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Abstract
Some soil properties were studied in relation soil aggregate along a climatologically region and
different crop land use in the Northeast of Sulaimani City/Kurdistan Region of Iraq. Five locations
were selected along these regions ranging from semiarid to sub-humid climatologically conditions.
The soil physical, chemical properties, aggregate stability and size distribution were analyzed. A
mean-weight-diameter (MWD) value was determined on 5 soils, which was the sum of the percentage of soil on each sieve (6, 3, 1.5, 0.75, 0.375 and 0.125 mm). The results of the measurements
could evaluated with linear correlation coefficients for the relationships between aggregate stability (MWD) and soil physical and chemical properties of the different crop land use. The correlation coefficient for the relationship between aggregate stability and organic matter was highly
significant (P < 0.0l%) which is in agreement with the findings of [1]. Generally large aggregates
(large 6, 3, 3 - 1.5 mm) were present in highest proportions in the most semiarid of the studied
areas. Aggregates 0.75 - 0.125 mm were positively correlated to fine, very fine sand and silt fractions and to organic matter. Stability of aggregates showed a positive correlation with clay content
and organic matter content, while the carbonate content was strongly correlated with aggregate
stability. The land use history affecting soil overlaps the pattern of climatological situations and
cultivated crop lands and has to be taken into account. Aggregate size distribution and stability
can be used as indicator of soil conservation and productivity.
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1. Introduction

Soil aggregation is defined as the group of soil particles in which the forces held the particles together [2]. The
aggregation is formed by some processes like physical, chemical and biological forces which are mainly responsible for their stabilization [3] [4]. The formation of aggregates are affected by some factors that are involves
wetting and drying, and freezing cycles, All these processes are able to bring soil particles close together that the
physical and chemical forces between them hold the particles [3]. The soil aggregates stability occurs due to the
forcing activating of inorganic and organic materials. The Atterberg limit tests were later adapted by two scientists, [5], to be used as the determination of soil behavior under different conditions. For example, one method of
distinguish between clay and silt is by determining the plasticity of the soil. Plasticity refers to the response of a
soil to changes in moisture content (Coduto, 128). Silt is slightly plastic, while sand and gravel do not exhibit
any plasticity at all and clays can be very plastic. The plasticity index is a measure of the range of moisture contents that encompass the plastic state (Coduto 130) and is the numerical difference between the liquid and plastic
limits. Soil aggregate stability is widely used to measure change in soil structure due to different management
options [6] [7]. The extent of aggregate disintegration by wetting depends on aggregate stability which is related
to organic matter, and clay content [8] [9].
In General, aggregate stability is commonly measured as the percentage of water aggregates with a diameter >2 mm, a parameter which is relatively easy and faster to measure compared with mean weight diameter
(MWD) [10] [11]. Many authors reported, as reviewed by [12], that the soil aggregate stability was controlled
by several soil primary characteristics, such as soil texture, clay mineralogy, contents of organic matter, and calcium carbonate. On the other hand, only few studies present about the relationship between the soil aggregate
stability and environmental factors such as landscapes [13] and vegetation types [14] examined.
For predicting capability of soil for production in a given sites, the evaluation of the soil aggregate stability in
relation to climatology, environmental factors and soil surface coverage would be more suitable parameters
which was recognized as soil physical and chemical properties, since these parameters could be determined
more readily. Thus, the objective of this study was to predicate the relationships between the soil aggregate stability and the soil surface coverage factors, these relationships will predicate the conditions raising the stability
of soil aggregates, which may participate to the increase of efficient soil management to increase the soil aggregate stability.

2. Material and Methods
2.1. Study Area and Soil Samples
The study area is located in the Northeast of the sulaimani Governorate Iraq. Five sites were selected to carry
out this study (Arbat, Bakrajow, Said Sadq, Kani Panka and Anab (Figure 1). These areas were characterized by
a strong climatological gradient and cultivated with different crops from South to north, especially with respect
to the annual rainfall, with a maximum in the southern site, Bakrajow with more than 750 mm and a minimum
to the Northern site of less than 400 mm Anab. This climatologically gradient is also reflected in the soil temperature. Distribution and stability of soil aggregates were determined by using separate wet sieving methods [15].
The percentage by weight of aggregates at each fraction and two indexes, (MWD) Mean Weight Diameter [1].

2.2. Physical and Chemical Analysis of Soil
For the same soil samples, chemical and physical analysis was performed as follow: particle size distribution
was determined after removing the organic matter with H2O2 30%. [16]; pH was measured in the extract of a
soil-solution 1:2.5 in water and salinity was measured in the extract of a soil-water solution 1:5 with a conductivity meter [17]. Total calcium carbonate content was measured according to [18]. Organic matter was measured by wet oxidation (K2 Cr2 O7) [19].

2.3. Soil Consistency Limits
In this experiment, the Casagrande liquid limit device will be used to determine the liquid limit of the soil sample. The liquid limit is found when 25 drops of the liquid limit device are required to close the groove cut
through the sample in a distance of 1/2. The plastic limit is found when the soil sample being rolled breaks at 1/8
in diameter. The moisture content at these limits gives a quantitative measure of these limits. The following eq-
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uations for the mass, liquid limit, plastic limit, moisture content, flow index and plasticity index will be used in
the determination of the Atterberg limits of the soil sample, and to further classify the soil type. Increasing soil
organic matter is vital in terms of improving the soil physical and mechanical properties related to conditions for
root plants and to crop development in arid and semiarid regions. This laboratory study was aimed to assess effects of organic matter on soil consistency limits (liquid limit, LL; plastic limit, PL; plastic index, PI) and soil
compatibility parameters in soils with different textures (clay, silty clay, silty clay loam and clay loam). The
SOC, consistency limits and plasticity index (PI = LL − PL) were measured for the soil taken from the 0 - 30 cm
layer.

2.4. Aggregate Stability
Wet sieving: In this method the Soil is slowly wetted by capillarity for 30 minutes. The wetted immersed in water. The sieves are slowly raised and lowered vertically in the water by mechanical method through a distance of
1.25 inch at a rate of 30 resolutions per minute for 30 minute. The sieves in the nest have an opening from 6.0
mm to 0.125 mm [sizes (6, 3, 0.75, 0.375, and 0.125) mm] Oven dry weight of the fractions of the aggregates
retained on each sieve is determined for knowing the proportionate distribution of the aggregates. The fraction
of soil is retained on each sieve represents the size range viz. the size of the opening of the sieve on which the
fraction of soil is retained and the size of the sieves just above through which is has passed, a wet sieving apparatus (yodder type) [20].

3. Results and Discussion
3.1. Chemical Properties
3.1.1. Effect Organic Matter Content on Aggregate Stability (MWD)
More techniques were used for evaluating soil aggregate stability, like: changes in moisture characteristic,
changes in permeability, and wet-sieving [21]. Wet-sieving method was the most suitable technique. The results
are expressed as a mean-weight-diameter (MWD) value, which is the sum of the percentage of soil on each sieve
multiplied by the mean diameter of adjacent sieves (6.3, 1.5, 0.75, 0.375 and 0.125 mm). The results of the
measurements carried out on 5 soils studied were presented in Table 2, together with linear correlation coefficients for the relationships between aggregate stability (MWD) and the locations of the soil. The correlation
coefficient for the relationship between aggregate stability and organic matter (Table 1, Figure 2) was highly
significant (P < 0.0l%) which is in agreement with the findings of [1].
3.1.2. Effect of (CaCO3, Ca++, Mg++ and Na+) on Aggregate Stability
Figure 3 and Figure 4, show the results of the study, effectiveness of change variance in climatology sites on
chemical properties of the soil and concerned to change in aggregate stability value; in general, significant correlation determination were obtained for the relationships between aggregate stability and (CaCO3, Ca++, Mg++
and Na+). The variation of these properties will be due, in part, to changes in the organic matter levels. Therefore,
it is probable that the significance of these correlations determination is as much as reflection of the organic
matter effect as it is of the effect of these properties. The correlation determination between Na+ and aggregate
stability was not significant (Table 1). Statistical analysis of the data in Bakrajow soil showed that there were
higher concentration of calcium salts than magnesium salts, which is less than the predicted flocculation values,
which is agree with study of the others [22], that higher concentrations of magnesium salt were required for
flocculation.
Effect of cations (Ca, Mg and Na) on aggregate stability from statistical analysis data showed in (Table 1)
that the increase in (Ca and Mg) value caused increasing MWD by range from a low value 1.2 and 0.27 in Anab
site to a high value 1.53 and 0.33 in kani-panka site respectively, that is located in a cool climatologically region
whereas the value of MWD in this sites were 0.97 to 0.80, respectively. And the percent of Na in these sites was
negative effect on aggregate stability with negative significant difference with aggregate stability.

3.2. Physical Properties
Effect Soil Texture on Soil Aggregate Stability
Figure 5 and Figure 6 showed the sand [23], silt [24] and clay fractions [8], [25] have each been cited as soil
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Table 1. Statistic analysis of the parameters studies of some the chemical properties of the soil at differences locations in sulaimani and halabja governorate.
Locations
Bakrajow
Said Sadq
Kani Panka
Arbat
Anab

CaCO3%
%
14a
17a
18a
20a
15a

O.M %
%
1.22 c
1.35bc
1.39 bc
1.51 b
1.7 a

Treatments
Ca2+

Mg2+
Meq L−1
0.35 a
0.36 a
0.33 ab
0.37 a
0.27 b

1.45 ab
1.49 ab
1.53 ab
1.40 b
1.2 c

Na+

MWD

0.55 a
0.44 b
0.58 a
0.40 b
0.42 b

0.53 b
0.64 b
0.80 b
0.87 ab
0.97 a

Table 2. Regression analysis of liquid limit and SOC in different soil texture class.
Locations

Textural classes

Bakrajow

Silty
Clay Loam
Clay
Clay
Clay
Clay

Said Sadq
Kani Panka
Arbat
Anab

Permeability
(cm/hr)
2.1 c
3.2 b
3.5 b
3.7 ab
4.4 a

Treatments
Shear strength
Liquid limit
kpa
6.25 ab
27.79 e
7.10 abc
7.35 abcd
6.75 cd
7.75 d

31.90 d
35.75 c
41.98 b
44.84 a

Plastic limit

Plasticity index

MWD

17.38 ab

10.41 d

0.53 b

19.14 d
20.15 c
21.34 b
23.42 a

12.76 c
15.6 b
20.64 a
21.42 a

0.64 b
0.80 ab
0.87 ab
0.97 a

Figure 1. Some selected physical and chemical properties of the study soil at differences locations in Sulaimani and Halabja Governorate.
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Figure 2. Relationship between aggregate stability (MWD) and organic matter (OM) content for 5 soils.
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Figure 3. Relationship between aggregate stability and Calcium Carbonate, calcium content.

constituents who have a major influence on the stability of soil aggregates. While this is certainly the case in the
studies cited above, the correlation determination calculated between aggregate stability and these three components for the soils examined here are very small ranged in sand (0.84), in silt (0.414) and in clay (0.943) and in
no way approach significance (Figure 5 and Figure 6). Although the textural range of the soils used in this
study was more restricted than in the studies cited above, there are nonetheless substantial variations in the
amounts of sand, silt and clay. Clay percentages range from 38 to 54, silt from 38 to 41 and sand from 8 to 19.
No significant correlation was obtained with sand and silt of the particle size fractions, while significant correlation was obtained with clay content. Tisdall and Oades 1982 [25], proposed an aggregate model depending on
the size of the aggregation, that binding agents vary. Aggregates 2000 mm are held together by a fine network of
roots and hyphae in soils with high contents of organic matter. Kemper and Koch (1966) [26] founded that the
clay and organic matter act as cementing and binding agents in the soil. Seybold and Herrik (2001) [27] work
showed that increase in clay fraction significantly improved water aggregate stability.
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Figure 4. Influence of magnesium and sodium on aggregate stability.
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Figure 5. Corelation determination between Aggregate stability (MWD
mm) and Sand and Silt %.
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Figure 6. Correlation determination between aggregate stability
(MWD mm) and Clay %.

The composition of any soil is an important factor which influences many soil properties, such as shear
strength, liquid limit (LL), plastic limit (PL) permeability etc. Table 2 shows the results of this study with
changes of the properties that affect on aggregate stability (MWD) from the range 6.25 to 7.75, 27.79 to 44.84,
17.38 to 23.42 and 2.1 to 4.4 cm/h as sequenced. This paper examines the effects of treatments inducing the organic matter content on the Atterberg limits of four different soils texture class. The results of regression value
analysis for shear strength, liquid limit, plastic limit, and permeability in different soil texture class (Table 2 and
Figures 1-4) indicated that SOC in clay soil texture class can justify 98.9 percent of the liquid limit variation. So
this traits the most important component of liquid limit.
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