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Abstract

To effectively manage agricultural fields and select suitable methods for field
operations, it is essential to have a basic understanding or access to a database
specific to that area. A field study was conducted in the Abu Ghraib area, west of
Baghdad, Iraq, to map the spatial distribution of soil properties. Forty-seven soil
samples were randomly collected from the area based on land use diversity. The
samples were analyzed in the laboratories of the College of Agricultural Engineering
Sciences at the University of Baghdad. ArcMap 10.8 software was used to map the
spatial distribution of soil properties using the inverse distance weighting method.
The results showed that the soil texture is loamy-silty mixed, followed by silty clay
and clay. There was variation in the distribution of both salinity and pH along the
river channel, ranged 125-136 ds/m and 7.10-9.5 ds/m, respectively. Organic matter
and nitrogen content exhibited the same spatial distribution, based on the nature of
land use, ranging from 5.5 to 11.9 g/kg and from 6.10 to 14.5 mg/kg, respectively.
The abandoned lands exhibited high salinity and alkalinity, along with low organic
matter and nitrogen content. As a recommendation, the soil should be managed
scientifically to overcome its salinity first. Then, it should be planted with salt-
tolerant crops until the land is fully reclaimed and suitable for other crops. Drains
are an effective method for draining groundwater and salts to the main drains if the
problem is related to the nature of the soil and not due to leaving it uncultivated.
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1. Introduction
Understanding the soil's physical and chemical properties is crucial for minimizing soil
erosion, maximizing crop productivity, and maintaining environmental quality [1]. Because
they affect nutrient availability and crop productivity, soil chemical and physical
characteristics, including pH, electrical conductivity (EC), Nitrogen, soil organic matter
(SOM), and texture, are essential for comprehending soil fertility and health [2]. Soil pH is
regarded as the 'master variable' of soil chemistry because of its significant influence on
numerous chemical reactions involving essential plant nutrients [3]. Since they dictate the
ideal nutrient availability and soil chemistry, EC and PH are master variables in agricultural
productivity [4].

Soil pH is a crucial indicator, as it can be used to predict various levels of chemical activity
in the soil likewise it is a helpful instrument for making decisions on the types of plants
suitable for a given area, if soil pH requires to be changed, and the quantity of nutrients that
plants can obtain from the soil [5]. The pH of the soil is one of the primary variables that
affect the availability of readily accessible nutrients [6], indicating the soil's alkalinity or
acidity. The acidity increases as the pH decreases from 7 to 0, and between pH 7 and 14, it
becomes more basic or alkaline [7], [8]. EC of soil affects salinity, which in turn significantly
impacts the soil's EC, ultimately affecting crop development and growth. While ions, or salts,
appear, the mixture's EC improves. In the absence of salts, the low EC indicates that the soil
mixture had weak electrical conductivity. Salts become impacted by various factors, including
irrigation methods, internal soil water drainage, and the amount and timing of rainfall. The
salts. Evaporation extracts water from the soil, and dry conditions effectively concentrate
salts.

As an indicator of the quality and management of farmlands and water resources, EC in
soil and water is highly beneficial [9]. A key element of the ecosystem's nitrogen pool is soil
total nitrogen (STN), and determining the precise amount of STN is crucial for understanding
the mechanisms involved in the global nitrogen cycle [10]. However, due to the economy's
rapid growth, land use patterns have undergone significant changes, particularly the
conversion of natural ecosystems to artificial ones [11,12]. This has a major impact on the
soil's physical and chemical characteristics, including nitrogen [13]. Thus, a thorough
understanding of the distribution of STN content serves as the foundation for measuring soil
nutrients and is crucial for sustainable land-use management. STN content is unevenly
distributed throughout the soil and depends on several variables, such as the parent soil
composition, land use type, and surface vegetation cover. It is challenging to forecast the
distribution of STN content across wide areas, as the conventional method of measuring STN
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content relies on labor-intensive and time-consuming laboratory analysis of soil samples from
the field [14]. The SOM can enhance physical, chemical, and biological soil processes,
encourage the development of soil aggregates, and improve soil absorption and buffering
[15].
Furthermore, the global carbon balance relies on the carbon stored in SOM, a crucial
component of the global carbon cycle [16]. The absence of high-precision geographical
distribution maps of SOM content also affects the accuracy of assessments of soil quality and
the regional carbon cycle [17]. For sustainable agricultural development and the high-quality
management of farmland, accurate and timely mapping of regional SOM content is crucial.
One of the primary elements influencing the spectral features of soil is the amount of SOM
present [18]. Although considerable research has attempted to forecast SOM, creating high-
precision and high-resolution SOM maps remains challenging due to the difficulty in
selecting reliable satellite data sources and prediction algorithms [19].
Soil texture is a crucial physical characteristic of soil that reveals the distribution of the
fundamental soil constituents, including sand, clay, and silt, and can help shed light on how
well it contributes to our understanding of soil characteristics and their spatial variability. The
Inverse Distance Weighting (IDW) is frequently used in soil mapping, particularly in areas
with limited data. The soil, which contains particles of varying sizes, reflects these ratios. The
IDW method was utilized to examine soil texture. This method was used to estimate the
spatial values of soil texture using known sample locations. When evaluating the value, the
closer points will have a greater impact than the farther points [20, 21]. The study's primary
objective is to provide guidance for improved soil management that is compatible with its
current chemical and physical properties, ensuring continued sustainability.
2. Materials and methods
2.1. Study area

The study was conducted in the Abu Ghraib area, situated west of the Iraqi capital,
Baghdad, at a latitude of 33.301143° N to longitude of 44.161589° E and a latitude of
33.285424° N to longitude of 44.130039° E. It has an area of approximately 5 km?, Figure 1.
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2.2. Climate

Iraq is known for its extremely hot summers and mild winters, with maximum
temperatures occurring in June, July, and August of 43-50°C and in January between 1-8°C
[22]. The summers in Baghdad can be extremely hot, with temperatures reaching 45°C. In
contrast, the annual average rainfall of Baghdad is about 154 mm during the winter;
summertime rarely sees rain [23].

2.3. Sampling procedure

Forty-seven samples were taken randomly from the study area based on agricultural
activity and land cover type. A global positioning system was used to locate each sampling
point accurately. Samples were collected at depths of 30 cm (Rootzone that reflects the soil
content of nutrients), then bagged in plastic bags and sent to the Central Laboratory for Soil,
Water, and Plant Analysis at the College of Agriculture, University of Baghdad, for physical
and chemical analysis (Figure 1(C)).

2.4. Laboratory analysis

For laboratory analysis, 2 kg of composite soil samples were collected. The soil samples
were then crushed and sieved through a 2 mm sieve. For the estimated soil pH, 10 g of dry
soil is weighed into a clean glass beaker. 25 mL of distilled water was added in a 1:1.5 ratio;
the mixture was stirred well and left to stand for 30 minutes. The soil pH was measured using
a pH meter [24], and soil samples were classified according to Table (1)[25]. EC was
measured using the 1:5 soil water suspension method and then filtered. The electrodes of the
EC device were immersed in a solution to record the reading [26]. Soil samples were
classified according to [27] Table (2). The soil nitrogen content was estimated using the
Kjeldahl method [28]. Soil organic matter content was calculated using the loss on ignition
method, which measures the loss in mass resulting from the burning of organic matter at high
temperatures [29]. The soil texture was estimated using the Bouyoucos Hydrometer method
[30].

Table 1: Classification of Soil pH[ 25].

Soil pH Classification
<3,5 Ultra acid
3,5-4,4 Extremely acid
4,5-5,0 Very Strongly acid
5,1-5,5 Strongly acid
5,6-6,0 Moderately acid
6,1-6,5 Slightly acid
6,6-7,3 Neutral
7,4-7,8 Slightly alkaline
7,9-8,4 Moderately alkaline
>9,0 Strongly alkaline
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Table 2. Classes of salinity and EC (1 dS/m ; adapted from NRCS Soil Survey Handbook)
[27].

EC (dS/m) Salinity Class
0<2 Non-saline
2<4 Very slightly saline
4<8 Slightly saline
8<16 Moderately saline
>16 Strongly saline

2.6. Data Interpolation using inverse distance weighted (IDW)

The IDW is one of the most popular interpolation methods for spatial distribution analysis
and interpolation [31]. The IDW approach was used to create the spatial distribution of soil
characteristics. The value is calculated as a weighted average of known values in a given
neighborhood. According to the statement, things that are closer together are more connected
than those that are farther apart, even though everything is connected to everything else. The
IDW approach assigns values to unknown points [32] using values from a distributed
collection of known points. The value at the unknown location equals the weighted sum of the
values of the N known points. This method can estimate specific soil characteristics in the
context of soil property investigation.

IDW equation (1):

n
ZX,Y) = (1)
=1gP

Where i is the number of measured sample points within the neighborhood defined; Zi is the
observed value at location 1; di is the distance between the measured location 1 and the
predicted location X, Y; Ai is the distance-dependent weight associated with each sample
point; and p is the power parameter that defines the rate of weight reduction as distance
increases. In this case, Z(X, Y) represents the predicted value at the sample location (X, Y).

2.6.1. Verification of the spatial distribution

The cross-validation method is employed to gauge the accuracy of interpolation methods
by testing them at known sample sites, where the real sample values are compared with the
estimated values to calculate the error difference, thereby evaluating the accuracy of each
interpolation method. This validation process is iterated for each available sample [33]. To
verify the accuracy of the IDW-based maps illustrating the Chemical and physical
characteristics of the soil in Abu Ghraib City, the objective was to compare the field values
with the values predicted by the IDW approach. To assess the discrepancy between the
observed values and IDW-determined values, metrics such as the root mean square error
(RMSE) and R? were computed [34]. The choice of interpolation method depends on the
amount of data available in a research region. To identify the most effective interpolation
technique, various methods were employed to generate maps that depict the chemical and
physical properties of the soil. RMSE, as the primary cross-validation criterion, accounts for
extrema and stationary points, aiding in the evaluation of interpolation accuracy [34]; it could
be computed as follows (2):

1 . .
RMSE :\/ ;Z?zl(ZL — zMi)? (2)
Where n is the number of values utilized for the estimation, m: is the number of selected

parameters in the empirical equation, Z is the estimated value, and Zi is the measured value at
the sampling.
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3. Results and Discussion
3.1. Physical soil properties

The study area exhibited varying soil particle distributions corresponding to distinct soil
texture classes. The maximum, minimum, and average percentages of sand were (46.6%,
6.1%, and 15%), silt (77.2%, 36.1%, and 49%), and clay (53.9%, 2%, and 36%), respectively,
Table (3). This indicates that the silty clay loam class is the most dominant texture, while the
sandy class is the least dominant. Clayey, silty clay, and silty classes were the most common,
with averages of about 19%, 2%, and 17%, respectively. Figures (2, 3, and 4) showed the
spatial distribution of sand, silt, and clay, respectively.

Table 3: Some chemical and physical soil properties of the studied site.

Sampl Easting Northing H EC mN/k OM | Sand | Silt | Clay Soil
Ni) m m P (ds/m) z g/kg % % % Texture
1| 421873768 | 3684859.899 | 8.8 | 80.2 8 | 92 | 1025 | 5631 31'4 SiCL
2| 42195191 | 3684920918 | 8.1 | 772 | 85 | 92 | 10.19 | 56.09 332'7 SiCL
3 | 421874263 | 3684921542 | 79 | 200 | 86 | 93 | 995 | 5691 31'1 SiCL
4 | 42187352 | 3684829077 | 7.6 | 256 | 61 | 7.5 | 15.19 | 45.09 392'7 SiCL
5 | 421770331 | 3684860731 | 7.5 | 85 | 105 | 102 | 12.95 | 47.88 397'1 SiCL
6 | 421718.907 | 3684891969 | 7.1 | 69 | 142 | 113 | 131 | 38.1 | 488 C
7 | 421718411 | 3684830325 | 8 | 102 | 81 | 92 | 139 | 45 | 41.1 | sIC
8 | 421717.915 | 3684768.792 | 8.6 | 35 79 | 85 | 15 | 55 | 30 | sicL
0 | 421641.012 | 3684861773 | 84 | 502 | 62 | 75 | 1925 | 50.73 3%0 SiCL
10 | 421665.901 | 3684738388 | 83 | 408 | 62 | 73 | 18.89 | 51.99 292'1 SiCL
11 | 422054357 | 36847968 | 8.6 | 453 | 73 | 81 | 1925 | 50.73 3%0 SiCL
12| 422002.592 | 3684797216 | 8.5 | 445 | 81 | 92 | 18.89 | 49.1 321'0 SiCL

13 | 421924205 | 3684705484 | 74 | 10 | 113 | 11.6 | 13.01 | 38.19 | 48.8 C
14| 421924295 | 3684705484 | 7.5 | 55 | 114 | 115 | 133 | 382 | 485 C
15 | 421821.105 | 3684737.137 | 7.6 | 46 | 123 | 119 | 139 | 375 | 486 C
16 | 421846492 | 3684675285 | 7.5 | 2.5 | 122 | 117 | 6.89 | 43.05 5%0 Sic
17 | 421743208 | 3684706941 | 85 | 89 | 62 | 7.5 | 1925 | 5075 | 30 | SiCL
18 | 421820.114 | 3684613.961 | 8.6 | 91 | 102 | 108 | 46.62 | 4742 | 596 | SL
19 | 421690.791 | 3684615.002 | 74 | 35 | 119 | 114 | 12.17 | 49.01 3%8 SiCL
20 | 421277.938 | 3684741523 | 79 | 21 | 102 | 105 | 1339 | 3891 | 47.7 C
21 | 421303322 | 368467967 | 77 | 29 | 73 | 8 | 1599 | 37.02 469'9 C
22 | 421226266 | 3684741942 | 75 | 2.1 81 | 89 | 17.09 | 36.1 461'8 C
23 | 42114821 | 3684680927 | 73 | 22 | 113 | 109 | 1025 | 5631 31'4 SiCL
24 | 420993.005 | 3684682.188 | 82 | 19 | 73 | 69 | 1525|5131 31'4 SiCL
25 | 420837.048 | 3684591.097 | 88 | 89 | 91 | 94 | 1525|5831 23'4 SiL
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26 420423.288 | 3684594.477 | 8.8 33.2 6.7 5.8 19.2 74.9 5.9 SiL.
27 420163.883 | 3684504.244 | 8.9 40.2 6.6 5.9 46.6 514 SiL.
28 419931.118 | 3684506.159 | 9.1 130 6.5 6.1 20.4 56.5 | 23.1 SiL
29 419695.807 | 3684200.082 | 9.3 133 7.3 6.7 15.16 | 65.74 | 19.1 SiL
30 419591.089 | 3684046.938 | 9.5 136 6.1 5.5 6.1 772 | 16.7 SiL
31 419563.929 | 3683893.154 | 9.1 125 7.2 6.5 15.06 | 65.84 | 19.1 SiL.
32 420029.236 | 3683858.49 8 2.5 7.7 6.9 6.99 | 40.01 53 SiC
33 420339.328 | 3683825.23 7.6 1.9 12.1 10.4 7.09 | 39.02 238 C
34 420701.693 | 3683852979 | 7.4 2.1 14.5 11.5 8.8 389 | 523 C
35 420935.977 | 3684035903 | 7.5 3.9 11.9 10.7 9 39 52 C
36 421248.154 | 3684248914 | 7.5 1.9 109 | 10.14 | 10.25 | 56.35 | 334 SiCL
37 421273.197 | 3684156.35 7.9 9.9 6.5 7.4 10.09 | 56.4 333 SiCL
38 421298.333 | 3684063.786 | 7.3 4.6 12.3 11.9 | 10.05 | 53.29 36.6 SiCL
39 421504.975 | 3684031.291 | 7.2 4.2 13.1 11.1 9.98 50 40.0 SiC
40 421533.844 | 3684400.612 | 7.5 6.5 11.8 10.7 7.75 | 43.13 49.1 SiC
41 421584.369 | 3684246.195 | 7.7 2.9 11.1 10.9 7.99 441 47.9 SiC
42 421686.075 | 3684029.83 7.6 3 11.9 11.2 8.8 44.2 47 SiC
43 421662.673 | 3684338.035 | 7.5 4.5 9.5 9.7 9 441 46.9 SiC
44 421974.731 | 3684551.07 8.1 2.1 7.7 6.9 19.2 47 33.8 SiCL
45 422000.12 | 3684489.329 | 7.1 2.3 6.6 7.8 19.6 46.2 | 34.2 SiCL
46 422127.469 | 3684241.828 | 7.5 6.5 12.5 11.7 7.79 | 4591 | 46.3 SiC
47 | 422178251 | 3684118236 | 7.9 | 15 6.1 7 | 1921 |s602 | 247 | sip
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The pH value of the soil under different land-use systems ranged from 7.10-9.5, with an
average value of 8.0. Based on the [USDA Natural Resources (2011)[25], Table (1), the study
area was classified as natural-slightly alkaline to strongly alkaline. The higher values were
found on the western side of the study area (bare soil that has not been agriculturally
exploited), while the lower values were found on the eastern side. The uneven distribution or
trend is due to capillary action in arid and semi-arid climates, where salts are raised to the top
of the soil surface with the evaporated water, along with the soil solution that contains various
compounds (CaCO3 and NaHCO3). The rest of the study area is cultivated entirely, which
involves breaking the capillary action, while the plants reduce the effect of high temperature.
Being close to the river leads to more frequent groundwater discharge. Rainfall or flooding
washes soluble salts (Na* and COs*") from the soil into the river, which diminishes alkalinity
[37]. The electrical conductivity value ranged from 1.90 to 136 dS/m, with an average value
of 25 dS/m. Based on [27] Table (2), the study area was classified as non-saline to strongly
saline. The higher values were found on the western side of the study area (bare soil that has
not been agriculturally exploited), while the lower values were found on the eastern side.
This is due to the movement of rainfall or irrigation water via groundwater toward the
drainage area, which is the river. This movement can take the soluble salts from the soil to the
river, so the closer to the river, the more drained the area, and vice versa [38].

The nitrogen content varied between 6.10 and 14.5 mg/kg, with an average of 9 mg/kg.

The southeastern zone has the highest nitrogen levels, while the northwestern zone has the
lowest values Figure (7). The spatial variation in organic matter content was similar to that of
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nitrogen, where the organic matter content varied between 5.5 and 11.9 g/kg, with an average
of 9 g/kg. The southeastern zone has the highest nitrogen levels, while the northwestern zone
has the lowest values (Figure 8). Noticing that the cultivated areas with any plant cover
showed a higher amount of nitrogen and organic matter than bare or saline areas. This is
attributed to the biological, physical, and chemical processes driven by the vegetation cover
[39]. Plant cover continuously adds organic material to the root zone, providing a continuous
source of nutrients. Plant root exudates comprise sugars, amino acids, and other compounds,
which serve as a rich source of food for soil microorganisms. The dead plant’s fine roots and
leaves decompose frequently, which in turn adds organic material directly to the soil. In
contrast, bare or saline soils lack plant cover due to osmotic stress, drastically reducing the
input of plant debris materials [40].
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Figure 7: Spatial distribution of soil nitrogen . Figure 8: Spatial distribution of soil organic
matter.

4. Conclusion
Based on soil test results, the majority of the study area is composed of silty clay loam

(SiCL), followed by clay (C) and Silty Clay (SiC). Silty clay loam is optimal for holding
water content, while the other requires systematic irrigation. Soil organic matter level between
5.5 and 11.9 g/kg with higher nitrogen content. A plant cover and rotation system are the most
effective strategies for enriching the soil with organic matter [41]. Soil salinity was at 125-136
ds/m at high soil reaction (pH> 9.0), indicating potential sodicity risks. Recommending a
sodium absorption ratio (SAR) test, where diagnosing the salt type can support using the
optimal method for agricultural land reclamation. Also, installing subsurface drainage (tile
drains) is essential to prevent waterlogging [42]. Deep tillage (subsoiling) is required once
every 2 or 3 years in cases where compacted layers are present; breaking this hard layer can
enhance the plant's root penetration [43]. Some crops are tolerant of heavy soils (Silty Clay or
Clay), such as wheat, oats, sorghum, or rice. Additionally, shallow-rooted crops should not be
planted in compacted soils; instead, it is recommended to plant deep-rooted types, such as
alfalfa, to enhance the soil biology zone [44]. Continuous soil cultivation can reduce soil
nutrient content after a few years, so a crop rotation procedure is recommended to replenish
the soil with nutrients, organic matter, and soil microorganisms. Including legumes in the crop
rotation will increase the soil's nitrogen levels. Barley crop in the crop rotation can overcome
soil salinity issues, where barley is a tolerant crop for hard salinity and salty soils.
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