95 85 100 100 78 60 100 100 86 94 96.8 29.3 N1 

S
h

w
a

n
 

Shwan1 35º 33ʹ 20ʺ 44º 22ʹ 76ʺ 100 85 98 72.5 95 94 85 100 100 90 86 95.5 34 N1 

Shwan2 35º 33ʹ 53ʺ 44º 22ʹ 52ʺ 100 95 95 72.5 95 94 85 100 100 88 86 95.2 35.5 N1 

Shwan3 35º 36ʹ 50ʺ 44º 22ʹ 59ʺ 100 95 98 72.5 95 87 87 100 100 91 94 95.3 39.3 N1 

Shwan4 35º 40ʹ 87ʺ 44º 24ʹ 24ʺ 100 95 98 72.5 95 87 87 100 100 91 94 95.3 39.3 N1 

Shwan5 35º 43ʹ 42ʺ 44º 27ʹ 25ʺ 100 85 98 72.5 95 65 85 100 100 90 94 95.5 25.5 N1 
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Table (4.17) continued… 
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Altunkopri1 35º 38ʹ 54ʺ 44º 17ʹ 72ʺ 100 95 98 100 90 92 86.7 100 100 90 100 95.3 57.4 S3 

Altunkopri2 35º 40ʹ 98ʺ 44º 14ʹ 66ʺ 100 95 98 100 90 92 86.7 100 100 90 100 95.3 57.4 S3 

Altunkopri3 35º 42ʹ 61ʺ 44º 12ʹ 54ʺ 100 95 98 100 90 92 86.7 100 100 90 100 95.3 57.4 S3 

Altunkopri4 35º 41ʹ 77ʺ 44º 11ʹ 70ʺ 100 85 100 100 90 94 89.1 100 100 90 100 95.3 54.9 S3 

Altunkopri5 35º 44ʹ 66ʺ 44º 10ʹ 15ʺ 100 85 100 100 90 94 89.1 100 100 90 100 95.3 54.9 S3 

D
a

q
u

q
 

Daquq1 35º 15ʹ 82ʺ 44º 21ʹ 82ʺ 100 85 98 100 100 67 85 100 100 92 73 95.3 30 N1 

Daquq2 35º 12ʹ 47ʺ 44º 23ʹ 60ʺ 100 85 98 100 100 67 85 100 100 92 73 95.3 30 N1 

Daquq3 35º 10ʹ 18ʺ 44º 25ʹ 12ʺ 100 85 98 100 100 67 85 100 100 92 73 95.3 30 N1 

Daquq4 35º 10ʹ 06ʺ 44º 25ʹ 43ʺ 100 85 98 100 100 88 60 100 100 98 73 97.6 30.6 N1 

L
a

il
a

n
 

Lailan1 35º 18ʹ 93ʺ 44º 28ʹ 45ʺ 100 85 100 100 94 71 85 100 100 100 73 97.6 34 N1 

Lailan2 35º 18ʹ 58ʺ 44º 24ʹ 70ʺ 100 85 100 100 94 71 85 100 100 100 73 97.6 34 N1 

Lailan3 35º 19ʹ 01ʺ 44º 26ʹ 97ʺ 100 85 100 100 94 61 88.7 100 100 69 100 95.4 28.2 N1 

Lailan4 35º 21ʹ 39ʺ 44º 28ʹ 00ʺ 100 85 100 100 94 71 85 100 100 100 73 97.6 34 N1 

Q
u

sh
ta

p
a

 

Qushtapa1 35º 48ʹ 35ʺ 44º 06ʹ 56ʺ 100 85 98 100 94 81 85 100 100 63 73 95.2 23.2 N2 

Qushtapa2 35º 53ʹ 10ʺ 44º 04ʹ 70ʺ 100 85 100 100 94 81 85 100 100 63 73 95.2 23.7 N2 

Qushtapa3 35º 59ʹ 16ʺ 44º 02ʹ 02ʺ 100 95 100 100 94 80 85.1 100 100 92 87 95.3 46.5 S3 

Qushtapa4 35º 58ʹ 46ʺ 43º 59ʹ 74ʺ 100 95 100 100 94 80 85.1 100 100 92 87 95.3 46.5 S3 

Qushtapa5 35º 55ʹ 88ʺ 43º 56ʹ 78ʺ 100 95 100 100 94 40 88.2 100 100 89 73 95.7 19.6 N2 
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Table (4.17) continued… 
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Makhmoor1 35º 52ʹ 63ʺ 43º 46ʹ 40ʺ 100 85 100 100 100 88 60 100 100 93 73 95.2 28.8 N1 

Makhmoor2 35º 50ʹ 40ʺ 43º 42ʹ 76ʺ 100 85 100 100 100 88 60 100 100 93 73 95.2 28.8 N1 

Makhmoor3 35º 48ʹ 33ʺ 43º 39ʹ 23ʺ 100 95 98 100 100 44 85 100 100 92 73 95.3 21.9 N2 

Makhmoor4 35º 47ʹ 75ʺ 43º 36ʹ 08ʺ 100 95 85 90 100 95 85.1 100 100 99 73 97.4 41.1 S3 

Makhmoor5 35º 47ʹ 62ʺ 43º 35ʹ 85ʺ 100 95 85 90 100 68 85 100 100 87 86 95.9 30.2 N1 

G
w

er
 

Gwer1 35º 55ʹ 38ʺ 43º 42ʹ 30ʺ 100 95 98 100 90 78 85.4 100 100 90 85 95.3 40.8 S3 

Gwer2 35º 56ʹ 31ʺ 43º 39ʹ 66ʺ 100 95 98 100 90 78 85.4 100 100 90 85 95.3 40.8 S3 

Gwer3 35º 57ʹ 99ʺ 43º 35ʹ 71ʺ 100 95 98 100 90 76 87.6 100 100 89 94 95.4 44.6 S3 

Gwer4 36º 01ʹ 59ʺ 43º 31ʹ 57ʺ 100 95 98 90 90 85 86.9 100 100 99 92 98.1 50.1 S3 

Gwer5 36º 02ʹ 02ʺ 43º 29ʹ 65ʺ 100 85 100 90 90 90 85 100 100 91 92 95.5 42 S3 

L.S.1: Land suitability index          L.S.C: Land suitability classes 
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4.4 Land capability classification 

The results in (Fig.4.50) and (Table 4.18) showed that the Land Capability Classes were 

divided into five main categories including Class II, Class III, Class IV, Class V and Class VI 

as follows: 

 

Table 4.18 Land Capability Classes for study area 

 

Class Area (ha) % to total area 

II 42500 1.6 

III 77000 2.9 

IV 2090600 79 

V 420000 15.9 

VI 15500 0.6 

Total 2645600 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.50 Land Capability Classes for the study area 

 

 

 

 

II 

III 

IV 

V 

VI 



 

Chapter Four                                                                                                                          Results and Discussion 

93 
 

 

Class II: 

Capability sub-class of this class included IIe1 and IIs1e1 

This class covers 42500 ha, which accounts for 1.6%. It is distributed mainly in the eastern of 

the study area which mainly included Said Sadiq or Sharazoor plain. 

This capability class is characterized by gentle slope (1-5 %) and very deep soil with none to 

moderate erosion. Clayey to silty clay soil texture increases the available water capacity. 

Nearly level land coupled with fined texture soil inhibits the free drainage of excess water. 

Thus this class is characterized by moderately well drainage soil and moderately rapid 

permeability. This class is very suitable for agriculture with very minor or no physical 

limitations. 

 

Class III: 

Capability sub-class of this class included IIIe, IIIs, IIIew, IIIc, and IIIce. 

The land capability class III covers an area of 77000 ha, which accounts for 2.9% of the total 

study area (Table 4.18) distributed in eastern, southeastern and isolated parts in the middle 

and north of the study area which mainly included Said Sadiq, Bazian, Chwarqurna and 

Sangasar plain (Fig. 4.50). 

This capability class is characterized by moderate slope (5-7 %). Soils are deep to very deep 

with none to moderate soil erosion. This capability class is characterized by moderately well 

to imperfect soil drainage. 

 

Class IV: 

Covering an area of 2090600 ha (79%) (Table 4.18). This indicates that this class occupies 

more than two-thirds of study area. 

Capability sub-class of this class included IVe, IVs, IVes, and IVc. 

This capability class has some inherent physical limitations, moderate soil depth in more parts 

and moderate available water capacity, slight to moderate soil erosion resulting from 

moderate sloping. 
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Class V: 

This capability class is sporadically distributed all over the study area ,where it was found in 

Daquq, Lailan, Shwan, Khanaqin, Kalar, Sangaw, and Darbandikhan (Fig. 4.50), covering 

420000 ha, which account for 15.9% of total area (Table 4.18). 

This capability class is characterized by physical limitations with undulating land surface, 

sloping land and moderate to severe soil erosion. Productive potential of this class is very low 

so it is marginally suitable for agriculture. 

 

Class VI: 

This class is distributed in a narrow range in the center and north covering an area of      

15500 ha (only 0.6% from the study area). 

This land class is characterized by very severe physical characteristics where the slope is 

severe in some parts leading to severe erosion and shallow soil, relative high temperature and 

low precipitation so it is hardly or non suitable for agricultural, but it is suitable for pasture.  
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4.5 Soil Classification of the Study Area 

Based on data obtained in the field and laboratory analysis, soils were classified according to 

the Soil Taxonomy USDA, (2014) to level subgroup as follows:- 

 

Table 4.19 Soil classification for study area 

Pedon No. Pedon location Latitude Longitude Soil classification 

1 Said Sadiq 35º 23ʹ 52ʺ 45º 45ʹ 61ʺ Vertic Calcixerolls 

2 Chamchamal 35º 33ʹ 41ʺ 44º 51ʹ 23ʺ Vertic Haplocalcids 

3 Bazian 35º 36ʹ 55ʺ 45º 06ʹ 98ʺ Vertic Haploxerolls 

4 Mawat 35º 53ʹ 70ʺ 45º 23ʹ 68ʺ Typic Haploxerolls 

5 Qaradakh 1 35º 18ʹ 53ʺ 45º 21ʹ 48ʺ Aridic Calcixerolls 

6 Qaradakh 2 35º 18ʹ 61ʺ 45º 21ʹ 47ʺ Aridic Calcixerolls 

7 Sangaw 35º 16ʹ 51ʺ 45º 09ʹ 75ʺ Vertic Calcixerepts 

8 Sangasar 36º 14ʹ 26ʺ 45º 02ʹ 47ʺ Chromic Calcixererts 

9 Chwarqurna 36º 12ʹ 00ʺ 44º 46ʹ 75ʺ Vertic Calcixerepts 

10 Dukan 35º 53ʹ 15ʺ 44º 59ʹ 02ʺ Lithic Calcixerepts 

11 Darbandikhan 35º 05ʹ 21ʺ 45º 40ʹ 96ʺ Fluventic Haploxerepts 

12 Kalar 34º 34ʹ 17ʺ 45º 16ʹ 06ʺ Xeric Haplocalcids 

13 Khanaqin 34º 25ʹ 44ʺ 45º 20ʹ 60ʺ Xeric Haplocalcids 

14 Shwan 35º 33ʹ 53ʺ 44º 22ʹ 52ʺ Lithic Xeric Haplocalcids 

15 Altuncopri 35º 41ʹ 77ʺ 44º 11ʹ 70ʺ Xeric Haplocalcids 

16 Daquq 35º 10ʹ 06ʺ 44º 25ʹ 43ʺ Xeric Haplocalcids 

17 Lailan 35º 19ʹ 10ʺ 44º 27ʹ 83ʺ Xeric Haplocalcids 

18 Qushtapa 35º 55ʹ 88ʺ 43º 56ʹ 78ʺ Xeric haplocalcids 

19 Makhmoor 35º 47ʹ 75ʺ 43º 36ʹ 08ʺ Xeric Haplogypsids 

20 Gwer 36º 02ʹ 02ʺ 43º 29ʹ 65ʺ Xeric Haplocalcids 
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CHAPTER FIVE 

CONCLUSIONS 

By completing the study, the following points were concluded:- 

1. Large areas of Iraq and the Iraqi Kurdistan region are exposed to soil degradation, 

especially desertification hazard. 

2. Geographic information system GIS is an effective technique for determining 

desertification and mapping, which helps to explain and predict many causes of 

desertification. 

3. Soil quality varies according to changes in climatic conditions in study area. 

4. Soils differed in their suitability for wheat cultivation according to the variation in soil 

conditions. 

5. Land capability classification of the study area varied, this is mainly due to the mean 

annual precipitation and temperature. 
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CHAPTER SIX 

RECOMENDATIONS 

After achievement of the study, we recommend the following: 

1. Conduct studies in other parts of Iraq and Iraqi Kurdistan Region to assess soil 

degradation and desertification. 

2. Mapping an environmental map of the dry lands in Iraq and Iraqi Kurdistan 

Region requires the diagnosis of degraded land, especially, deserted, eroded and 

saline affected soils. 

3. Conduct studies on narrowband areas to determine soil quality especially for the 

fertile and productive soils.  

4. Carry out studies to compare other methods for estimating desertification and to 

find special models for conditions of Iraq. 

5. Conduct studies to assess soil quality quantitatively, by means of special equation 

related to this. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

98 
 

REFERENCES 

Abdul Hady, Y.M. (1986) Fundamentals of earth and water science. King Fusal, Univ., Kuwait. 

Abdulla, K.A. and Dawood, S.M. (2005) Wind erosion and dust storm in relation to climate conditions, in 

Bagdad area. Iraq Al-Mustansiriya. J. Sci., pp: 82-88. 

AISLUS (1971) All India Soil and Land Use Survey. New Delhi: Soil Survey Manual, Indian Agricultural 

Research Institute (IARI) Publ. 

Andrews, S.S., Karlen, D.L. and Cambardella. C.A. (2004) The soil management assessment framework: A 

quantitative soil quality evaluation method. Soil Sci. Soc. Am. J. 68, pp1945-4962. 

Andrews, S.S., Karlen, D.L. and Mitchell J.P. (2002) A comparison of soil quality indexing methods for 

vegetable production systems in northern California. Agric. Ecosyt. Environ. 90, pp 25-45. 

Arshad M.A., and Martin, S. (2002) Identifying critical limits for soil quality indicators in agro-ecosystem. 

Agric. Ecosyt. Environ. 88, pp 153-160. 

Bai, Z.G., Dent, D.L., Olsson, L. and Schaepman, M.N. (2008) Global Assessment of Land Degradation and 

Improvement 1: Identification by Remote Sensing. Report 2008/01, FAO/ISRIC- Rome/Wageninegen. 

Ball, A., and De la Rosa, D. (2006) Modeling possibilities for the assessment of soil systems. In: Uphoff, N., 

Ball, A., Fernandes, E., Herren, H., Husson, O., Laing, M., Palm, Ch., Pretty, J. Sanchez, P., Sanginga, 

N. & Thies, J. (Eds.), Biological approaches to sustainable soil systems. Boca Raton, FL: Taylor & 

Francis/CRC Press, pp 638-692. 

Barrow, C.J. (2009) Desertification.In Kitchin.R and Thrift N. (eds.) International Encyclopedia of Human 

Geography vol. 3.Elsevier. Oxford, pp96-10. 

Barzani, M. and Khairulmaini, O.S. (2013) Desertification risk mapping of the Zayandeh Rood Basin in Iran, J. 

Earth Syst. Sci., 122,pp 1269-1282, http://doi.org/10.1007/s12040-013-0348-1. 

Basso, F., Bellotti, A., Faretta, S., Ferrara, A., Mancino, G. and Quaranta Psanete, G. (1999) Application of the 

MEDALUS Methodology for defining EI in the Lesvos Island, European Commission. 

Bastida, F., Zsolnay, A. Hernandez, T. and Garcia, C. (2008) Past, present and future of soil quality indices: a 

biological perspective. Geoderma 147, pp 159-171. 

Beinroth, F.H., Eswaran, H., Reich, P.F. and Van Den Berg, E. (1994) Land related stresses in agroecosystems. 

In: Stressed Ecosystems and Sustainable Agriculture, eds. S.M. Virmani. J.C. Katyal, H. Eswaran. And 

L.P. Abrol. New Delhi: Oxford and IBH. 

Benmessaud, H..Kalla, M., and Driddi, H. (2010) The use of GIS data in the desertification risk cartography: 

Case study of south Aurés Region in Algeria. In Land Degradation and Desertification: Assessment, 

Mitigation and Remediation; Springer Netherlands: Dordrecht, The Netherlands, pp 81-95. 

 

http://doi.org/10.1007/s12040-013-0348-1


 

                                                                                                                                                                   References 

99 
 

 

Bini, C. (2009) Soil: A precious natural rsource. In Conservation of Natural Resources; Kudrow, N.J., Ed.; Nova 

Science Publishers: Hauppauge, NY, USA, pp 1-48. 

Black, G. R. (1965) "Bulk density," In Black, C.A. (ed). Methods of Soil Analysis, part 1, American Society of 

Agronomy. 

Blake, G.R. and Hartge, K.H. (1986) Particle density. In A. Klute (ed.) Method of Soil Analysis, Part 1: Physical 

and Mineralogical Methods. Agronomy Monograph No 9. 2
nd

 ed. ASA an SSSA, Madison, Wisconsin, 

pp377-382. 

Bouabid, R., Rouchdi, M., Badraoui, M., Diab, A., and Louafi, S. (2010) Assessment of land desertification 

based on the MEDALUS approach and elaboration of an action plan: The case study of the Souss River 

Basin, Morocco. In Land Degradation and Desertification: Assessment, Mitigation and Remediation; 

Springer: Dordrecht, The Netherlands, pp: 131-145. 

Boudjemline, F., and Semar, A. (2018) Assessment and mapping of desertification sensitivity with MEDALUS 

model and GIS-Case study: basin of Hodna, Algeria. J. Water Land Dev., pp 17-26. 

Brady, N. C. and Weil, R.R. (2002) The Natural and Properties of Soils. 13
th

 ed. Prentice Hall. Upper Saddle 

River, NJ, USA. 

Brejda, J.J., Karlen, D.L., Smith, J.L., and Allan, D.L. (2000b) Identification of regional soil quality factors and 

indicators: II. Northern Mississippi loess hills and Palouse prairie. Soil Science Society of America 

Journal.64, pp 2125-2135. 

Brejda, J.J., Moorman,T.B., Karlen, D.L., and Dao, T.H. (2000a) Identification of regional soil quality factors 

and indicators: 1. Central southern high plains. Soil Science Society of America Journal.64, pp2115-

2124. 

Contado, J.F.L., Schnabel, S., Gutiérrez, A.G., and Fernández, M.P. (2009) Mapping sensitivity to land 

degradation in Extremadura. SW Spain. Land Degrad. Dev. 20, pp129-144. 

CSIRO (2011) Sustainability in Australia's Arid Lands, online document. 

http://www.csiro.au/Outcomes/Water/Rural-and-regional-water/arid-land-sustainability.aspx>. 

Deichman, U. and Eklundh, L. (1991) Global Datasets for Land Degradation Studies:  A GIS Appraoch. GRID 

Case Study Series 4. 

Doran, J.W. (2002) Soil health and global sustainability: translating science into practice. Agriculture, 

Ecosystem and Environment 88, pp 119-127. 

Doran, J.W., and Zeiss, M.R. (2000) Soil Health and sustainability: managing the biotic component of soil 

quality. Appl. Soil Ecol. 15, pp 3-11. 

Doran. J.W. and Parkin, T.B. (1996) Quantitative indicators of Soil Quality: A Minimum data set. In Doran, J.W 

et al. (ed.) Methods for Assessing Soil Quality. SSSA, Madison, WI, pp25-37. 

http://www.csiro.au/Outcomes/Water/Rural-and-regional-water/arid-land-sustainability.aspx%3e


 

                                                                                                                                                                   References 

100 
 

 

Dregne H., Kassas M., and Rozanov B. (1991) A new assessment of the world status of desertification. UNEP. 

Desertification Control Bull 20, pp 6-18. 

Dregne, H.F. (1977) Desertification of Arid Lands. Economic Geography 53, pp.322-331. 

Ekhtesasi, M.R., and Mohajeri, S. (1995) Iranian classification of desertification method. In 2
nd

 National 

Conference of Desertification and Combating Desertifacation Methods. Kerman, Iran. 

Eliasson, A., Rinaldi, F.M., and Linde, N. (2003) Multicriteria decision aid in supporting decisions related to 

groundwater protection. Environ. Manage, 32, pp589-60. http://doi.org/10.1007/s00267-003-2906-9. 

Estefan G., Rolf S. and John R. (2013) Methods of soil, plant, and water analysis. A manual for the west Asia 

and north Africa region. 3
rd

 (ed). ICARDA (International Center for Agricultural Research in the Dry 

Areas) Box 114/5055, Beirut, Lebanon. 

Eswaran, H., Lal, R. and Reich, P.F. (2001) Land degradation: an overview. In: Bridges, E.M., Hannam, I.D., 

Oldman, L.R.,Pening de Vries, F.W.T., Scherr, S.J., and Sompatpanit, S. (eds.). Responses to Land 

Degradation. Proc. 2
nd

. International Conference on Land Degradation and Desertification, Khon Kaen, 

Thailand. Oxford Press, New Delhi, India. 

FAO (Food and Agricultural Organization, United Nation) (1978) Agricultural report on Agric-ecological zones 

project. Methodology and result for Africa. World Soils Resources Report No. 48. FAO, Rome,pp 148. 

FAO (1998) Arid Zone Foresty: A Guide for Field Technicians. In: FAO Conservation Guide, 20. Food and 

Agriculture Organization of the United Nations, Rome. 

FAO (2003) Towards sustainable agricultural development in Iraq: The Transition from Relief, Rehabilitation 

and Reconstruction to Development, pp 222. 

Farajzadeh M. and Mahbobeh N.E. (2007) Evaluation of MEDALUS model for desertification hazard zonation 

using GIS study area: Iyzad Khast plain, Iran. Pakistan Journal of Biological Sciences. 10(16), pp 3. 

Foth, H.D. (1990) Fundamental of Soil Science. 8
th

 edition. John Wiley and Sons, New York, NY, USA. 

Friedman, D., Hubbs, M. Tugal, A. Seybold, C. and Sucik, M. (2001) Guidelines for Soil Quality Assessment in 

Conservation Planning [online]. (accessed 24 Fed. 2014). 

http:/www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2-051259.pdf 

Gardner, W.H. (1986) Water content. In A. Klute (ed.) Methods of soil analysis, Part 1 2
nd

 ed. Agron. Monogr. 

9. ASA and SSSA, Madison, WI., pp 493-544. 

Glantz, M.H., and Orlovsky, N.S. (1983) Desertification: A review of the concept. Desertification Control Bullet 

in 9, pp 2-3. 

Glover, J.D., Reganold, J.P. and Andrews, P.K. (2000) Systematic method for rating soil quality of conventional, 

organic, and integrated apple orchards in Washington State. Agric. Ecosyst. Environ. 80, pp 29-45. 

 

http://doi.org/10.1007/s00267-003-2906-9
http://ascidatabase.com/author.php?author=Manuchehr%20Farajzadeh&last=


 

                                                                                                                                                                   References 

101 
 

 

Govaerts, B., Sayre, K.D. and Deckers, J. (2006) A minimum data set for soil quality assessment of wheat and 

maize cropping in the highlands of Mexico. Soil & Tillage Research. 87, pp 163-174. 

Guest, E. (1966) Flora of Iraq. Vol, 1. Bagdad: Ministry of Agriculture of the Republic of Iraq. 

Gugino, B.K., Idowu,O.J., Schindelbeck, R.R.,van Es, H.M.,Wolfe, D.W., Moebiu-Clune, B.N., Thies, J.E. and 

Abawi, G.S. (2009) Cornell Soil Health assessment Training Manual, Edition 2.0, Cornell University, 

Geneva, NY. 

Helldén, U. (2003) Desertification and Theories of Desertification Control: A discussion of Chinese and 

European concept. In S. Guangchang (Ed.). Proccedings of the China-EU Workshop on Integrated 

Approach to Combat Desertification. Ministry of Science and Technology of China Association for 

International Sciences and Technology Cooperation, pp 94-104. 

Herrick, Jeffrey E. (2000) Soil Quality: an indicator of sustainable land management. Appl. Soil Ecol. 15, pp 75-

83. 

Hillel, D. and Rosenzweig, C. (2002) Desertification in relation to climate variability and change. Adv. Agron. 

77, pp 1-38. 

Hussain, I., Olson, K.R., Wander, M.M. and Karlen, D.L. (1999) Adaptation of soil quality indices and 

application to three tillage systems in southern Illinois. Soil Tillage Res. 50, pp 237-249. 

Idowu, O.J., van Es, H.M., Abawi, G.S.,Wolfe, D.W., Ball, J.I., Gugino, B.K., Moibius, B.N., Schindelbeck, 

R.R. and Bilgili, A.V. (2008) Farmer-oriented assessment of soil quality using field, laboratory, and 

VNIR spectroscopy methods. Plant Soil 307, pp 243-253. 

Jackson, M.L. (1956) Soil Chemical Analysis. Prentice Hall, Inc. 

[vlab.amrita.edu/?sub=2&brch=294&sim=1551&cnt=2] 

Jackson, M.L. (1967) Soil Chemical Analysis. Prentice Hall of Englewood cliffs, New Jersey, USA. 

Jackson, M.L. (1973) Soil Chemical Analysis. Prentice Hall of Englewood cliffs, New Jersey, USA. 

Jawad T.K., O.T. Al-Taaiand Y.K. Al-Timimi (2018) Evaluation of Drought in Iraq Using DSI. by Remote 

Sensing. Iraqi Journal of Agricultural Sciences, 49(6), pp 0018-0041. 

Kadović, R., Yousef, A.M.B., Veljko, P., Snežana, B.S., Mirjana, T., Sonja, T., Milosav, A., Dragan, M., and 

Una, D. (2016) Land Sensitivity Analysis of Degradation using MEDALUS model: Case Study of 

Deliblato Sands, Serbia. Archives of Environmental Protection, 42(4), pp 114. 

Kamel, A., Ali, H.,Ghaleb, F., Mario, M. and Tony, G. (2015) GIS-based mapping of areas sensitive to 

desertification in a semi-arid region in Lebanon. South-Eastern Eur. J. Earth Obs. Geomat. 4, pp 91-

103. 

Karamesouti, M., Panagos, P. and Komas, C. (2018) Model-based spatio-temporal analysis of land 

desertification risk in Greece. CATENA. 167, pp266-275. 



 

                                                                                                                                                                   References 

102 
 

 

Karlen, D.I., Mausbach, M.J., Doran, J.W., Cline, R.G., Harris, R.F. and Schumman, G.E. (1997) Soil Quality: A 

concept, Definition, and framework for Evaluation. Soil Sci. Soc. Am. J. 61, pp 4-10. 

Karlen, D.L., Wollenhaupt, N.C., Erbach, D.C., Berry, E.C. Swan, J.B., Eash, N.S. and Jordhal, J.I (1994) Crop 

residue effects on soil quality following 10-years of no-till corn. Soil Tillage Res. 31, pp 149-167. 

Karlen. D.L., Stott, D.E. (1994) A framework for evaluating physical and chemical indicators of soil quality. In: 

Doran, J.W. et al. (ed) Defining soil quality for a sustainable environment. SSSA and ASA, Madison, 

WI, USA, pp 53-72. 

Kharin, N., Tateishi, R. and Harahsheh, H. (2000) A new desertification map of Asia. Desertification Control 

Bulletin, 36, pp 4-17. 

Khosravi, H. (2003) Investigation of  Kashan plain desertification using MEDALUS methodology. M.Sc Thesis, 

University of Tehran, Iran. 

Khresat, S., Al-Bakri, J., and Tahnan R. (2008) Impacts of land use/cover change on soil properties in the 

Mediterranean region of north western Jordn. Lan Degradation and Development, 19(4), pp 397-407. 

Kosmas C., Ferrara, A., Briasouli, H., and Imeson, A.(1999a) “Methodology for mapping Environmentally 

Sensitive Areas (ESAs) to Desertification”, In: Kosmas, C., M. Krikby and N. Geeson (Ed). “The 

MEDALUS project: Mediterranean desertification and land use. Manual on key indicators of 

desertification and mapping environmentally sensitive areas to desertification”. Project report. 

European Conunission, pp 36-41. 

Kosmas, C., Karavitis, C. A., Risema, C. J. And Açıkalın, S.(2014) Evaluation and Selection of Indicators for 

Land Degradation and Dese rtification Monitoring: Metholodogical Approach. Environmental 

Management. DOI: 10.1007/s00267-013-0109-6.Source: Pub Med. 

http://www.researchgat.net/publication/241697535. 

Kosmas, C., Krikby, M. and Geeson, N. (1999c) Manual on key indicators of desertification and mapping 

environmentally sensitive areas for desertification. European Commission. 

Kosmas, C., Gorontidis, S.,Dersis,V., Zafiriou, T.H. and Marathionou, M.(1999b) Application of the 

MEDALUS methodology for defining ESA in the Agri. Basin (Italy). European Commission. 

Ladisa, G.,Todorovic, M. and TrisorioLiuzzi, G. (2012) A GIS-based approach for desertification risk 

assessment in Apulia region. SE Italy. Phys. Chem. Earth. Parts A/B/C. 49, pp103-113. 

Lahlaoi, H., Rhinane, H., Hilali, H., Lahssini, S., and Moukrim, S. (2017) Desertification assessment using 

MEDALUS model in watershed oued El Maleh, Morocco.Geociences. 7(3), pp50. 

Lal, R. (2015) Restoring soil quality to mitigate soil degradation. 7, pp 5875-5895 

www.mdpi.com/journal/sustainability.  

Lal, R. (2009) Soil degradation as a reason for inadequate human nutrition. Food Sec., 1, pp 45-57. 

http://www.researchgat.net/publication/241697535
http://www.mdpi.com/journal/sustainability


 

                                                                                                                                                                   References 

103 
 

 

Lal, R. (1994) Tillage effects on soil degradation, soil resilience, soil quality, and sustainability. Soil Tillage 

Research, 27, pp1-8. 

Lamb, D., Erskine, P. and Parrotta, J. (2005) Restoration of degraded tropical forest landscapes. Science, 310, 

pp1628-1632. 

Lamqadem, A.A., Pradhan, B., Saber, H., and Rahimi, A. (2018) Desertification sensitivity analysis using 

MEDALUS model and GIS: A case study of the Oases of Middle Draa Valley, Morocco. Sensors 

(Basel), 18 (7), pp 2230. 

Landon, J.R. (1991) Ed., Booker Tropical Soil Manual: A Handbook for Soil Survey and Agricultural Land 

Evaluation in the Tropics and Subtropics. Longman Scientific and Technical, New York, NY, USA. 

Larson. W.E., Pierce, F.J. (1991) Conservation and enhancement of Soil quality. In: Evaluation for sustainable 

land management in the developing world. International Board for Soil Research and Management. 

Bangkok, Thailand. IBSRAM Proc. 12 (2), pp 175-203. 

Lee, E.J., Piao, D., Song, C., Kim, J., Lim, C. and Kim, E. (2019) Assessing environmentally sensitive land to 

desertification using MEDALUS method in Mongolia. Forest Science and Technology, 15 (4), pp210-

220. 

Ludwig, F. and Asseng, S. (2006) Climate change impact on Wheat production in a Mediterranean environment 

in weatern Ausralia. Agricultural systems, 90(1), pp 159-179. 

MA (Millennum Ecosystem Assessment) (2005) Desertification Synthesis Report [see 

http://www.millenniumassessment.org/documents/document.355.aspx.pdf], p.23 

ManhQuyet, V. (2014) Multi-Level Assessment of Land Degradation, The Case of Vietnam, PhD Thesis, ETH 

Zurich Research Collection, pp128. 

Mashayekhan A. and Farhad H. (2011) Multi-Criteria Evaluation model for desertification hazard zonation 

mapping using GIS (Study area: Trouti watershed, Golestan, Iran).Journal of Rangeland Science. 1(4). 

Masoudi, M. (2010) Risk Assessment and Remedial Measures of Land Degradation, in Parts of Southern Iran. 

Lambert Academic Publishing (LAP). Germany, pp220, ISBN: 978-3-8383-7718-6. 

Masoudi, M. (2014) Risk assessment of vegetation degradation using GIS, J. Agr. Sci. Tech.-Iran. 16. pp1711-

1722. 

Masoudi, M. and Amiri, E. (2015) A new model for hazard evaluation of vegetation degradation using DPSIR 

framework, a case study: Sadra region, Iran Pol. J. Ecol., 63, pp1-

9.http://doi.org/10.3161/15052249PJE201563.1.001. 

Mihretab, G. G., Yang, T., Yang, X., and Wang, C. (2019) Assessment of desertification in Eritrea: Land 

degradation based on Landsat images. Journal of arid land, 11 (3), pp319-331. 

 

http://www.millenniumassessment.org/documents/document.355.aspx.pdf
http://doi.org/10.3161/15052249PJE201563.1.001


 

                                                                                                                                                                   References 

104 
 

 

Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being: Desertification Synthesis, 

World Resources Institute. Washington. 

Moges, A., Dagnachew, M., and Yimer, F. (2013) Land use effects on soil quality indicators:  A case study of 

Abo-Wonsho Southern Ethiopia. Applied and Environment Soil Science Journal, 2013, 9 (Article ID 

784989). http://dx.doi.org/10.1155/2013/784989 

Muchena, F. N. (2008) Indicators for Sustainable Land Management in Kenya’s Context.GEF Land Dgradation 

Focal Area Indicators, ETC-East Africa. Nairobi, Kenya. 

Muhaimeed, A.S., Saloom, A.J., Saliem, K.A., Alani, K.A. and Muklef, W.M. (2014) Classification and 

Distribution of Iraqi Soils. International Journal of Agriculture Innovations and Research. 2(6), pp 

2319-1473. 

Olsen, S.R., Cole, C.V., Watanabe, F. S. & Dean, L.A. (1954) Estimation of available phosphorus in soils by 

extraction with NaHCO3, USDA Cir. 939. U.S. Washington. 

Page, A.L., Miller, R.H. and Keeney, D. R. (1982) Methods of soil and analysis, Part 2: Chemical and 

microbiological Properties (2
nd

 Ed). American Society of Agronomy, Inc. Soil Science Society of 

American, Inc. Publisher, Madison, WI, USA. pp 152 & 153. 

Pan, J.H. and Li, T.Y. (2013) Extracting desertification from LANDSAT imagery based on spectral mixture 

analysis and Albedo Vegetation feature space. Nat. Hazards, 25, pp 915-927, 

http://doi.org/10.1007/s11069-013-0665-3. 

Piper, C.S. (1966) Soil and plant analysis, Hans, Publication Bombay. 

Rafiei Emam, A. (2002) Investigation of Varamin plain desertification with attention to soil and water. M.Sc. 

Thesis, University of Tehran, Iran. 

Reeuwijk, L.P. van(Ed) (2002) Procedures for soil Analysis. 6
th

 edition- Technical Paper/International Soil 

Reference and Information Center, Wageningen, The Netherlands. 

Reich P.F., Numbem S.T., Almaraz R.A. and Eswaran H. (2001) Land resource stresses and desertification in 

Africa. In: Bridges, E.M., I.D. Hannam, L.R. Oldman, F.W.T. Pening de Vries S.J., Scherr and S. 

Sompatpanit (eds.). Responses to Land Degradation. Proc. 2
nd

.International Conference on Land 

Degradation and Desertification, KhonKaen, Thailand. Oxford Press, New Delhi, India. 

Reicosky, D. C. and Forcella, F. (1998) Cover crop and soil quality interactions in agroecosystems. Journal of 

Soil and Water Conservation, 53(3), pp 224-229. 

Reynolds, J.F., Stafford, S.D.M., Lambin, E.F., Tuner, I.B.L., Montimore, M., Batterbury, S.P.J., Downing, T.E., 

Downlatabadi, H., Fernández, R.J., Herriek, J.E., Huber-annwald, E., Jiang, H., Leemans, R., Lynam, 

T., Maestre, F.T., Ayarza, M., and Walker, B. (2007) Global desertification: building a science for 

dryland development. Science, doi: 10.1126/science.1131634, .316, pp 847-851. 

 

http://dx.doi.org/10.1155/2013/784989
http://doi.org/10.1007/s11069-013-0665-3


 

                                                                                                                                                                   References 

105 
 

 

Reynolds, J. F., Stafford, Smith M. (2002) Do humans create deserts? In: J. F. Reynolds and M. Stafford, Smith 

(ed) Global Desertification: Do Human Cause Deserts? Dahlem University Press, Berlin, pp. 1-22. 

Rezaei, S.A., Gilkes, R.J., and Andrews, S.S. (2006) A minimum data set for assessing soil quality in 

rangelands. Geoderma. 136, pp 229-234. 

Ribot J.C., Magalhã, A.R. and Panagides, S. (2005) Climate Variability, Climate Change and Social 

Vulnerability in the Semi-arid Tropics, Combridge University Press. 

Riech, P.F., Numbem, S.T. Almaraz, R.A. and Eswaran, H. (2001) Land resource stresses and desertification in 

Africa. In: Bridges, E.M., Hannam, I.D. Oldman, L.R. Pening de Vries, F.W.T. Degradation. Proc. 2
nd

 

International Conference on Land Degradation and Desertification, KhonKaen, Thailand. Oxford Press, 

New Delhi, India. 

Rozanov, B.G. (1990) Global assessment of desertification status and methodologies, in Desertification 

revisited: Proceedings of an ad hoc consultative meeting on the assessment of desertification, UNEP-

DC/PAC, Nairobi. 

Rubio J.L., and Bochet, E. (1998) Desertification indicators as diagnosis criteria for desertification risk 

assessment in Europe. J Arid Environ 39, pp113-120 

Samantha W. (1997) Desertification-Causes & Control. Geo Factsheet. 28, pp 1-2.  

Saprling, G.P., Schipper,L. A., Bettjeman, W. and Hill, R. (2004) Soil quality monitoring in New Zealand: 

practical lessons from a 6-year trial. Agriculture, Ecosystems & Environment. 104, pp 523-534. 

Saprling, G.P., and Schipper, L.A. (2002) Soil quality at a national scale in New Zealand. J. Environ. Qual. 31, 

pp1848-1857. 

Saprling, G.P. and Schipper, L.A. (2004) Soil quality monitoring in New Zealand: trends and issues arising from 

abroad-scale survey. Agriculture, Ecosystems & Environment. 104, pp 545-552. 

Schloter, M., Dilly, O. and Much, J.C. (2003) Indicators for evaluating soil quality. Agric. Ecosyst. Environ. 98, 

pp 255-262. 

Schoeneberger, P.J.,Wysocki, D.A.,Benham, E.C. and Broderson, W. D. (2002) Field book for describing and 

sampling soils.Version 2.0. Natural Resources Conservation Service,National Soil Survey Center. 

Lincoln. NE. 

Sehgal J.L. (1996) Pedology-concepts and applications. Kalyani publishers, New Delhi, India. 

Sepehr A., Hassnli A.M., Ekhtesasi, M., Jamali, J. (2007) Quantitative assessment of desertification in south of 

Iran using MEDALUS method. Environ Monit Assess; 134 (1-3), pp 243-254.DOI: 

http://dx.doi.org/10.1016/10.1007/s10661-007-9613-6 

http://dx.doi.org/10.1016/10.1007/s10661-007-9613-6


 

                                                                                                                                                                   References 

106 
 

Sheraz Mahdi, S., Talat, M.A., Hussain Dar, M., Aflaq, H. and Latief, A. (2012) Soil phosphorus fixation 

chemistry and role of phosphate solubilizing bacteria in enhancing its efficiency for sustainable 

cropping- A review. Journal of pure and applied microbiology, December 2012. 6 (4), pp 1905-1911. 

Shukla, M.K., Lal, R. and Ebinger, M. (2006) Determining soil quality indicators by factor analysis. Soil Tillage 

Res., 87, pp 194-204. 

Soil Survey Staff (2014) Keys to Soil Taxonomy, 12
th

 Edition, United States Department of Agriculture. Natural 

Resources Conservation Service. Washington, D.C. 

Sojka, R.E., and Upchurch, D. R. (1999) Reservations regarding the soil quality concept. Soil Sci. Soc. Am. J. 

63, pp 1039-1054. 

Squires, V.R and Sidahmed, A.E. (1998) Dryland: Sustainable use of rangelands into the twenty-first century. 

IFAD Technical Report. Rome, Italy. pp xiii-xvi. 

Symeonakis, E., Karathanasis, N., Koukoulas, S. and Panagopoulos, G. (2014) Monitoring sensitivity to land 

degradation and desertification with the environmentally sensitive area index: The case of Lesvos 

Island.Land Degrad. Dev. 

Sys, C., Van Ranst, E.,Debaveye, J. and Beernaert, F. (1993) Land evaluation. Part I, II,crops requirement Agri. 

Publications. General Administration for development cooperation Brussels. Belgium. 

Taddese, Y. (2001) Land degradation: a challenge to Ethiopia, Environ. Manag., 27, pp815-824, 

http://doi.org/10.1007/s002670010190. 

Trotta, C., Menegoni, P., Manfredi Frattarelli, F.M., and Iannetta, M. (2015) Assessing desertification 

vulnerability on a local scale: the Catelporziano study case (central Italy). Rend. Linci, 26, pp 421-450. 

UN Secretariat of the Conference on Desertification (1977). Desertification: An overview, In Desertification: Its 

Causes and Consequences. New York, Pergamon Press.). 

UNCCD (1994) United Nations Convention to Combat Desertification in countries experiencing serious drought 

and/or desertification, particularly in Africa. A/AC.241/27, Paris. 

UNCCD (2000) Assessment of the status of land degradation in arid, semi-arid and dry sub-humid areas.United 

Nations Convention to Combat Desertification Bonn. 

UNCED: Managing Fragile Ecosystems (1992) Combating Desertification and Drought, Agenda 21, Chapter 12, 

United Nations Conference on environment and Development, pp 21. 

UNEP (1991) Status of desertification and implementation of the United Nations action plan to combat 

desertification- report of the executive director UNEP/GCSS.Lll/3, oct 1991, pp88. 

UNEP (1992) Status of desertification and implementation of the United Nations plan of action to combat 

desertification- report of the executive director. Nairobi: United Nations Environment Program.  

 

http://doi.org/10.1007/s002670010190


 

                                                                                                                                                                   References 

107 
 

 

UNESCO: United Nation Educational, Scientific and Cultural Organization (2014). Integrated drought risk 

management-DRM National framework for Iraq. An analysis report. 

http://unesdoc.unesco.org/images/0022/002283/228343E.pdf 

UNSO/UNDP (1997) Office to combat desertification and drought/United Nations Development Programme. An 

assessment of population levels in the world's drylands: Aridity zones and dryland populations. New 

York, NY, pp 23. 

U.S Department of Agriculture map (1998) 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/?cid=nrcs142p2_0

54003 

USDA (2006) Soil Quality Institute. Natural resources conservation service. Available at 

http://soils.usda.gov/sqi/. (Retrieved on 20 February 2006). 

Vörösmarty, C.J., Green, P., Salisbury, J. and Lammers, R.B. (2000) Global Water Resources: Vulnerability 

from Climate Change and Population Growth. Seince, 289 ( 5477), pp 284-88. 

Wakene, N. and Heluf, G. (2003) Forms of phosphorous and status of available micronutrients under different 

land-use systems of alfisols in Bako Area of Ethiopia. Ethiopian Journal of Natural Resources, 5, pp 17-

37.  

Wander, M.M., and G. A. Bollero (1999) Soil quality assessment of tillage impact in Illinois. Soil Sci. Soc. Am. 

J. 63, pp 961-971. 

Warkentin, B. P. (1995) The changing concept of soil quality. J. Soil Water Conserv. 50, pp 226-228. 

Warkentine, B.P., and Fletcher, H.F. (1977) Soil quality for intensive agriculture. Intensive Agriculture Society 

of Scienc, Soil and Manure. Proc. International Seminar on Soil Environment and Fertilizer 

Management. National Institute of Agricultural Science, Tokyo. pp 594-598. 

Watson R.T., Zinyowera, M.C.and Moss, R.H. (1997) The Regional Impacts of Climate Change: An Assessment 

of Vulnerability, Cambridge University Press. 

Wienhold, B.J., Andrews, S.S. and Karlen, D.L. (2004) Soil quality: a review of the science and experiences in 

the USA. Environ. Geochem. Health 26, pp 89-95. 

Wijitkosum, S. and Yolpramote, K. (2013) Clustering soil properties for appropriate soil improvement in Huay 

Sai. Royal development study center, Thailand. In: 6
th

 TSAE international conference; 1-4.04 2013 

HuaHin, Thailand, SWE- 03, pp 175-178. 

Wijitkosum, S., Kroutnoil, L. and Yolpramote, K (2013) Factors affecting the desertification in HuaySai Royal 

development study center, Thailand. Journal of environmental research and development. 7(4), pp1439-

1443. 

William, M. A. J. and Balling, R.C. (1996) Interactions of Desertification and Climate. Arnold, London. pp 270. 

http://unesdoc.unesco.org/images/0022/002283/228343E.pdf
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/?cid=nrcs142p2_054003
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/?cid=nrcs142p2_054003
http://soils.usda.gov/sqi/


 

                                                                                                                                                                   References 

108 
 

 

Wuhaib, K.M. (2013) Desertification, causes, effects, and combating. Iraqi Journal of Agricultural Sciences. 44 

(6), pp 670-693.   

Yimer, F., S. Ledin, and Abdelkadir, A. (2007) Changes in soil organic carbon and total nitrogen contents in 

three adjacent land use types in the Bale Mountains, South-Eastern highland of Ethiopia. Forest 

Ecology and Management, 242(2-3), pp 337-342. 

Zehtabian, G. and Jafari, R. (2002) Evaluation of water resources degradation in Kashan area using 

desertification model, Journal of Environmental Studies, 28, pp19-30. 

Zehtabian, G.H., Ahmadi, H., Khosravi, H. and Rafiei Emam, A. (2004) An approach to desertification mapping 

using MEDALUS methodology in Iran. Desert J., 10, pp 205-223.  

 

 

 

 



 

109 
 

APPENDICES 

Appendix (1) Some soil physical properties of the pedons 
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Appendix (1) continued… 
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Appendix (1) continued... 
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Appendix (2) Some soil chemical properties of the pedons 
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B2 37-60 7.90 0.13 0.065 0.012 0.289 0.136     

Ck +60 8.00 0.14 0.075 0.012 0.223 0.142     

C
h

a
m

ch
a

m
a

l 

Ap 0-17 7.90 0.15 0.056 0.012 0.322 0.114 28.10 98.777 5.545 103.08 

Ck1 17-40 8.04 0.13 0.084 0.012 0.245 0.136 25.45 96.902 4.196 296.87 

Ck2 40-133 8.21 0.17 0.14 0.012 0.223 0.180     

Ck3 +133 8.41 0.11 0.112 0.012 0.213 0.174     

B
a

zi
a

n
 Ap 0-8 7.63 0.21 0.047 0.030 0.523 0.136 23.80 97.65 19.787 301.65 

Bk 8-40 7.79 0.15 0.047 0.018 0.322 0.174 28.43 98.234 15.381 283.09 

Ck1 40-81 7.98 0.14 0.084 0.012 0.223 0.164     

Ck2 +81 8.21 0.15 0.168 0.012 0.213 0.169     

M
a

w
a

t 

Ap 0-22 7.68 0.12 0.037 0.030 0.458 0.109 26.82 98.015 18.144 262.17 

Bk 22-53 8.14 0.1 0.037 0.018 0.180 0.087 24.40 98.902 0.520 283.13 

Ck1 53-99 8.25 0.09 0.037 0.012 0.142 0.136     

Ck2 99-129 8.39 0.09 0.037 0.012 0.164 0.114     

Ck3 +129 8.41 0.08 0.028 0.012 0.136 0.153     

Q
a

ra
d

a
k

h
 

1
 

Ap 0-42 7.76 0.16 0.019 0.024 0.24 0.136 30.06 98.053 21.044 189.75 

B 42-94 8.09 0.13 0.047 0.012 0.322 0.049 27.02 98.209 4.595 212.91 

C +94 8.12 0.12 0.037 0.012 0.273 0.055     
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Appendix (2) continued… 

L
o

ca
ti

o
n

s 

H
o

ri
zo

n
 

D
ep

th
 (

cm
) 

pH 

E
C

  
d

S
 m

-1
 

Soluble Cations cmolc kg
-1

 

C
E

C
 

cm
o

l c
 k

g
-1

 

B
S

%
 O

.M
 

C
a

C
O

3
 

Na
+
 K

+
 Ca

2+
 Mg

2+
 g kg

-1
 

Q
a

ra
d

a
k

h
 2

 

A 0-32 7.65 0.19 0.056 0.018 0.447 0.082 30.82 98.088 18.389 223.61 

B 32-78 7.76 0.12 0.047 0.006 0.240 0.104 25.99 98.032 5.451 247.13 

Ck1 78-131 8.17 0.11 0.056 0.006 0.218 0.082     

Ck2 +131 8.23 0.10 0.047 0.006 0.223 0.065     

S
a

n
g

a
w

 

Ap 0-36 7.89 0.16 0.047 0.030 0.425 0.049 24.37 96.953 12.167 144.93 

Bw 36-87 8.32 0.11 0.056 0.012 0.234 0.071 23.39 97.464 5.765 305.25 

Ck +87 8.40 0.11 0.093 0.012 0.240 0.060     

S
a

n
g

a
sa

r
 Ap 0-9 7.93 0.14 0.028 0.024 0.343 0.060 32.61 98.757 13.045 358.06 

Bss1 9-35 8.00 0.12 0.028 0.018 0.273 0.093 33.66 98.734 11.991 239.88 

Bss2 35-49 8.15 0.13 0.037 0.012 0.251 0.093     

Bss3 +49 8.16 0.14 0.056 0.018 0.305 0.055     

C
h

w
a

rq
u

rn
a

 

Ap 0-7 7.51 0.48 0.065 0.101 1.008 0.452 31.84 99.014 20.264 516.23 

Bw 7-46 7.81 0.21 0.075 0.012 0.371 0.256 32.75 97.730 11.089 308.54 

Ck +46 8.08 0.21 0.075 0.006 0.338 0.294     

D
u

k
a

n
 

Ap 0-19 7.5 0.27 0.047 0.035 0.687 0.191 29.05 98.689 27.852 224.92 

Bw 19-33 7.89 0.16 0.047 0.018 0.322 0.164 26.536 98.025 9.532 152.39 

Ck1 33-63 7.98 0.16 0.075 0.018 0.316 0.185     

Ck2 +63 8.22 0.13 0.065 0.012 0.202 0.191     
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Appendix (2) continued… 

L
o

ca
ti

o
n

s 

H
o

ri
zo

n
 

D
ep

th
 (

cm
) 

pH 

E
C

  
d

S
 m

-1
 

Soluble Cations cmolc kg
-1

 

C
E

C
 

cm
o

l c
 k

g
-1

 

B
S

%
 O

.M
 

C
a

C
O

3
 

Na
+
 K

+
 Ca

2+
 Mg

2+
 g kg

-1
 

D
a

rb
a

n
d

ik
h

a
n

 

A 0-30 7.75 0.16 0.047 0.018 0.343 0.18 23.69 97.597 16.649 47.02 

Bw 30-46 8.03 0.12 0.047 0.012 0.256 0.114 23.18 97.204 4.497 25.93 

C +46 8.16 0.11 0.065 0.012 0.245 0.016     

K
a

la
r 

A 0-16 7.80 0.24 0.103 0.030 0.534 0.093 19.53 93.388 7.213 194.48 

C1 16-61 7.55 2.11 0.373 0.024 6.524 1.128 21.64 96.245 2.299 132.16 

C2 61-81 7.81 0.81 0.355 0.012 0.883 1.150     

C3 81-108 8.03 0.57 0.383 0.012 0.872 0.349     

C4 +108 8.01 0.43 0.401 0.012 0.534 0.273     

K
h

a
n

a
q

in
 A 0-30 7.92 0.18 0.084 0.047 0.382 0.055 17.32 95.645 7.763 253.00 

Ck1 30-90 7.92 0.43 0.159 0.024 0.856 0.278 20.39 95.808 0.892 293.87 

Ck2 90-143 7.52 1.97 0.075 0.035 7.788 0.234     

Ck3 +143 7.46 2.12 0.056 0.041 7.892 0.158     

S
h

w
a

n
 Ap 0-29 7.75 0.19 0.084 0.030 0.332 0.294 17.51 93.852 7.173 275.81 

C1 29-68 7.74 0.42 0.205 0.018 0.649 0.458 17.98 95.261 1.862 74.46 

C2 +68 8.12 0.44 0.327 0.018 0.441 0.561     

A
lt

u
n

k
o

p
r

i 

Ap 0-20 7.63 0.27 0.065 0.089 0.561 0.131 23.93 96.857 21.085 74.48 

C1 20-37 7.94 0.15 0.037 0.047 0.305 0.087 22.92 94.469 9.415 117.79 

C2 37-50 8.08 0.12 0.037 0.035 0.256 0.071      

C3 +50 8.29 0.11 0.028 0.030 0.202 0.093      
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Appendix (2) continued… 

L
o

ca
ti

o
n

s 

H
o

ri
zo

n
 

D
ep

th
 (

cm
) 

pH 

E
C

  
d

S
 m

-1
 

Soluble Cations cmolc kg
-1

 

C
E

C
 

cm
o

l c
 k

g
-1

 

B
S

%
 O

.M
 

C
a

C
O

3
 

Na
+
 K

+
 Ca

2+
 Mg

2+
 g kg

-1
 

D
a

q
u

q
 A 0-29 7.36 2.08 0.047 0.053 7.832 0.011 14.53 99.871 1.707 272.17 

Ck1 29-87 7.50 2.14 0.112 0.035 7.706 0.283 14.76 99.643 0.152 200.10 

Ck2 +87 7.57 2.30 0.140 0.024 7.069 1.030      

L
a

il
a

n
 

A 0-7 8.00 0.27 0.065 0.077 0.332 0.087 25.51 94.345 16.102 335.77 

Ck1 7-23 7.97 0.21 0.056 0.024 0.256 0.185 25.22 95.495 6.805 246.29 

Ck2 23-60 8.03 0.28 0.159 0.018 0.431 0.169 24.33 96.903 3.413 329.31 

Ck3 +60 8.14 0.27 0.187 0.018 0.332 0.240      

Q
u

sh
ta

p
a

 

A 0-14 7.86 0.34 0.112 0.024 0.332 0.114 24.05 96.885 10.961 195.34 

Ck1 14-58 7.73 0.68 0.336 0.018 1.003 0.485 25.10 96.491 6.461 209.18 

Ck2 +58 8.08 0.38 0.159 0.018 0.545 0.267      

M
a

k
h

m
o

o
r
 

A 0-23 7.53 1.94 0.149 0.035 6.229 0.398 20.07 95.166 4.591 208.96 

Ck1 23-79 7.46 2.10 0.261 0.024 5.396 1.504 18.70 94.837 2.875 159.45 

Ck2 79-110 7.46 2.47 0.289 0.030 7.140 0.965      

Ck3 +110 7.50 2.08 0.252 0.024 5.385 1.275      

G
w

er
 

A 0-14 8.28 0.24 0.149 0.083 0.332 0.093 16.66 92.222 1.676 288.84 

Ck 14-48 8.15 0.23 0.149 0.035 0.398 0.027 17.14 94.063 1.152 226.78 
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Appendix (3) Some soil physical properties of the surface soils for study area 

Locations 

L
a

ti
tu

d
e 

N
 

L
o

n
g

it
u

d
e 

E
 Particle size distribution 

(g kg
-1

) 

T
ex

tu
re

 

C
la

ss
 

P
a

rt
ic

le
 d

en
. 

M
g

 m
-3

 

B
u

lk
 d

en
si

ty
 

M
g

 m
-3

 

S
a

n
d

 

S
il

t 

C
la

y
 

S
a

id
 S

a
d

iq
 

Said Sadiq1 35º 23ʹ 52ʺ 45º 45ʹ 61ʺ 38.8 345.2 616.0 C 2.596 1.706 

Said Sadiq2 35º 21ʹ 10ʺ 45º 53ʹ 39ʺ 141.3 440.2 418.5 SiC 2.482 1.433 

Said Sadiq3 35º 20ʹ 50ʺ 45º 54ʹ 47ʺ 64.9 547.7 387.4 SiCL 2.362 1.726 

Said Sadiq4 35º 25ʹ 17ʺ 45º 36ʹ 27ʺ 26.9 448.3 524.8 SiC 2.540 1.731 

Said Sadiq5 35º 27ʹ 51ʺ 45º 32ʹ 78ʺ 57.3 430.8 511.9 SiC 2.639 1.717 

Said Sadiq6 35º 22ʹ 58ʺ 45º 47ʹ 15ʺ 25.0 432.2 542.8 SiC 2.612 1.463 

C
h

a
m

ch
a

m
a

l 

Chamchamal1 35º 33ʹ 41ʺ 44º 51ʹ 23ʺ 10.6 522.5 466.9 SiC 2.768 1.754 

Chamchamal2 35º 30ʹ 84ʺ 44º 45ʹ 23ʺ 33.8 601.7 364.5 SiCL 2.507 1.542 

Chamchamal3 35º 30ʹ 23ʺ 44º 41ʹ 84ʺ 33.8 601.7 364.5 SiCL 2.507 1.542 

Chamchamal4 35º 28ʹ 99ʺ 44º 36ʹ 41ʺ 33.8 601.7 364.5 SiCL 2.507 1.542 

Chamchamal5 35º 28ʹ 08ʺ 44º 32ʹ 98ʺ 33.8 601.7 364.5 SiCL 2.507 1.542 

B
a

zi
a

n
 

Bazian1 35º 38ʹ 33ʺ 45º 03ʹ 22ʺ 136.3 390.6 473.1 SiCL 2.456 1.712 

Bazian2 35º 36ʹ 45ʺ 45º 07ʹ 03ʺ 38.9 611.1 350.0 SiCL 2.629 1.834 

Bazian3 35º 35ʹ 48ʺ 45º 11ʹ 19ʺ 94.3 565.5 340.2 SiCL 2.550 1.68 

Bazian4 35º 35ʹ 04ʺ 45º 09ʹ 77ʺ 41.6 469.5 488.9 SiC 2.571 1.681 

M
a

w
a

t 

Mawat1 35º 53ʹ 70ʺ 45º 23ʹ 68ʺ 455.6 382.1 162.3 L 2.607 1.775 

Mawat2 35º 53ʹ 77ʺ 45º 24ʹ 52ʺ 89.9 399.8 510.3 C 2.566 1.607 

Mawat3 35º 52ʹ 33ʺ 45º 24ʹ 64ʺ 89.9 399.8 510.3 C 2.566 1.607 

Mawat4 35º 50ʹ 59ʺ 45º 26ʹ 52ʺ 464.1 451.9 84.0 L 2.505 1.532 

Mawat5 35º 45ʹ 41ʺ 45º 28ʹ 34ʺ 91.7 665.7 242.6 SiL 2.635 1.665 

Mawat6 35º 42ʹ 77ʺ 45º 31ʹ 58ʺ 91.7 665.7 242.6 SiL 2.635 1.665 

Q
a

ra
d

a
k

h
 

Qaradakh1 35º 18ʹ 53ʺ 45º 21ʹ 48ʺ 280.0 474.0 246.0 L 2.392 1.609 

Qaradakh2 35º 18ʹ 61ʺ 45º 21ʹ 47ʺ 80.7 476.8 442.5 SiC 2.363 1.573 

Qaradakh3 35º 21ʹ 32ʺ 45º 24ʹ 36ʺ 80.7 476.8 442.5 SiC 2.363 1.573 

Qaradakh4 35º 20ʹ 40ʺ 45º 16ʹ 88ʺ 80.7 476.8 442.5 SiC 2.363 1.573 

Qaradakh5 35º 19ʹ 22ʺ 45º 15ʹ 76ʺ 283.5 368.5 348.5 SiCL 2.525 1.539 

Qaradakh6 35º 18ʹ 72ʺ 45º 14ʹ 99ʺ 275.0 390.3 334.7 L 2.570 1.712 

S
a

n
g

a
w

 

Sangaw1 35º 17ʹ 66ʺ 45º 14ʹ 71ʺ 232.1 546.1 221.8 SiL 2.508 1.499 

Sangaw2 35º 16ʹ 51ʺ 45º 09ʹ 75ʺ 150.5 420.9 428.6 C 2.558 1.753 

Sangaw3 35º 19ʹ 66ʺ 45º 09ʹ 68ʺ 251.8 609.1 139.1 SiL 2.534 1.695 

Sangaw4 35º 22ʹ 21ʺ 45º 07ʹ 25ʺ 130.1 594.5 275.4 SiCL 2.542 1.556 

Sangaw5 35º 24ʹ 51ʺ 45º 04ʹ 16ʺ 130.1 594.5 275.4 SiCL 2.542 1.556 
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Appendix (3) continued… 

Locations 

L
a

ti
tu

d
e 

 N
 

L
o

n
g

it
u

d
e 

 E
 

Particle size distribution 

(g kg
-1

) 

T
ex

tu
re

 C
la

ss
 

P
a

rt
ic

le
 d

en
. 

M
g

 m
-3

 

B
u

lk
 d

en
si

ty
 

M
g

 m
-3

 

S
a

n
d

 

S
il

t 

C
la

y
 

S
a

n
g

a
sa

r
 Sangasar1 36º 14ʹ 26ʺ 45º 02ʹ 47ʺ 44.5 422.9 532.6 SiC 2.532 1.606 

Sangasar2 36º 12ʹ 99ʺ 44º 58ʹ 73ʺ 83.3 614.8 301.9 SiCL 2.440 1.757 

Sangasar3 36º 13ʹ 43ʺ 44º 54ʹ 44ʺ 46.1 435.6 518.3 SiC 2.580 1.848 

C
h

w
a

rq
u

rn
a

 

Chwarqurna1 36º 12ʹ 84ʺ 44º 52ʹ 32ʺ 73.7 416.9 509.4 SiC 2.572 1.646 

Chwarqurna2 36º 12ʹ 00ʺ 44º 46ʹ 75ʺ 67.9 430.1 502 SiC 2.569 1.942 

Chwarqurna3 36º 10ʹ 17ʺ 44º 42ʹ 62ʺ 42.4 601.7 355.9 SiCL 2.601 1.800 

D
u

k
a

n
 

Dukan1 36º 07ʹ 26ʺ 44º 43ʹ 93ʺ 239.4 245.4 515.2 C 2.483 1.592 

Dukan2 36º 04ʹ 91ʺ 44º 45ʹ 47ʺ 160.8 490.9 348.3 SiCL 2.522 1.610 

Dukan3 36º 02ʹ 44ʺ 44º 48ʹ 34ʺ 116.2 451.1 432.7 SiC 2.374 1.328 

Dukan4 35º 53ʹ 15ʺ 44º 59ʹ 02ʺ 162.8 481.4 355.8 SiCL 2.448 1.434 

Dukan5 35º 50ʹ 74ʺ 45º 03ʹ 89ʺ 104.0 461.5 434.5 SiC 2.646 1.747 

D
a

rb
a

n
d

ik
h

a
n

 

Darbandikhan1 35º 07ʹ 31ʺ 45º 41ʹ 47ʺ 95.8 388.9 515.3 C 2.314 1.803 

Darbandikhan2 35º 05ʹ 21ʺ 45º 40ʹ 96ʺ 306.6 468.2 225.2 L 2.337 1.582 

Darbandikhan3 35º 03ʹ 73ʺ 45º 39ʹ 82ʺ 246.6 526.9 226.5 SiL 2.563 1.624 

Darbandikhan4 35º 00ʹ 23ʺ 45º 36ʹ 76ʺ 200.9 541.8 257.3 SiL 2.356 1.697 

K
a

la
r 

Kalar1 34º 50ʹ 16ʺ 45º 31ʹ 21ʺ 240.5 433.6 325.9 CL 2.602 1.676 

Kalar2 34º 45ʹ 34ʺ 45º 27ʹ 69ʺ 313.0 486.8 200.2 L 2.573 1.649 

Kalar3 34º 39ʹ 68ʺ 45º 23ʹ 90ʺ 223.0 483.5 293.5 CL 2.411 1.471 

Kalar4 34º 34ʹ 17ʺ 45º 16ʹ 06ʺ 241.0 535.5 223.3 SiL 2.570 1.587 

K
h

a
n

a
q

in
 

Khanaqin1 34º 25ʹ 44ʺ 45º 20ʹ 60ʺ 92.7 602.5 304.8 SiCL 2.475 1.451 

Khanaqin2 34º 21ʹ 39ʺ 45º 23ʹ 92ʺ 451.6 388.7 159.7 L 2.589 1.667 

Khanaqin3 34º 23ʹ 52ʺ 45º 21ʹ 43ʺ 451.6 451.6 159.7 L 2.589 1.667 

Khanaqin4 34º 26ʹ 83ʺ 45º 19ʹ 78ʺ 281.4 490.8 227.8 L 2.522 1.793 

Khanaqin5 34º 34ʹ 88ʺ 45º 20ʹ 49ʺ 241.4 548.1 210.5 SiL 2.574 1.753 

S
h

w
a

n
 

Shwan1 35º 33ʹ 20ʺ 44º 22ʹ 76ʺ 243.1 649.3 107.6 SiL 2.596 1.514 

Shwan2 35º 33ʹ 53ʺ 44º 22ʹ 52ʺ 508.9 342.7 148.4 L 2.509 1.506 

Shwan3 35º 36ʹ 50ʺ 44º 22ʹ 59ʺ 229.1 617.4 153.5 SiL 2.529 1.681 

Shwan4 35º 40ʹ 87ʺ 44º 24ʹ 24ʺ 229.1 617.4 153.5 SiL 2.529 1.681 

Shwan5 35º 43ʹ 42ʺ 44º 27ʹ 25ʺ 243.1 649.3 107.6 SiL 2.596 1.514 

A
lt

u
n

k
o

p
ri

 

Altunkopri1 35º 38ʹ 54ʺ 44º 17ʹ 72ʺ 140.1 671.9 188 SiL 2.457 1.529 

Altunkopri2 35º 40ʹ 98ʺ 44º 14ʹ 66ʺ 140.1 671.9 188 SiL 2.457 1.529 

Altunkopri3 35º 42ʹ 61ʺ 44º 12ʹ 54ʺ 140.1 671.9 188 SiL 2.457 1.529 

Altunkopri4 35º 41ʹ 77ʺ 44º 11ʹ 70ʺ 72.0 564.8 363.2 SiCL 2.533 1.510 

Altunkopri5 35º 44ʹ 66ʺ 44º 10ʹ 15ʺ 72.0 564.8 363.2 SiCL 2.533 1.510 
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Appendix (3) continued… 

Locations 

L
a

ti
tu

d
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 N
 

L
o

n
g

it
u

d
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 E
 

Particle size distribution 

(g kg
-1

) 

T
ex

tu
re

 C
la

ss
 

P
a

rt
ic

le
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en
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M
g

 m
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B
u

lk
 d

en
si

ty
 

M
g

 m
-3

 

S
a

n
d

 

S
il

t 

C
la

y
 

D
a

q
u

q
 

Daquq1 35º 15ʹ 82ʺ 44º 21ʹ 82ʺ 216.1 603.4 180.5 SiL 2.533 1.388 

Daquq2 35º 12ʹ 47ʺ 44º 23ʹ 60ʺ 216.1 603.4 180.5 SiL 2.533 1.388 

Daquq3 35º 10ʹ 18ʺ 44º 25ʹ 12ʺ 216.1 603.4 180.5 SiL 2.533 1.388 

Daquq4 35º 10ʹ 06ʺ 44º 25ʹ 43ʺ 365.0 569.1 65.9 SiL 2.973 1.524 

L
a

il
a

n
 

Lailan1 35º 18ʹ 93ʺ 44º 28ʹ 45ʺ 75.1 596.5 328.4 SiCL 2.646 1.492 

Lailan2 35º 18ʹ 58ʺ 44º 24ʹ 70ʺ 75.1 596.5 328.4 SiCL 2.646 1.492 

Lailan3 35º 19ʹ 01ʺ 44º 26ʹ 97ʺ 95.4 534.6 370.0 SiCL 2.487 1.720 

Lailan4 35º 21ʹ 39ʺ 44º 28ʹ 00ʺ 75.1 596.5 328.4 SiCL 2.646 1.492 

Q
u

sh
ta

p
a

 

Qushtapa1 35º 48ʹ 35ʺ 44º 06ʹ 56ʺ 231.2 526.4 242.4 SiL 2.643 1.961 

Qushtapa2 35º 53ʹ 10ʺ 44º 04ʹ 70ʺ 231.2 526.4 242.4 SiL 2.643 1.961 

Qushtapa3 35º 59ʹ 16ʺ 44º 02ʹ 02ʺ 160.8 559.0 280.2 SiCL 2.561 1.512 

Qushtapa4 35º 58ʹ 46ʺ 43º 59ʹ 74ʺ 160.8 559.0 280.2 SiCL 2.561 1.512 

Qushtapa5 35º 55ʹ 88ʺ 43º 56ʹ 78ʺ 32.9 608.0 359.1 SiCL 2.513 1.629 

M
a

k
h

m
o

o
r
 

Makhmoor1 35º 52ʹ 63ʺ 43º 46ʹ 40ʺ 646.0 234.3 119.7 SL 2.637 1.556 

Makhmoor2 35º 50ʹ 40ʺ 43º 42ʹ 76ʺ 646.0 234.3 119.7 SL 2.637 1.556 

Makhmoor3 35º 48ʹ 33ʺ 43º 39ʹ 23ʺ 219.7 533.7 246.6 SiL 2.580 1.640 

Makhmoor4 35º 47ʹ 75ʺ 43º 36ʹ 08ʺ 427.9 398.0 174.1 L 2.580 1.564 

Makhmoor5 35º 47ʹ 62ʺ 43º 35ʹ 85ʺ 300.0 493.0 207.0 L 2.603 1.695 

G
w

er
 

Gwer1 35º 55ʹ 38ʺ 43º 42ʹ 30ʺ 114.8 644.6 240.6 SiL 2.448 1.450 

Gwer2 35º 56ʹ 31ʺ 43º 39ʹ 66ʺ 114.8 644.6 240.6 SiL 2.448 1.450 

Gwer3 35º 57ʹ 99ʺ 43º 35ʹ 71ʺ 112.7 679.2 208.1 SiL 2.451 1.510 

Gwer4 36º 01ʹ 59ʺ 43º 31ʹ 57ʺ 121.6 797.1 81.3 SiL 2.778 1.687 

Gwer5 36º 02ʹ 02ʺ 43º 29ʹ 65ʺ 551.2 308.3 140.5 SL 2.539 1.705 
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Appendix (4) Some soil chemical properties of the surface soils for study area 

Locations 

L
a

ti
tu

d
e
  

N
 

L
o

n
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 E
 

pH 
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Soluble Cations cmolc kg-1 Exchangeable Cations cmolc kg-1 
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c
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o
l c
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B
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C
a

C
O
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A
v

a
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A
v

a
.P

 

µ
g
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 s

o
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A
v

a
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+
 

c
m

o
l c
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Na+ K+ Ca2+ Mg2+ Na+ K+ Ca2+ Mg2+ g kg-1 

S
a

id
 S

a
d

iq
 

Said Sadiq1 35º 23ʹ 52ʺ 45º 45ʹ 61ʺ 8.15 0.15 0.037 0.024 0.365 0.011 0.269 0.728 19.970 10.96 26.277 98.09 10.989 80.475 1.015 11.15 0.752 

Said Sadiq2 35º 21ʹ 10ʺ 45º 53ʹ 39ʺ 7.69 0.24 0.047 0.106 0.409 0.087 0.277 2.280 20.795 1.930 23.827 97.23 21.059 26.354 2.162 9.267 2.386 

Said Sadiq3 35º 20ʹ 50ʺ 45º 54ʹ 47ʺ 7.90 0.30 0.149 0.030 0.572 0.087 0.304 0.723 19.054 10.63 25.606 97.41 11.277 21.226 3.148 7.574 0.753 

Said Sadiq4 35º 25ʹ 17ʺ 45º 36ʹ 27ʺ 7.70 0.18 0.037 0.030 0.398 0.076 0.252 0.843 13.486 15.06 25.086 96.60 6.3323 21.18 1.897 2.314 0.873 

Said Sadiq5 35º 27ʹ 51ʺ 45º 32ʹ 78ʺ 7.98 0.21 0.075 0.024 0.382 0.153 0.269 0.570 15.160 12.66 23.921 96.19 4.8345 265.14 2.459 10.26 0.594 

Said Sadiq6 35º 22ʹ 58ʺ 45º 47ʹ 15ʺ 8.09 0.16 0.047 0.024 0.409 0.022 0.223 0.774 18.834 12.06 26.016 98.08 9.0886 58.559 1.312 6.429 0.798 

C
h

a
m

ch
a

m
a

l 

Chamchamal1 35º 33ʹ 41ʺ 44º 51ʹ 23ʺ 8.23 0.16 0.056 0.018 0.224 0.196 0.253 0.424 13.678 9.907 21.491 97.08 2.6965 287.77 1.753 4.538 0.442 

Chamchamal2 35º 30ʹ 84ʺ 44º 45ʹ 23ʺ 7.88 0.20 0.037 0.024 0.442 0.049 0.231 0.468 11.972 12.36 22.802 97.57 18.409 261.12 1.308 3.073 0.492 

Chamchamal3 35º 30ʹ 23ʺ 44º 41ʹ 84ʺ 7.88 0.20 0.037 0.024 0.442 0.049 0.231 0.468 11.972 12.36 22.802 97.57 18.409 261.12 1.308 3.073 0.492 

Chamchamal4 35º 28ʹ 99ʺ 44º 36ʹ 41ʺ 7.88 0.20 0.037 0.024 0.442 0.049 0.231 0.468 11.972 12.36 22.802 97.57 18.409 261.12 1.308 3.073 0.492 

Chamchamal5 35º 28ʹ 08ʺ 44º 32ʹ 98ʺ 7.88 0.20 0.037 0.024 0.442 0.049 0.231 0.468 11.972 12.36 22.802 97.57 18.409 261.12 1.308 3.073 0.492 

B
a

zi
a

n
 

Bazian1 35º 38ʹ 33ʺ 45º 03ʹ 22ʺ 7.75 0.22 0.037 0.018 0.414 0.136 0.241 0.514 11.976 17.42 25.391 97.56 16.672 269.69 2.861 2.585 0.532 

Bazian2 35º 36ʹ 45ʺ 45º 07ʹ 03ʺ 8.07 0.16 0.047 0.018 0.267 0.098 0.243 0.456 11.149 18.55 23.857 97.32 9.8545 219.2 2.049 4.074 0.474 

Bazian3 35º 35ʹ 48ʺ 45º 11ʹ 19ʺ 7.80 0.19 0.037 0.024 0.349 0.169 0.215 0.464 11.383 17.49 24.956 98.60 11.378 237.6 2.944 4.920 0.488 

Bazian4 35º 35ʹ 04ʺ 45º 09ʹ 77ʺ 7.68 0.22 0.037 0.024 0.491 0.082 0.233 0.702 18.862 10.93 24.821 98.17 19.731 190.51 2.044 4.268 0.726 

M
a

w
a

t 

Mawat1 35º 53ʹ 70ʺ 45º 23ʹ 68ʺ 7.96 0.15 0.037 0.024 0.234 0.136 0.292 0.314 13.952 3.63 19.073 96.66 9.1316 67.091 1.611 8.476 0.338 

Mawat2 35º 53ʹ 77ʺ 45º 24ʹ 52ʺ 7.55 0.25 0.037 0.036 0.654 0.125 0.207 0.712 18.157 10.07 24.845 97.95 17.731 95.403 1.706 5.080 0.748 

Mawat3 35º 52ʹ 33ʺ 45º 24ʹ 64ʺ 7.55 0.25 0.037 0.036 0.654 0.125 0.207 0.712 18.157 10.07 24.845 97.95 17.731 95.403 1.706 5.080 0.748 

Mawat4 35º 50ʹ 59ʺ 45º 26ʹ 52ʺ 7.89 0.21 0.037 0.03 0.523 0.087 0.154 0.252 14.668 0.575 17.372 87.81 2.4568 107.39 2.463 4.896 0.282 

Mawat5 35º 45ʹ 41ʺ 45º 28ʹ 34ʺ 7.25 0.15 0.028 0.024 0.376 0.104 0.222 0.637 14.478 15.83 26.399 96.15 11.912 63.987 1.748 5.523 0.661 

Mawat6 35º 42ʹ 77ʺ 45º 31ʹ 58ʺ 7.25 0.15 0.028 0.024 0.376 0.104 0.222 0.637 14.478 15.83 26.399 96.15 11.912 63.987 1.748 5.523 0.661 
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Appendix (4) continued… 
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Q
a

ra
d

a
k
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Qaradakh1 35º 18ʹ 53ʺ 45º 21ʹ 48ʺ 7.56 0.30 0.047 0.047 0.632 0.153 0.183 0.559 15.463 5.987 22.171 95.11 29.691 36.405 2.613 4.379 0.606 

Qaradakh2 35º 18ʹ 61ʺ 45º 21ʹ 47ʺ 7.89 0.22 0.037 0.024 0.469 0.180 0.213 0.534 15.182 9.044 23.743 94.10 37.230 88.807 4.090 5.731 0.558 

Qaradakh3 35º 21ʹ 32ʺ 45º 24ʹ 36ʺ 7.89 0.22 0.037 0.024 0.469 0.180 0.213 0.534 15.182 9.044 23.743 94.10 37.230 88.807 4.090 5.731 0.558 

Qaradakh4 35º 20ʹ 40ʺ 45º 16ʹ 88ʺ 7.89 0.22 0.037 0.024 0.469 0.180 0.213 0.534 15.182 9.044 23.743 94.10 37.230 88.807 4.090 5.731 0.558 

Qaradakh5 35º 19ʹ 22ʺ 45º 15ʹ 76ʺ 7.76 0.16 0.019 0.024 0.24 0.133 0.194 0.388 23.870 1.957 24.087 97.68 21.044 152.39 1.905 8.764 0.412 

Qaradakh6 35º 18ʹ 72ʺ 45º 14ʹ 99ʺ 7.65 0.19 0.056 0.018 0.447 0.082 0.179 0.302 24.513 2.457 24.691 97.74 18.389 47.015 4.442 7.062 0.320 

S
a

n
g

a
w

 

Sangaw1 35º 17ʹ 66ʺ 45º 14ʹ 71ʺ 7.42 0.20 0.037 0.024 0.485 0.033 0.206 0.418 11.745 13.95 23.428 96.39 14.769 380.02 2.301 8.42 0.442 

Sangaw2 35º 16ʹ 51ʺ 45º 09ʹ 75ʺ 7.89 0.16 0.047 0.030 0.425 0.049 0.168 0.449 18.203 0.965 19.529 96.4 12.167 253.00 4.583 5.008 0.479 

Sangaw3 35º 19ʹ 66ʺ 45º 09ʹ 68ʺ 7.97 0.59 0.140 0.053 1.112 0.229 0.18 0.111 8.7047 0.830 10.618 92.34 6.5418 204.47 1.853 10.86 0.164 

Sangaw4 35º 22ʹ 21ʺ 45º 07ʹ 25ʺ 8.03 0.22 0.065 0.03 0.447 0.055 0.219 0.445 16.638 0.683 18.271 95.12 11.158 346.03 2.008 8.804 0.475 

Sangaw5 35º 24ʹ 51ʺ 45º 04ʹ 16ʺ 8.03 0.22 0.065 0.03 0.447 0.055 0.219 0.445 16.638 0.683 18.271 95.12 11.158 346.03 2.008 8.804 0.475 

S
a

n
g

a
sa

r Sangasar1 36º 14ʹ 26ʺ 45º 02ʹ 47ʺ 7.74 0.14 0.028 0.018 0.333 0.060 0.218 0.643 30.264 1.824 40.021 96.12 11.083 42.477 1.720 2.042 0.661 

Sangasar2 36º 12ʹ 99ʺ 44º 58ʹ 73ʺ 7.99 0.23 0.047 0.041 0.572 0.044 0.251 0.997 28.056 2.789 26.88 96.14 28.022 90.863 2.854 7.459 1.038 

Sangasar3 36º 13ʹ 43ʺ 44º 54ʹ 44ʺ 8.04 0.18 0.028 0.024 0.409 0.038 0.206 0.688 27.758 1.353 26.062 94.99 10.600 218.22 2.361 4.425 0.712 

C
h

w
a
r
q

u
r
n

a
 

Chwarqurna1 36º 12ʹ 84ʺ 44º 52ʹ 32ʺ 7.87 0.16 0.037 0.024 0.354 0.055 0.237 0.65 29.532 1.644 26.238 96.18 14.673 169.44 2.080 4.541 0.674 

Chwarqurna2 36º 12ʹ 00ʺ 44º 46ʹ 75ʺ 7.98 0.26 0.047 0.041 0.518 0.207 0.208 0.887 27.228 2.080 25.279 97.62 15.603 202.63 2.372 4.398 0.928 

Chwarqurna3 36º 10ʹ 17ʺ 44º 42ʹ 62ʺ 7.72 0.17 0.047 0.024 0.371 0.136 0.228 0.607 29.495 3.215 26.359 95.76 14.367 192.06 2.524 0.911 0.631 

D
u

k
a

n
 

Dukan1 36º 07ʹ 26ʺ 44º 43ʹ 93ʺ 7.89 0.23 0.037 0.036 0.545 0.055 0.199 0.458 19.684 0.414 20.528 95.12 18.884 378.57 2.236 1.65 0.494 

Dukan2 36º 04ʹ 91ʺ 44º 45ʹ 47ʺ 7.86 0.21 0.047 0.03 0.376 0.207 0.186 0.508 20.051 4.104 22.852 95.57 14.687 353.34 2.344 2.765 0.538 

Dukan3 36º 02ʹ 44ʺ 44º 48ʹ 34ʺ 7.67 0.25 0.028 0.041 0.534 0.125 0.204 0.369 36.316 6.183 43.701 96.72 18.890 141.21 1.755 5.781 0.410 

Dukan4 35º 53ʹ 15ʺ 44º 59ʹ 02ʺ 7.67 0.23 0.047 0.024 0.447 0.180 0.188 0.445 20.409 3.416 23.858 94.68 15.878 236.91 3.109 4.208 0.469 

Dukan5 35º 50ʹ 74ʺ 45º 03ʹ 89ʺ 8.13 0.16 0.047 0.018 0.256 0.120 0.23 0.435 18.991 4.371 22.789 94.93 2.912 387.73 3.443 0.685 0.453 
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D
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d
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h
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 Darbandikhan1 35º 07ʹ 31ʺ 45º 41ʹ 47ʺ 7.67 0.24 0.047 0.024 0.485 0.174 0.207 0.541 30.689 1.895 27.285 97.23 26.694 117.09 4.287 2.431 0.565 

Darbandikhan2 35º 05ʹ 21ʺ 45º 40ʹ 96ʺ 7.75 0.16 0.047 0.018 0.343 0.180 0.146 0.276 16.523 0.570 18.981 97.11 16.649 159.45 3.790 6.084 0.294 

Darbandikhan3 35º 03ʹ 73ʺ 45º 39ʹ 82ʺ 7.69 0.27 0.075 0.036 0.512 0.229 0.180 0.210 11.003 2.354 15.478 93.52 15.225 228.04 2.964 7.318 0.246 

Darbandikhan4 35º 00ʹ 23ʺ 45º 36ʹ 76ʺ 8.02 0.2 0.056 0.024 0.458 0.071 0.192 0.268 20.764 1.911 20.915 94.92 9.802 343.10 2.023 2.915 0.292 

K
a

la
r 

Kalar1 34º 50ʹ 16ʺ 45º 31ʹ 21ʺ 7.91 0.18 0.056 0.03 0.392 0.104 0.179 0.419 21.402 1.762 22.036 95.32 14.878 354.84 3.413 1.566 0.449 

Kalar2 34º 45ʹ 34ʺ 45º 27ʹ 69ʺ 7.94 0.16 0.065 0.036 0.273 0.131 0.181 0.294 14.496 2.201 17.371 92.81 4.785 190.41 1.432 0.974 0.33 

Kalar3 34º 39ʹ 68ʺ 45º 23ʹ 90ʺ 7.93 0.2 0.084 0.036 0.387 0.115 0.153 0.491 17.018 1.976 19.652 93.41 11.319 260.88 1.792 7.412 0.527 

Kalar4 34º 34ʹ 17ʺ 45º 16ʹ 06ʺ 7.55 1.72 0.215 0.041 5.112 0.365 0.112 0.221 13.694 2.422 15.279 92.95 2.905 128.93 0.582 2.318 0.262 

K
h

a
n

a
q

in
 

Khanaqin1 34º 25ʹ 44ʺ 45º 20ʹ 60ʺ 7.80 0.41 0.159 0.083 0.649 0.22 0.170 0.528 17.489 2.791 17.266 93.48 14.518 362.38 1.755 4.042 0.611 

Khanaqin2 34º 21ʹ 39ʺ 45º 23ʹ 92ʺ 7.92 0.18 0.084 0.047 0.382 0.055 0.193 0.319 10.266 1.186 13.880 94.91 7.763 372.45 1.796 2.329 0.366 

Khanaqin3 34º 23ʹ 52ʺ 45º 21ʹ 43ʺ 7.92 0.18 0.084 0.047 0.382 0.055 0.193 0.319 10.266 1.186 13.880 94.91 7.763 372.45 1.796 2.329 0.366 

Khanaqin4 34º 26ʹ 83ʺ 45º 19ʹ 78ʺ 7.65 1.41 0.299 0.077 2.899 1.030 0.029 0.081 19.714 0.636 10.924 94.47 9.887 370.55 1.166 5.593 0.158 

Khanaqin5 34º 34ʹ 88ʺ 45º 20ʹ 49ʺ 7.96 0.23 0.121 0.03 0.501 0.033 0.446 0.403 15.897 2.339 13.811 94.44 2.356 623.53 1.145 7.384 0.433 

S
h

w
a

n
 

Shwan1 35º 33ʹ 20ʺ 44º 22ʹ 76ʺ 7.92 0.41 0.131 0.101 0.758 0.136 0.156 0.545 15.522 1.599 15.106 93.50 6.347 317.92 2.025 4.671 0.646 

Shwan2 35º 33ʹ 53ʺ 44º 22ʹ 52ʺ 7.75 0.19 0.084 0.030 0.332 0.294 0.171 0.173 10.342 1.527 14.029 92.76 7.173 291.90 1.779 2.963 0.203 

Shwan3 35º 36ʹ 50ʺ 44º 22ʹ 59ʺ 7.94 0.22 0.093 0.030 0.458 0.093 0.201 0.377 17.552 0.332 17.619 95.60 10.010 217.00 1.338 5.767 0.407 

Shwan4 35º 40ʹ 87ʺ 44º 24ʹ 24ʺ 7.94 0.22 0.093 0.030 0.458 0.093 0.201 0.377 17.552 0.332 17.619 95.60 10.010 217.00 1.338 5.767 0.407 

Shwan5 35º 43ʹ 42ʺ 44º 27ʹ 25ʺ 7.92 0.41 0.131 0.101 0.758 0.136 0.156 0.545 15.522 1.599 15.106 93.50 6.347 317.92 2.025 4.671 0.646 

A
lt

u
n

k
o
p

ri
 

Altunkopri1 35º 38ʹ 54ʺ 44º 17ʹ 72ʺ 7.90 0.25 0.131 0.059 0.458 0.120 0.205 0.577 18.741 1.633 17.315 94.73 14.556 270.73 1.497 9.910 0.636 

Altunkopri2 35º 40ʹ 98ʺ 44º 14ʹ 66ʺ 7.90 0.25 0.131 0.059 0.458 0.120 0.205 0.577 18.741 1.633 17.315 94.73 14.556 270.73 1.497 9.910 0.636 

Altunkopri3 35º 42ʹ 61ʺ 44º 12ʹ 54ʺ 7.90 0.25 0.131 0.059 0.458 0.120 0.205 0.577 18.741 1.633 17.315 94.73 14.556 270.73 1.497 9.910 0.636 

Altunkopri4 35º 41ʹ 77ʺ 44º 11ʹ 70ʺ 7.88 0.22 0.047 0.077 0.480 0.142 0.209 0.910 18.681 1.689 19.267 95.73 18.731 292.23 2.384 9.902 0.987 

Altunkopri5 35º 44ʹ 66ʺ 44º 10ʹ 15ʺ 7.88 0.22 0.047 0.077 0.480 0.142 0.209 0.910 18.681 1.689 19.267 95.73 18.731 292.23 2.384 9.902 0.987 
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Daquq1 35º 15ʹ 82ʺ 44º 21ʹ 82ʺ 8.02 0.22 0.103 0.041 0.409 0.136 0.172 0.396 18.103 0.880 14.862 95.35 5.324 326.95 1.038 6.901 0.437 

Daquq2 35º 12ʹ 47ʺ 44º 23ʹ 60ʺ 8.02 0.22 0.103 0.041 0.409 0.136 0.172 0.396 18.103 0.880 14.862 95.35 5.324 326.95 1.038 6.901 0.437 

Daquq3 35º 10ʹ 18ʺ 44º 25ʹ 12ʺ 8.02 0.22 0.103 0.041 0.409 0.136 0.172 0.396 18.103 0.880 14.862 95.35 5.324 326.95 1.038 6.901 0.437 

Daquq4 35º 10ʹ 06ʺ 44º 25ʹ 43ʺ 7.36 2.08 0.047 0.053 7.832 0.011 0.189 0.14 70.338 9.766 11.638 99.61 1.707 231.88 0.595 7.023 0.193 

L
a

il
a
n

 

Lailan1 35º 18ʹ 93ʺ 44º 28ʹ 45ʺ 7.58 2.09 0.121 0.095 7.510 0.943 0.194 0.389 86.256 0.294 15.946 98.55 4.096 344.16 0.747 4.208 0.484 

Lailan2 35º 18ʹ 58ʺ 44º 24ʹ 70ʺ 7.58 2.09 0.121 0.095 7.510 0.943 0.194 0.389 86.256 0.294 15.946 98.55 4.096 344.16 0.747 4.208 0.484 

Lailan3 35º 19ʹ 01ʺ 44º 26ʹ 97ʺ 8.27 0.32 0.252 0.030 0.300 0.551 0.32 0.454 16.132 2.309 18.962 94.24 11.549 303.16 1.195 1.690 0.484 

Lailan4 35º 21ʹ 39ʺ 44º 28ʹ 00ʺ 7.58 2.09 0.121 0.095 7.51 0.943 0.194 0.389 86.256 0.294 15.946 98.55 4.096 344.16 0.747 4.208 0.484 

Q
u

sh
ta

p
a
 

Qushtapa1 35º 48ʹ 35ʺ 44º 06ʹ 56ʺ 8.22 0.17 0.084 0.024 0.382 0.022 0.185 0.185 15.259 0.435 13.944 88.06 2.969 383.71 0.581 2.064 0.209 

Qushtapa2 35º 53ʹ 10ʺ 44º 04ʹ 70ʺ 8.22 0.17 0.084 0.024 0.382 0.022 0.185 0.185 15.259 0.435 13.944 88.06 2.969 383.71 0.581 2.064 0.209 

Qushtapa3 35º 59ʹ 16ʺ 44º 02ʹ 02ʺ 8.00 0.26 0.093 0.059 0.491 0.049 0.182 0.637 16.30 0.504 16.098 91.70 7.717 380.57 1.637 5.484 0.696 

Qushtapa4 35º 58ʹ 46ʺ 43º 59ʹ 74ʺ 8.00 0.26 0.093 0.059 0.491 0.049 0.182 0.637 16.30 0.504 16.098 91.70 7.717 380.57 1.637 5.484 0.696 

Qushtapa5 35º 55ʹ 88ʺ 43º 56ʹ 78ʺ 7.86 0.55 0.345 0.024 0.758 0.283 0.338 0.294 17.448 0.195 18.521 89.37 6.675 402.78 1.673 5.555 0.318 

M
a

k
h

m
o
o

r 

Makhmoor1 35º 52ʹ 63ʺ 43º 46ʹ 40ʺ 8.09 0.18 0.056 0.047 0.349 0.044 0.197 0.207 12.624 0.462 10.427 90.15 3.603 228.53 1.327 0.254 0.254 

Makhmoor2 35º 50ʹ 40ʺ 43º 42ʹ 76ʺ 8.09 0.18 0.056 0.047 0.349 0.044 0.197 0.207 12.624 0.462 10.427 90.15 3.603 228.53 1.327 0.254 0.254 

Makhmoor3 35º 48ʹ 33ʺ 43º 39ʹ 23ʺ 8.03 0.26 0.084 0.018 0.485 0.098 0.187 0.204 16.240 0.321 14.500 90.49 2.561 434.62 2.347 6.175 0.222 

Makhmoor4 35º 47ʹ 75ʺ 43º 36ʹ 08ʺ 7.53 1.94 0.149 0.035 6.229 0.398 0.179 0.185 14.894 0.771 16.084 93.89 4.591 296.94 2.922 6.813 0.22 

Makhmoor5 35º 47ʹ 62ʺ 43º 35ʹ 85ʺ 7.72 0.70 0.131 0.036 1.51 0.273 0.189 0.283 17.632 0.664 15.624 93.89 7.181 332.87 1.425 0.603 0.319 

G
w

er
 

Gwer1 35º 55ʹ 38ʺ 43º 42ʹ 30ʺ 7.89 0.24 0.093 0.030 0.529 0.033 0.220 0.420 12.199 4.761 16.276 94.86 6.962 373.35 1.039 3.599 0.4501 

Gwer2 35º 56ʹ 31ʺ 43º 39ʹ 66ʺ 7.89 0.24 0.093 0.030 0.529 0.033 0.220 0.420 12.199 4.761 16.276 94.86 6.962 373.35 1.039 3.599 0.450 

Gwer3 35º 57ʹ 99ʺ 43º 35ʹ 71ʺ 7.82 0.31 0.121 0.030 0.632 0.087 0.206 0.421 18.706 2.117 18.068 95.38 10.091 365.19 1.892 0.854 0.451 

Gwer4 36º 01ʹ 59ʺ 43º 31ʹ 57ʺ 7.52 2.51 0.177 0.101 7.935 0.698 0.189 0.383 50.05 0.137 17.521 97.99 5.757 202.73 1.607 1.172 0.484 

Gwer5 36º 02ʹ 02ʺ 43º 29ʹ 65ʺ 7.97 0.38 0.159 0.172 0.469 0.185 0.184 0.534 10.647 1.050 11.879 93.06 9.199 249.49 2.161 2.596 0.706 
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Appendix (5) Profile description report and morphological characteristics of Said Sadiq 

USDA-NRCS PEDON DESCRIPTION PEDON ID:1  DRAFT 3/2002 

Series of component Name: 

Said Sadiq 

Map Unit Symbol: Photo: 1 Classification: 

Vertic Calcixerolls 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

3/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 23ʹ 52ʺ  N      Datum: GPS 

Longitude: 45º 45ʹ 61ʺ E 

Location: 

Said Sadiq 

UTM:     Zone:      mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country:         

Pedon:1                              Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:       Interval: 

Landscape: 

Foothill 

Landform: 

Plain 

Micro feature: 

Gilgai 

Anthro: 

— 

Elevation: 

590 m 

Aspect: 

1º N 

Slope(%): 

3% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Micro relief: Physio. 

Division: 

Physio. Province: Physio. Section: State Physio. Area: Local Physio. 

Area: 

Drainage:   MW 

Moderate well Drained 

Flooding:                         Ponding: 

None                              none 

Soil Moisture Status: 

Dry 

Permeability: Moderate Rapid Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:               Group:            Formation:                 Member: 

Erosion:          Kind:        Degree: 

None 

Runoff: Surface Frag %:    GR    CB:    ST:     BD:     CN:      FL: Diagnostic Hor. / Prop.:   Kin           Depth: 

P.S. Control Section :       Ave. Clay %:           Ave. Rock Frag %: 

Depth Range:                         62.6% 
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Appendix (5) continued… 

Pedon NO. 1 

Said-sadiq 
Matrix Color 
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Structure 
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t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-6 Ap 

AS 
 

Abrupt 

Smooth 

10 YR 4/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 
C 

2       VC        GR 
 

Moderate Very Coarse  

Granular 

EH 

 

Extremely 

Hard 

FI 

 

Firm 

SS 

 

Slightly 

Sticky 

VP 

 

Very 

Plastic 

No 

2 SP 6-37 B1 
CW 

 

Clear Wavy 

10 YR 4/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

C 

3       CO     ABK 
 

Strong           Coarse 

Angular Blocky 

SH 

 

Slightly 

hard 

FR 

 

Friable 

SS 

 

Slightly 

Sticky 

VP 

 

Very 

Plastic 

No 

3 SP 37-60 B2 

GW 
 

Gradual Wavy 
 

10 YR 5/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

C 

2      CO    ABK 
 

Moderate        Coarse     

Angular Blocky 

SH 

 

Slightly 

hard 

FR 

 

Friable 

MS 

 
Moderately 

Sticky 

VP 

 

Very 

Plastic 

No 

4 SP +60 Ck 
____ 

 

10 YR 5/3 
 

Brown 

10 YR 4/3 
 

Brown 

 

SiC 

2       M       ABK 
 

Moderate     Medium                       
Angular Blocky 

MH 

 

Mod. Hard 

FR 

 

Friable 

SS 

 

Slightly 

Sticky 

VP 

 

Very 

Plastic 

No 

                      *
 Observation Method, SP = Small Pit, hand dug (<1m-2m),*C: Clay, SiC: Silty Clay. 

 

 

 



 

025 
 

Appendix (6): Profile description report and morphological characteristics of Chamchamal 

USDA-NRCS PEDON DESCRIPTION PEDON ID : 2  DRAFT 3/2002 

Series of component Name: 

Chamchamal 

Map Unit Symbol: Photo: 2 Classification: 

Vertic Haplocalcids 

Soil Moist. Regime (Tax): 

                  Xeric 

Describer(s): 

Mahtab 

Date: 

15/10/2016 

Weather:                Tepm:             Air: 

SunnySoil:Depth: 

Latitude: 35º 33ʹ 41ʺ              Datum: GPS 

Longitude: 44º 51ʹ 23ʺ 

Location:  

Chamchamal 

UTM:      Zone:       mE:         mN: Topo Quad: Site ID:   Yr:        State:             Country: 

Pedon:2                            Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:           Interval: 

Landscape: 

Hills 

Landform: 

Hill slope 

Micro feature: 

Hillock 

Anthro: Elevation: 

693 m 

Aspect: 

347º N 

Slope(%): 

18% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Microrelief: Physio. Division: Physio. Province: Physio. Section: State Physio. Area: Local Physio. 

Area: 

Drainage:(WD) 

Well Drained 

Flooding:                  Ponding: 

None                        none 

Soil Moisture Status: 

Dry 

Permeability:   Moderate slow Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:                Group:          Formation:                 Member: 

Erosion:  G         Kind:      Degree: 

(Gully)                    1 

Runoff: Surface Frag %:      GR:     CB:      ST:     BD:     CN:    FL: Diagnostic Hor. / Prop.:            Kind:     Depth: 

P.S. Control Section :       Ave. Clay %:        Ave. Rock Frag %: 

Depth Range:                            45.4% 
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Appendix (6) continued… 

Pedon NO. 2                                                                    

Chamchamal 
Matrix Color 
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Structure 
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Stickiness Plasticity 
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SP 

0-17 

 
Ap 

AS 
 

Abrupt 
Smooth 

 

7.5 YR 6/4 
 

Light Brown 

7.5 YR 4/4 
 

Brown 

 

SiC 
 

1      CO     SBK 
 

Weak Coarse Sub-

angular Blocky 

HA 
 

Hard 

FR 
 

Friable 

SS 
 

Slightly 

Sticky 

VP 
 

Very 

Plastic 

No 

2 SP 17-40 Ck1 

AS 
 

Abrupt 

Smooth 

7.5 YR 5/4 
 

Brown 

7.5 YR 4/4 
 

Brown 

 

SiC 

1       M      ABK 
 

Weak          Medium  

angular Blocky 

SH 
 

Slightly Hard 

VFR 
 

Very 

Friable 

SS 
 

Slightly 

Sticky 

VP 
 

Very 

Plastic 

No 

3 SP 40-133 Ck2 

AS 
 

Abrupt 

Smooth 

7.5 YR 5/4 
 

Brown 

7.5 YR  4/4 
 

Brown 
SiC 

2      CO     ABK 
 

Moderate       Coarse  

angular Blocky 

HA 
 

Hard 

FR 
 

Friable 

SS 
 

Slightly 

Sticky 

VP 
 

Very 

Plastic 

No 

4 SP +133 Ck3 
 

---- 

 

7.5 YR 6/4 
 

Light Brown 

7.5 YR 4/4 
 

Brown 
SiCL 

2         M    ABK 

  

Moderate    Medium 
angular Blocky 

HA 
 

Hard 
 

FI 
 

Firm 

SS 
 

Slightly 
Sticky 

VP 
 

Very 
Plastic 

No 

               * SiCL: Silty Clay Loam, SiC: SiltyClay 
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Appendix (7): Profile description report and morphological characteristics of Bazian 

USDA-NRCS PEDON DESCRIPTION PEDON ID : 3  DRAFT 3/2002 

Series of component Name: 

Bazian 

Map Unit 

Symbol: 

Photo: 3 Classification: 

Vertic Haploxerolls 

Soil Moist. Regime (Tax): 

                  Xeric 

Describer(s): 

Mahtab 

Date: 

15/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 36ʹ 55ʺ            Datum: GPS 

Longitude: 45º 06ʹ 98ʺ 

Location:  

Bazian 

UTM:      Zone:       mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 3                      Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:       Interval: 

Landscape: 

Plateau 

Landform: 

Plateau 

Micro feature: 

Gilgai 

Anthro: Elevation: 

824 m 

Aspect: 

215º SW 

Slope (%): 

2% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. Area: Local Physio. Area: 

Drainage: 

Moderate well drained 

Flooding:                         Ponding: 

none                              none 

Soil Moisture Status: 

Dry 

Permeability: Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:                Group:         Formation:              Member: 

Erosion:           Kind:         Degree: 

None 

Runoff: Surface Frag %:       GR:    CB:    ST:      BD:    CN:    FL: Diagnostic Hor. / Prop.:                   Kind:              

Depth: 

P.S. Control Section :          Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                            46.6% 
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Appendix (7) continued… 

Pedon NO. 3 

Bazian 
Matrix Color 
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SP 

0-8 

 
Ap 

AS 
 

Abrupt 
Smooth 

 

10 YR 5/2 
 

Grayish 

Brown 

10 YR 3/2 
 

Very Dark 
Grayish 

Brown 

SiC 

1       CO     GR 
 

Weak          Coarse 

Granular 

SH 
 

Slightly Hard 

VFR 
 

Very 

Friable 

SS 
 

Slightly 

Sticky 

VP 
 

Very 

Plastic 

No 

2 SP 8-40 Bk 

AS 
 

Abrupt 

Smooth 
 

10 YR 5/2 
 

Grayish 

Brown 

10 YR 3/2 
 

Very Dark 

Grayish 
Brown 

SiC 

3      CO     ABK 
 

Strong           Coarse 

Angular Blocky 

VH 
 

Very Hard 

VFI 
 

Very 

Firm 

MS 
 

Moderately 

Sticky 

VP 
 

Very 

Plastic 

No 

3 SP 40-81 Ck1 

CW 
 

Clear 

Wavy 

10 YR 5/2 
 

Grayish 

Brown 

10 YR 3/2 
 

Very Dark 

Grayish 
Brown 

SiC 

3     CO    ABK 
 

Strong            Coarse 

Angular Blocky 

VH 
 

Very Hard 

FI 
 

Firm 

SS 
 

Slightly 

Sticky 

VP 
 

Very 

Plastic 

No 

4 SP +81 Ck2 — 

10 YR 5/2 
 

Grayish 
Brown 

10 YR 3/2 
 

Very Dark 

Grayish 

Brown 

SiC 

2        CO    ABK 
 

Moderate       Coarse 
Angular Blocky 

VH 
 

Very Hard 

FI 
 

Firm 

MS 
 

Moderately 
Sticky 

VP 
 

Very 
Plastic 

No 

               * SiC: Silty Clay 
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Appendix (8): Profile description report and morphological characteristics of Mawat 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 4  DRAFT 3/2002 

Series of component Name: 

Mawat 

Map Unit Symbol: Photo: 4 Classification: 

Typic Haploxerolls 

Soil Moist. Regime (Tax): 

                 Xeric 

Describer(s): 

Mahtab 

Date: 

18/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 53ʹ 70ʺ            Datum: GPS 

Longitude: 45º 23ʹ 68ʺ 

Location: 

Mawat 

UTM:      Zone:      mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country:   

Pedon:4                           Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:           Interval: 

Landscape: 

Mountain 

Landform: 

Mountain valley 

Micro feature: Anthro: Elevation: 

439 m 

Aspect: 

48º NE 

Slope (%): 

14% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. Area: Local Physio. Area: 

Drainage: 

Moderate well drained 

Flooding:                       Ponding: 

none                             none 

Soil Moisture Status: 

Dry 

Permeability:  Moderate rapid 

Ksat: 

Land Cover / Use: 

Oak (THW) and grasses (GML) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:                   Group:              Formation:                 Member: 

Erosion:  G         Kind:      Degree: 

(Gully)                 0 

Runoff: Surface Frag %:       GR:      CB:    ST:    BD:    CN:    FL: Diagnostic Hor. / Prop.:          Kind:        Depth: 

P.S. Control Section :         Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                        18.2% 
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Appendix (8) continued… 

Pedon NO. 4 

Mawat 
Matrix Color 
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Structure 
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SP 

0-22 

 
Ap 

AS 
 

Abrupt 
Smooth 

 

2.5 YR 4/4 
 

Reddish 

Brown 

2.5 YR 3/4 
 

Dark Reddish 

Brown 

 

 CL 
 

1       VC     GR 
 

Weak      Very Coarse 

Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

SO 
 

Non-Sticky 

MP 
 

Moderately 

Plastic 

No 

2 SP 22-53 Bk 

AS 
 

Abrupt 

Smooth 
 

2.5 YR 5/3 
 

Reddish 

Brown 

2.5 YR 3/3 
 

Dark Reddish 

Brown 

 

 SL 

1         M     ABK 
 

Weak           Medium  

Angular Blocky 

SH 
 

Slightly 

Hard 

VFR 
 

Very 

Friable 

SO 
 

Non-Sticky 

PO 
 

Non-Plastic 

No 

3 SP 53-99 Ck1 

AS 
 

Abrupt 

Smooth 
 

2.5 YR 5/3 
 

Reddish 

Brown 

2.5 YR 3/3 
 

Dark Reddish 

Brown 

 SL 

3        M      ABK 
 

Strong         Medium  

Angular Blocky 

EH 
 

Extremely 

Hard 

EF 
 

Extr. 

Firm 

SO 
 

Non-Sticky 

PO 
 

Non-Plastic 

No 

4 SP 99-129 Ck2 

AS 
 

Abrupt 

Smooth 

 

2.5 YR 5/3 
 

Reddish 
Brown 

2.5 YR 3/3 
 

Dark Reddish 
Brown 

 SiL 

3        M      ABK 
 

Strong          Medium  
Angular Blocky 

EH 
 

Extremely 
Hard 

EF 
 

Extr. 
Firm 

SO 
 

Non-Sticky 

PO 
 

Non-Plastic 

No 

5 SP +129 Ck3 — 

2.5 YR 5/3 
 

Reddish 

Brown 

2.5 YR 3/4 
 

Dark Reddish 

Brown 

 CL 

3        M      ABK 
 

Strong         Medium  

Angular Blocky 

EH 
 

Extremely 

Hard 

VFI 
 

Very 

Firm 

SO 
 

Non-Sticky 

PO 
 

Non-Plastic 

No 

               * SiL: Silty Loam, SL: Sandy Loam, CL: Clay Loam 
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Appendix (9): Profile description report and morphological characteristics of Qaradakh 1 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 5  DRAFT 3/2002 

Series of component Name: 

Qaradakh 1 

Map Unit Symbol: Photo:5 Classification: 

Aridic Calcixerolls 

Soil Moist. Regime (Tax): 

                 Xeric 

Describer(s): 

Mahtab 

Date: 

19/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude:   35º 18ʹ 53ʺ          Datum: GPS 

Longitude: 45º 21ʹ 48ʺ 

Location: 

Qaradakh 1 

UTM:      Zone:         mE:   mN: Topo Quad: Site ID:        Yr:        State:    Country: 

Pedon:5                            Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:         Interval: 

Landscape: 

Mountain 

Landform: 

Mountain valley 

Microfeature: Anthro: Elevation: 

867 m 

Aspect: 

53º NE 

Slope (%): 

10% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Somewhat poorly drained 

Flooding:              Ponding: 

none                     none 

Soil Moisture Status: 

Dry 

Permeability:  very slow 

Ksat: 

Land Cover / Use: 

Oak (THW) and grasses (GML) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:              Group:          Formation:                 Member: 

Erosion: G           Kind:      Degree: 

(Gully)                 0 

Runoff: Surface Frag %:     GR:   CB:    ST:      BD:      CN:      FL: Diagnostic Hor. / Prop.:        Kind:      Depth: 

P.S. Control Section :     Ave. Clay %:               Ave. Rock Frag %: 

Depth Range:                           35.7% 

 

 

Qaradakh 1 
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Appendix (9) continued… 

Pedon NO. 5 

Qaradakh1 
Matrix Color 
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SP 0-42 Ap 

DW 
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10 YR 4/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

SiCL 
 

1       C      GR 
 

Weak        Coarse 

Granular 

S 
 

Soft 

FR 
 

Friable 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

2 SP 42-94 B 
CW 

 

Clear Wavy 

10 YR 6/4 
 

Light 

Yellowish 
Brown 

10 YR 5/6 
 

Yellowish 

Brown 

 

SiC 

2       F      ABK 
 

Moderate            Fine 

Angular Blocky 

SH 
 

Slightly 

Hard 

FI 
 

Firm 

SO 
 

Non-Sticky 

MP 
 

Moderately 

Plastic 

No 

3 SP +94 C — 

10 YR  6/6 
 

Brownish 

Yellow 

10 YR  4/4 
 

Dark 

Yellowish 
Brown 

  CL 

2         M     ABK 
 

Moderate      Medium 

Angular Blocky 

H 
 

Hard 

FI 
 

Firm 

MS 
 

Moderately 

Sticky 

MP 
 

Moderately 

Plastic 

No 

               * SiCL: Silty Clay Loam, SiC: SiltyClay, CL: Clay Loam  
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Appendix (10): Profile description report and morphological characteristics of Qaradakh 2 

USDA-NRCS PEDON DESCRIPTION PEDON ID:6  DRAFT 3/2002 

Series of component Name: 

Qaradakh 2 

Map Unit 

Symbol: 

Photo: 6 Classification: 

Aridic Calcixerolls 

Soil Moist. Regime (Tax): 

                 Xeric 

Describer(s): 

Mahtab 

Date: 

19/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 18ʹ 61ʺ           Datum: GPS 

Longitude: 45º 21ʹ 47ʺ 

Location: 

Qaradakh 2 

UTM:      Zone:     mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 6                             Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:          Interval: 

Landscape: 

Mountain 

Landform: 

Mountain valley 

Micro feature: Anthro: Elevation: 

588 m 

Aspect: 

207º SW 

Slope (%): 

8% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:    Moderate rapid 

Ksat: 

Land Cover / Use: 

Grasses (GML) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:                   Group:              Formation:                 Member: 

Erosion: G         Kind:       Degree: 

(Gully)                 0 

Runoff: Surface Frag %:     GR:    CB:      ST:     BD:      CN:     FL: Diagnostic Hor. / Prop.:           Kind:           Depth: 

P.S. Control Section :         Ave. Clay %:         Ave. Rock Frag %: 

Depth Range:                         29.3% 

 

Qaradakh 2 



 

034 
 

Appendix (10) continued… 

Pedon NO. 6 

Qaradakh 2 
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CW 
 

Clear 
Wavy 

 

10 YR 5/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

   L 
 

1      VC     GR 
 

Weak     Very Coarse 

Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

2 SP 32-78 B 

CW 
 

Clear 

Wavy 
 

2.5 Y 5/3 
 

Light Olive 

Brown 

10 Y 4/4 
 

Olive Brown 

 

SiCL 

2        M      SBK 
 

Moderate       

Medium   Sub-
angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

3 SP 78-131 Ck1 

AS 
 

Abrupt 

Smooth 
 

2.5 Y 7/3 
 

Pale Brown 

10 YR  5/4 
 

Yellowish 

Brown 

SiCL 

1        M      SBK 
 

Weak           Medium   

Sub-angular Blocky 

H 
 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

4 SP +131 Ck2 --- 

10 YR 6/4 
 

Light 

Yellowish 

Brown 

10 YR  5/6 
 

Yellowish 

Brown 

 

SiC 

2          F      SBK 

 

Moderate            Fine 
Sub-angular Blocky 

VH 
 

Very 
Hard 

FI 
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SS 
 

Slightly Sticky 

MP 
 

Moderately 
Plastic 

No 

 

               * SiCL: Silty Clay Loam, L: Loam, SiC: SiltyClay 
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Appendix (11): Profile description report and morphological characteristics of Sangaw 

USDA-NRCS PEDON DESCRIPTION PEDON ID:7  DRAFT 3/2002 

Series of component Name: 

Sangaw 

Map Unit 

Symbol: 

Photo: 7 Classification: 

Vertic Calcixerepts 

Soil Moist. Regime (Tax): 

                 Xeric 

Describer(s): 

Mahtab 

Date: 

19/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 16ʹ 51ʺ               Datum: GPS 

Longitude: 45º 09ʹ 75ʺ 

Location: 

Sangaw 

UTM:      Zone:        mE:          mN: Topo Quad: Site ID:        Yr:        State:         Country:         

Pedon: 7                          Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:           Interval: 

Landscape: 

Hill 

Landform: 

High hill 

Micro feature: Anthro: Elevation: 

809 m 

Aspect: 

120º SE 

Slope (%): 

17% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well 

Flooding:                         Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:  Moderate rapid 

Ksat: 

Land Cover / Use: 

Grasses (GML) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:                Group:              Formation:               Member: 

Erosion: G          Kind:       Degree: 

(Gully)                   0 

Runoff: Surface Frag %:      GR:     CB:     ST:     BD:     CN:     FL: Diagnostic Hor. / Prop.:                Kind:          Depth: 

P.S. Control Section :       Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                     45.6% 
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Appendix (11) continued… 

Pedon NO. 7 

Sangaw 
Matrix Color 
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Brown 

 

  C 
 

1       CO       GR 
 

Weak           Coarse 

Granular 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

MP 
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Plastic 

No 

2 SP 36-87 Bw 

CW 
 

Clear 

Wavy 

7.5 YR 6/3 
 

Light Brown 

7.5 YR 4/3 
 

Brown 
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1        M     ABK 
 

Weak          Medium 

angular Blocky 

HA 
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Sticky 

VP 
 

Very Plastic 

No 

3 SP +87 Ck 
 

----- 

7.5 YR 5/4 
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7.5 YR  3/3 
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Moderate     Medium   

angular Blocky 
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Very 
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VH 
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MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

               * C: Clay, SiCL: Silty Clay Loam, SiC: Silty Clay. 
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Appendix (12): Profile description report and morphological characteristics of Sangasar 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 8  DRAFT 3/2002 

Series of component Name: 

Sangasar 

Map Unit 

Symbol: 

Photo: 8 Classification: 

Chromic Calcixererts 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

21/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 36º 14ʹ 26ʺ           Datum: GPS 

Longitude: 45º 02ʹ 47ʺ 

Location: 

Sangasar 

UTM:      Zone:       mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon:8                              Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:         Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

558 m 

Aspect: 

113º SE 

Slope (%): 

5% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability: Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:            Group:              Formation:                 Member: 

Erosion:  S        Kind:        Degree: 

(Sheet)              0 

Runoff: Surface Frag %:       GR:     CB:    ST:    BD:      CN:      FL: Diagnostic Hor. / Prop.:           Kind:         Depth: 

P.S. Control Section :      Ave. Clay %:         Ave. Rock Frag %: 

Depth Range:                       53.5% 
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Appendix (12) continued… 

Pedon NO. 8 
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FI 
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SS 
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VP 
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No 

2 SP 9-35 Bss1 

CW 
 

Clear 

Wavy 

7.5 YR 

4/4 
 

Brown 

7.5 YR 3/3 
 

Dark Brown 
  C 

2      CO    SBK 
 

Moderate       Coarse 

Sub-angular Blocky 

H 
 

Hard 

FI 
 

Firm 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

3 SP 35-49 Bss2 

CW 
 

Clear 

Wavy 

7.5 YR 

4/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 
  C 

2        M      SBK 
 

Moderate     Medium   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

4 SP +49 Bss3 
 

----- 
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Brown 
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No 

                * C: Clay 
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Appendix (13): Profile description report and morphological characteristics of Chwarqurna 

USDA-NRCS PEDON DESCRIPTION PEDON ID:9  DRAFT 3/2002 

Series of component Name: 

Chwarqurna 

Map Unit 

Symbol: 

Photo: 9 Classification: 

Vertic Calcixerepts 

Soil Moist. Regime (Tax): 

               Xeric 

Describer(s): 

Mahtab 

Date: 

21/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude:  36º 12ʹ 00ʺ           Datum: GPS 

Longitude: 44º 46ʹ 75ʺ 

Location: 

Chwarqurna 

UTM:      Zone:       mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 9   Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:     Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: 

Gilgai 

Anthro: Elevation: 

532 m 

Aspect: 

274º W 

Slope (%): 

1% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Moist 

Permeability:   Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:              Group:              Formation:                 

Member: 

Erosion:          Kind:       Degree: 

None 

Runoff: Surface Frag %:       GR:     CB:     ST:     BD:     CN:    FL: Diagnostic Hor. / Prop.:   Kind:      Depth: 

P.S. Control Section :        Ave. Clay %:        Ave. Rock Frag %: 

Depth Range:                        55.1% 
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Appendix (13) continued… 

Pedon NO. 9 

Chwarqurna 
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Brown 

 

  C 
 

3       VC     GR 
 

Strong   Very Coarse 

Granular 

VH 
 

Very 

Hard 

FI 
 

Firm 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

2 SP 7-46 Bw 

CW 
 

Clear 

Wavey 

7.5 YR 4/2 
 

Brown 

7.5 YR 3/2 
 

Dark Brown 

 

  C 

3       CO   ABK 
 

Strong            Coarse  

angular Blocky 

H 
 

Hard 

FR 
 

Friable 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

3 SP +46 Ck 
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7.5 YR  4/2 
 

Brown 

7.5 YR 3/2 
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angular Blocky 
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VP 
 

Very Plastic 

No 

              * C: Clay, SiC: Silty Clay.  
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Appendix (14): Profile description report and morphological characteristics of Dukan 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 10  DRAFT 3/2002 

Series of component Name: 

Dukan 

Map Unit 

Symbol: 

Photo: 10 Classification: 

Lithic Calcixerepts 

Soil Moist. Regime (Tax): 

                    Xeric 

Describer(s): 

Mahtab 

Date: 

21/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 53ʹ 15ʺ            Datum: GPS 

Longitude: 44º 59ʹ 02ʺ 

Location: 

Dukan 

UTM:      Zone:       mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 10                           Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:         Interval: 

Landscape: 

Mountains 

Landform: 

Mountains valley 

Micro feature: Anthro: Elevation: 

476 m 

Aspect: 

350º N 

Slope (%): 

5% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:   Moderate rapid 

Ksat: 

Land Cover / Use: 

Oak (THW) and grasses (GML) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:        Group:              Formation:                 Member: 

Erosion: G         Kind:      Degree: 

(Gully)                 0 

Runoff: Surface Frag %:    GR:    CB:      ST:      BD:      CN:      FL: Diagnostic Hor. / Prop.:            Kind:           Depth: 

P.S. Control Section :         Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                             44.3% 
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Appendix (14) continued… 

Pedon NO. 10                                                                     
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  C 

1         F       GR 
 

Weak  Fine  Granular 

SH 
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Hard 
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Very 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

2 SP 19-33 Bw 

CW 
 

Clear 

Wavy 

10 YR 5/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

SiC 

1         VF      GR 
 

Weak        Very Fine 

Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

3 SP 33-63 Ck1 

CW 
 

Clear 

Wavy 

10 YR  6/4 
 

Light 

Yellowish 
Brown 

10 YR  4/4 
 

Dark Yellowish 

Brown 

SiC 

2         F      ABK 
 

Moderate            Fine 

angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

4 SP +63 Ck2 
 

— 

10 YR  5/4 
 

Yellowish 
Brown 

10 YR  4/6 
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Brown 

SiC 
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Moderate     Medium 
Angular Blocky 

SH 
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MS 
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Sticky 

VP 
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No 

                * C: Clay, SiC: Silty Clay. 
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Appendix (15): Profile description report and morphological characteristics of Darbandikhan 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 11  DRAFT 3/2002 

Series of component Name: 

Darbandikhan 

Map Unit 

Symbol: 

Photo: 11 Classification: 

Fluventic Haploxerepts 

Soil Moist. Regime (Tax): 

                    Xeric 

Describer(s): 

Mahtab 

Date: 

23/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 05ʹ 21ʺDatum: GPS 

Longitude: 45º 40ʹ 96ʺ 

Location: 

Darbandikhan 

UTM:      Zone:      mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country:         

Pedon: 11                           Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:       Interval: 

Landscape: 

Mountains 

Landform: 

high hill 

Micro feature: Anthro: Elevation: 

400 m 

Aspect: 

73º E 

Slope (%): 

22% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                   Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:   Moderate rapid 

Ksat: 

Land Cover / Use: 

Grasses (GML) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:            Group:              Formation:                 Member: 

Erosion: G        Kind:          Degree: 

(Gully)                  0 

Runoff: Surface Frag %:     GR:     CB:     ST:     BD:     CN:      FL: Diagnostic Hor. / Prop.:  Kind:         Depth: 

P.S. Control Section :        Ave. Clay %:        Ave. Rock Frag %: 

Depth Range:                             22.8% 
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Appendix (15) continued… 

Pedon NO. 11 

Darbandikhan 
Matrix Color 

T
ex

tu
re

  
 
Structure  

 
Grade  Size Type 

Consistence 

M
o
tt

le
s 

 

O
b

se
r
. 

M
et

h
o

d
 

D
ep

th
 (

cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-30 A 

AS 
 

Abrupt 
Smooth 

 

10 YR 4/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

   L 
 

1         CO     GR 
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CW 
 

Clear 
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Brown 

7.5 YR 3/3 
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1        M      SBK 
 

Weak           Medium   

Sub-angular Blocky 

SH 
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FR 
 

Friable 
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MP 
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Plastic 

No 
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SiL 
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Weak           Medium   

Sub-angular Blocky 
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Plastic 
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                * L: Loam, SiL: Silty Loam. 
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Appendix (16): Profile description report and morphological characteristics of Kalar 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 12  DRAFT 3/2002 

Series of component Name: 

Kalar 

Map Unit 

Symbol: 

Photo: 12 Classification: 

Xeric Haplocacids 

Soil Moist. Regime (Tax): 

                    Xeric 

Describer(s): 

Mahtab 

Date: 

23/10/2016 

Weather:                Tepm: Air: 

Sunny                Soil:             Depth: 

Latitude:34º 34ʹ 17ʺ            Datum: GPS 

Longitude: 45º 16ʹ 06ʺ 

Location: 

Kalar 

UTM:      Zone:       mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon:12                         Sulaimani-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:          Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

196 m 

Aspect: 

139º SE 

Slope (%): 

2% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:  Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:         Group:              Formation:                 Member: 

Erosion: S     Kind:          Degree: 

(Sheet)                0 

Runoff: Surface Frag %:   GR:    CB:     ST:      BD:      CN:      FL: Diagnostic Hor. / Prop.:             Kind:        Depth: 

P.S. Control Section :         Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                             29.5% 
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Appendix (16) continued… 

Pedon NO. 12                                                                     

Kalar 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 

M
o

tt
le

s 

 

O
b

se
r
. 

M
et

h
o

d
 

D
ep

th
 (

cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-16 A 

AS 
 

Abrupt 
Smooth 

 

10 YR 6/4 
 

Light 
Yellowish 

Brown 

10 YR 4/4 
 

Dark Yellowish 

Brown 

 

SiL 
 

1       F      SBK 
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Smooth 
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Light Brown 
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Weak           Medium 

Sub-angular Blocky 
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Very 
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SS 
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VP 
 

Very Plastic 

No 
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AS 
 

Abrupt 

Smooth 
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7.5 YR 4/4 
 

Brown 
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Moderate     Medium   

Sub-angular Blocky 
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Hard 

FR 
 

Friable 

SS 
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VP 
 

Very Plastic 

No 
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Smooth 
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MS 
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VP 
 

Very Plastic 

No 

                * SiL: Silty Loam, CL: Clay Loam, SiCL: Silty Clay Loam. 
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Appendix (17): Profile description report and morphological characteristics of Khanaqin 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 13  DRAFT 3/2002 

Series of component Name: 

Khanaqin 

Map Unit 

Symbol: 

Photo: 13 Classification: 

                            Xeric Haplocacids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

23/10/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 34º 25ʹ 44ʺ             Datum: GPS 

Longitude: 45º 20ʹ 60ʺ 

Location: 

Khanaqin 

UTM:      Zone:      mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country:         

Pedon:13                      Diyala-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:       Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

179 m 

Aspect: 

200º S 

Slope (%): 

5% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:   Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:             Group:              Formation:                 Member: 

Erosion:  S       Kind:          Degree: 

(Sheet)                0 

Runoff: Surface Frag %:       GR:    CB:     ST:     BD:     CN:    FL: Diagnostic Hor. / Prop.:             Kind:          Depth: 

P.S. Control Section :         Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                               14.3% 
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Appendix (17) continued… 

Pedon NO. 13 
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Consistence 

M
o

tt
le

s 

 

O
b

se
r
. 

M
et

h
o

d
 

D
ep

th
 (

cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-30 A 

AS 
 

Abrupt 
Smooth 

 

7.5 YR 6/3 
 

Light Brown 

7.5 YR 4/4 
 

Brown 

 

   L 
 

2        M      SBK 
 

Moderate     Medium   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

VFR 
 

Very 

Friable 

S0 
 

Non- Sticky 

MP 
 

Moderately 

Plastic 

No 

2 SP 30-90 Ck1 

CW 
 

Clear 

Wavy 
 

7.5 YR 6/4 
 

Light Brown 

7.5 YR 4/6 
 

Strong Brown 

 

CL 

2        M      SBK 
 

Moderate     Medium   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

3 SP 90-143 Ck2 

AS 
 

Abrupt 

Smooth 

7.5 YR 8/3 
 

Pink 

7.5 YR  7/4 
 

Pink 
SiL 

2     CO     SBK 
 

Moderate       Coarse  

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

4 SP +143 Ck3 
 

— 

7.5 YR  

6/4 
 

Light Brown 

7.5 YR  5/6 
 

Strong Brown 
 Si 

2        M      SBK 
 

Moderate     Medium   
Sub-angular Blocky 

H 
 

Hard 

VFR 
 

Very 
Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

               * L: Loam, CL: Clay Loam, SiL: Silty Loam, Si: Silty 
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Appendix (18): Profile description report and morphological characteristics of Shwan 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 14  DRAFT 3/2002 

Series of component Name: 

Shwan 

Map Unit 

Symbol: 

Photo: 14 Classification: 

                             Lithic Xeric Haplocalcids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

26/11/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 33ʹ 53ʺ            Datum: GPS 

Longitude: 44º 22ʹ 52ʺ 

Location: 

Shwan 

UTM:      Zone:       mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country:         

Pedon: 14                      Kirkuk-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:         Interval: 

Landscape: 

Hills 

Landform: 

Hill slope 

Micro feature: Anthro: Elevation: 

435 m 

Aspect: 

180º S 

Slope (%): 

23% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:   Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) and Grasses (GML) 

Parent Material: Bedrock:         Kind:     Fract:       Hard:          Depth: 

Limestone 

Lithostrat. Units:                   Group:              Formation:                 Member: 

Erosion: G       Kind:          Degree: 

(Gully)              0 

Runoff: Surface Frag %:     GR:     CB:     ST:    BD:     CN:      FL: Diagnostic Hor. / Prop.:           Kind:      Depth: 

P.S. Control Section :         Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                           21.3% 
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Appendix (18) continued… 

Pedon NO. 14 

Shwan 
Matrix Color 

T
ex

tu
re

  
 
Structure  

 
Grade  Size Type 

Consistence 

M
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le

s 

 

O
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r
. 

M
et

h
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d
 

D
ep

th
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cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-29 Ap 

CW 
 

Clear 
Wavy 

 

10 YR 6/4 
 

Light 
Yellowish 

Brown 

10 YR 4/4 
 

Dark Yellowish 

Brown 

 

   L 
 

1       CO      GR 
 

Weak          Coarse 

Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

S0 
 

Non- Sticky 

MP 
 

Moderately 

Plastic 

No 

2 SP 29-68 C1 

CW 
 

Clear 

Wavy 
 

10 YR 6/3 
 

Pale Brown 

10 YR 4/3 
 

Brown 

 

   L 

1        M      SBK 
 

Weak          Medium   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

3 SP +68 C2 
 

— 

10 YR  7/3 
 

Very Pale 

Brown 

10 YR  4/3 
 

Brown 
SiL 

3       CO    ABK 
 

Strong           Coarse 

Angular Blocky 

H 
 

Hard 

FI 
 

Firm 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

                * L: Loam, SiL: Silty Loam 
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Appendix (19): Profile description report and morphological characteristics of Altuncopri-Prdei 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 15  DRAFT 3/2002 

Series of component Name: 

Altuncopri 

Map Unit 

Symbol: 

Photo: 15 Classification: 

Xeric Haplocacids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

26/11/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 41ʹ 77ʺ          Datum: GPS 

Longitude: 44º 11ʹ 70ʺ 

Location: 

Altuncopri 

UTM:      Zone:      mE:       mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 15                      Kirkuk-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:        Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

303m 

Aspect: 

8º N 

Slope (%): 

3% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Somewhat poorly drained 

Flooding:                Ponding: 

none                    none 

Soil Moisture Status: 

Dry 

Permeability:  Rapid slow 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) and corn (CRC) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:           Group:              Formation:                 Member: 

Erosion: S         Kind:       Degree: 

(Sheet)               0 

Runoff: Surface Frag %:       GR:      CB:   ST:     BD:    CN:     FL: Diagnostic Hor. / Prop.:            Kind:         Depth: 

P.S. Control Section :          Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                             38.6% 
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Appendix (19) continued… 

Pedon NO. 15 

Altuncopri-Prdei 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 
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r
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M
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h
o

d
 

D
ep

th
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) 

H
o
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H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-20 Ap 

CW 
 

Clear 

Wavy 

10 YR 5/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

SiCL 
 

1        M      SBK 
 

Weak         Medium 

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

SP 
 

Moderately 

Plastic 

No 

2 SP 20-37 C1 

CW 
 

Clear 

Wavy 

10 YR 6/3 
 

Pale Brown 

10 YR 4/3 
 

Brown 

 

SiCL 

2       CO    ABK 
 

Moderate       Coarse 

Angular Blocky 

H 
 

Hard 

FI 
 

Firm 

 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

3 SP 37-50 C2 

CW 
 

Clear 

Wavy 

10 YR 5/4 
 

Yellowish 

Brown 

10 YR  3/6 
 

Dark Yellowish 

Brown 

SiCL 

1        M     SBK 
 

Weak           Medium 

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

 

VFR 
 

Very 

Friable 

MS 
 

Moderately 

Sticky 

MP 
 

Moderately 

Plastic 

No 

4 SP +50 C3 
 

— 

10 YR  6/4 
 

Light 

Yellowish 

Brown 

10 YR  4/4 
 

Dark Yellowish 
Brown 

SiCL 

2         M     SBK 
 

Moderate     Medium 
Sub-angular Blocky 

SH 
 

Slightly 
Hard 

FR 
 

Friable 

MS 
 

Moderately 
Sticky 

VP 
 

Very Plastic 

No 

                * SiCL: Silty Clay Loam 
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Appendix (20):Profile description report and morphological characteristics of Daquq 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 16  DRAFT 3/2002 

Series of component Name: 

Daquq 

Map Unit 

Symbol: 

Photo: 16 Classification: 

                            Xeric Haplocalcids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

10/12/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 10ʹ 06ʺ          Datum: GPS 

Longitude: 44º 25ʹ 43ʺ 

Location: 

Daquq 

UTM:      Zone:       mE:       mN: Topo Quad: Site ID:        Yr:        State:         Country:         

Pedon:16                     Kirkuk-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:         Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

229 m 

Aspect: 

352º N 

Slope (%): 

3% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability:  Moderate 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:            Group:              Formation:                 Member: 

Erosion:  S       Kind:          Degree: 

(Sheet)                 0 

Runoff: Surface Frag %:       GR:    CB:     ST:     BD:    CN:     FL: Diagnostic Hor. / Prop.:            Kind:        Depth: 

P.S. Control Section :         Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                              7.0% 
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Appendix (20) continued… 

Pedon NO. 16 

Daquq 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 

M
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s 
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M
et
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d
 

D
ep

th
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cm
) 

H
o
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zo
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H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-29 A 

CW 
 

Clear 

Wavy 

10 YR 6/4 
 

Light 
Yellowish 

Brown 

10 YR 5/4 
 

Yellowish 

Brown 

 

SiL 
 

1        M       GR 

 
Weak        Medium 
Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

S0 
 

Non- Sticky 

SP 

 
Slightly 
Plastic 

No 

2 SP 29-87 Ck1 

CW 
 

Clear 

Wavy 

10 YR 6/4 
 

Light 

Yellowish 
Brown 

10 YR 3/6 
 

Dark Yellowish 

Brown 

 

SiL 

1        M      SBK 
 

Weak          Medium   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

VFR 
 

Very 

Friable 

S0 
 

Non- Sticky 

MP 
 

Moderately 

Plastic 

No 

3 SP +87 Ck2 
 

— 

10 YR  6/4 
 

Light 

Yellowish 
Brown 

10 YR  4/4 
 

Dark Yellowish 

Brown 

SiL 

2         M     SBK 
 

Moderate     Medium 

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

                * SiL: Silty Loam 
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Appendix (21): Profile description report and morphological characteristics of Lailan 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 17  DRAFT 3/2002 

Series of component Name: 

Lailan 

Map Unit 

Symbol: 

Photo: 17 Classification: 

                            Xeric Haplocalcids 

Soil Moist. Regime (Tax): 

                   Xeric 

Describer(s): 

Mahtab 

Date: 

10/12/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 19ʹ 10ʺ           Datum: GPS 

Longitude: 44º 27ʹ 83ʺ 

Location: 

Lailan 

UTM:      Zone:       mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 17                     Kirkuk-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:         Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

310 m 

Aspect: 

155º SE 

Slope (%): 

2% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Dry 

Permeability: Moderate 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:          Group:              Formation:              Member: 

Erosion: S       Kind:          Degree: 

(Sheet)              0 

Runoff: Surface Frag %:     GR:    CB:    ST:     BD:     CN:     FL: Diagnostic Hor. / Prop.:            Kind:          Depth: 

P.S. Control Section :         Ave. Clay %:        Ave. Rock Frag %: 

Depth Range:                             38.3% 
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Appendix (21) continued… 

Pedon NO. 17 

Lailan 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 

M
o

tt
le

s 

 

O
b

se
r
. 

M
et

h
o

d
 

D
ep

th
 (

cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-7 A 

AS 
 

Abrupt 
Smooth 

 

10 YR 6/4 
 

Light 
Yellowish 

Brown 

10 YR 4/4 
 

Dark Yellowish 

Brown 

 

SiCL 
 

1        CO    GR 
 

Weak        Coarse 

Granular 

SH 
 

Slightly 

Hard 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

2 SP 7-23 Ck1 

CW 
 

Clear 

Wavy 

10 YR 5/3 
 

Brown 

10 YR 3/3 
 

Dark Brown 

 

SiCL 

1        M      SBK 
 

Weak         Medium   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

3 SP 23-60 Ck2 

CW 
 

Clear 

Wavy 

10 YR 5/4 
 

Yellowish 

Brown 

10 YR  3/4 
 

Dark Yellowish 

Brown 

SiC 

2        M      SBK 
 

Moderate     Medium   

Sub-angular Blocky 

H 
 

Hard 

 

FI 
 

Firm 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

4 SP +60 Ck3 
 

— 

10 YR  5/4 
 

Yellowish 
Brown 

10 YR  4/4 
 

Dark Yellowish 
Brown 

SiC 

3       CO    SBK 
 

Strong           Coarse 
Sub-angular Blocky 

H 
 

Hard 

FI 
 

Firm 

MS 
 

Moderately 
Sticky 

VP 
 

Very Plastic 

No 

                * SiCL: Silty Clay Loam, SiL: Silty Clay  
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Appendix (22): Profile description report and morphological characteristics of Qushtapa 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 18  DRAFT 3/2002 

Series of component Name: 

Qushtapa 

Map Unit 

Symbol: 

Photo: 18 Classification: 

                             Xeric haplocalcids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

13/12/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 55ʹ 88ʺ            Datum: GPS 

Longitude: 43º 56ʹ 78ʺ 

Location: 

Qushtapa 

UTM:      Zone:       mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon:18                     Hawler-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:       Interval: 

Landscape: 

Plains 

Landform: 

Plains 

Micro feature: Anthro: Elevation: 

350 m 

Aspect: 

244º W 

Slope (%): 

5% 

Slope 

Complexity: 

Slope Shape:(UP &Dn / Across) 

Hill slope Profile Position: Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. 

Area: 

Drainage: 

Moderate well drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Moist 

Permeability: Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) and corn (CRC) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:        Group:            Formation:                 Member: 

Erosion:  S       Kind:          Degree: 

(Sheet)              0 

Runoff: Surface Frag %:       GR:    CB:    ST:    BD:     CN:     FL: Diagnostic Hor. / Prop.:            Kind:       Depth: 

P.S. Control Section :         Ave. Clay %:        Ave. Rock Frag %: 

Depth Range:                           36.4% 
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Appendix (22) continued… 

Pedon NO. 18 

Qushtapa 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 

M
o

tt
le

s 

 

O
b

se
r
. 

M
et

h
o

d
 

D
ep

th
 (

cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-14 A 

CW 
 

Clear 

Wavy 

10 YR 6/3 
 

Pale Brown 

10 YR 4/3 
 

Brown 

 

SiCL 
 

1        M        GR 

 
Weak          Medium 
Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

2 SP 14-58 Ck1 

CW 
 

Clear 

Wavy 

10 YR 5/4 
 

Yellowish 

Brown 

10 YR 4/4 
 

Dark Yellowish 

Brown 

SiCL 

1       F       SBK 
 

Weak             Fine   

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

MS 
 

Moderately 

Sticky 

VP 
 

Very Plastic 

No 

3 SP +58 Ck2 
 

— 

10 YR  6/4 
 

Light 

Yellowish 
Brown 

10 YR  4/4 
 

Dark Yellowish 

Brown 

SiCL 

2          F     SBK 
 

Moderate          Fine 

Sub-angular Blocky 

SH 
 

Slightly 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

VP 
 

Very Plastic 

No 

                * SiCL: Silty Clay Loam 
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Appendix (23): Profile description report and morphological characteristics of Makhxmoor 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 19  DRAFT 3/2002 

Series of component Name: 

Makhmoor 

Map Unit 

Symbol: 

Photo: 19 Classification: 

                            Xeric Haplogypsids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

13/12/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 35º 47ʹ 75ʺ           Datum: GPS 

Longitude: 43º 36ʹ 08ʺ 

Location: 

Makhmoor 

UTM:      Zone:      mE:         mN: Topo Quad: Site ID:        Yr:        State:         Country:   

Pedon: 19                    Hawler-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:       Interval: 

Landscape: 

 

Landform: Micro feature: Anthro: Elevation: 

303 m 

Aspect: 

245º SW 

Slope (%): 

5% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. Area: Local Physio. Area: 

Drainage: 

Moderate well drained 

Flooding:                       Ponding: 

none                           none 

Soil Moisture Status: 

Moist 

Permeability:  Moderate rapid 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:          Group:          Formation:                 Member: 

Erosion:S         Kind:       Degree: 

(Sheet)              0 

Runoff: Surface Frag %:     GR:    CB:     ST:     BD:     CN:      FL: Diagnostic Hor. / Prop.:              Kind:         Depth: 

P.S. Control Section :        Ave. Clay %:        Ave. Rock Frag %: 

Depth Range:                           13.8%   

 

 

Makhmoor 
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Appendix (23) continued… 

Pedon NO. 19 

Makhmoor 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 

M
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tt
le

s 

 

O
b

se
r
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M
et

h
o

d
 

D
ep

th
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cm
) 

H
o

ri
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n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-23 A 

AS 
 

Abrupt 
Smooth 

 

10 YR 6/4 
 

Light 
Yellowish 

Brown 

10 YR 4/6 
 

Dark Yellowish 

Brown 

 

  L 
 

1          M      GR 

 
Weak           Medium 
Granular 

S 
 

Soft 

VFR 
 

Very 

Friable 

S0 
 

Non- Sticky 

MP 
 

Moderately 

Plastic 

No 

2 SP 23-79 Ck1 

CW 
 

Clear 

Wavy 

10 YR 7/4 
 

Very Pale 

Brown 

10 YR 4/6 
 

Dark Yellowish 

Brown 

 

  L 

1        M      SBK 
 

Weak          Medium   

Sub-angular Blocky 

S 
 

Soft 

VFR 
 

Very 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

3 SP 79-110 Ck2 

AS 
 

Abrupt 

Smooth 
 

10 YR 6/4 
 

Light 

Yellowish 
Brown 

10 YR  4/4 
 

Dark Yellowish 

Brown 

SiL 

2        M      SBK 
 

Moderate     Medium   

Sub-angular Blocky 

H 
 

Hard 

FI 
 

Firm 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

4 SP +110 Ck3 
 

— 

7.5 YR  

6/4 
 

Light Brown 

7.5 YR  4/6 
 

Strong Brown 
 SL 

1          F     SBK 
 

Weak                Fine 
Sub-angular Blocky 

SH 
 

Slightly 
Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

SP 
 

Slightly 
Plastic 

No 

                * L: Loam, SiL: Silty Loam, SL: Sandy Loam 
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Appendix (24): Profile description report and morphological characteristics of Gwer 

USDA-NRCS PEDON DESCRIPTION PEDON ID: 20  DRAFT 3/2002 

Series of component Name: 

Gwer 

Map Unit 

Symbol: 

Photo: 20 Classification: 

Xeric Haplocalcids 

Soil Moist. Regime (Tax): 

Xeric 

Describer(s): 

Mahtab 

Date: 

13/12/2016 

Weather:                Tepm:             Air: 

Sunny                Soil:             Depth: 

Latitude: 36º 02ʹ 02ʺ            Datum: GPS 

Longitude: 43º 29ʹ 65ʺ 

Location: 

Gwer 

UTM:      Zone:      mE:        mN: Topo Quad: Site ID:        Yr:        State:         Country: 

Pedon: 20                                  Hawler-Iraq 

Soil Survey 

Area: 

MLRA / 

LRU: 

Transect:          ID: 

Stop #:      Interval: 

Landscape: Landform: Micro feature: Anthro: Elevation: 

210 m 

Aspect: 

257º W 

Slope (%): 

4% 

Slope 

Complexity: 

Slope Shape: (UP &Dn / Across) 

Hill slope Profile 

Position: 

Geom. Component: Micro relief: Physio. Division: Physio. Province: Physio. Section: State Physio. 

Area: 

Local Physio. Area: 

Drainage: 

Poorly drained 

Flooding:                     Ponding: 

none                           none 

Soil Moisture Status: 

Moist 

Permeability:    very slow 

Ksat: 

Land Cover / Use: 

Wheat ( CCG ) 

Parent Material: 

Colluvium 

Bedrock:         Kind:       Fract:           Hard:          Depth: 

Limestone                  ---- 

Lithostrat. Units:          Group:          Formation:                Member: 

Erosion:  S      Kind:       Degree: 

(Sheet)              0 

Runoff: Surface Frag %:     GR:     CB:     ST:     BD:     CN:     FL: Diagnostic Hor. / Prop.:           Kind:          Depth: 

P.S. Control Section :        Ave. Clay %:       Ave. Rock Frag %: 

Depth Range:                             19.7% 
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Appendix (24) continued… 

Pedon NO. 20                                                                     

Gwer 
Matrix Color 

T
ex

tu
re

  
 

Structure 

 
Grade  Size Type 

Consistence 

M
o

tt
le

s 

 

O
b

se
r
. 

M
et

h
o

d
 

D
ep

th
 (

cm
) 

H
o

ri
zo

n
 

H
o

ri
zo

n
 

B
o

u
n

d
a

ry
 

 

Dry 

 

Moist D
ry

 

M
o

is
t 

Wet 

Stickiness Plasticity 

1 

 
SP 0-14 A 

CW 
 

Clear 

Wavy 

10 YR 5/4 
 

Yellowish 

Brown 

10 YR 4/4 
 

Dark Yellowish 

Brown 

 

 SL 
 

2      CO     SBK 
 

Moderate       Coarse  

Sub-angular Blocky 

H 
 

Hard 

FI 
 

Firm 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

2 SP 14-48 Ck 

CW 
 

Clear 

Wavy 

10 YR 7/3 
 

Very Pale 

Brown 

10 YR 4/4 
 

Dark Yellowish 

Brown 

   L 

2       CO    SBK 
 

Moderate        Coarse  

Sub-angular Blocky 

H 
 

Hard 

FR 
 

Friable 

SS 
 

Slightly Sticky 

MP 
 

Moderately 

Plastic 

No 

                * SL: Sandy Loam, L: Loam 
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