


Spatial Variability of Pedological Properties of Kirkuk Governorate Soils and the Impact of Agricultural Utilization	Comment by Luma: Spatial Variability of Soil Properties under Different Land-Use Systems in Kirkuk Governorate, Iraq.


Abstract	Comment by Luma: It is recommended to strengthen the abstract by including selected key quantitative results that reflect the magnitude of differences between sites and agricultural systems, in order to enhance precision, objectivity, and the overall scientific strength of the abstract.
  Soil properties in agriculture and non-agriculture utilizing systems behaviour has undertaken study about spatial variability in Kirkuk Governorate (Al-Riyadh sub-district and Al-Debs district) by pedological methods. Two pedons were selected from each site for study. We collected samples from surface and subsurface horizons and studied their morphological characteristics (color, thickness of the horizons, texture, structure, gravel content and distribution of roots).
To assess the physical, chemical, and biological characteristics of soils, laboratory analyses were made of bulk density, organic matter, carbonates, pH, EC, CEC, iron oxides, available N, and P, and population of bacteria and fungi.
The results indicated a distinct spatial variability in the biological properties among the sites, as well as between cultivated and uncultivated soils.  The microbial activity of the surface horizons, which are rich in organic matter, nitrogen and available phosphorus, was significantly larger than in the subsurface horizons. Microorganism density was relatively higher in cultivated soils compared to uncultivated soils. Similarly, higher density was reported in surface horizons due to tillage and fertilization. The biological activity decreased in the depth of horizons due to the rise in carbonate content and clay content.
In terms of site differences, the soils of Al-Debs district were found to be more fertile and biologically active than those of Al-Riyadh sub-district due to higher rainfall that enhanced vegetative growth and decomposed organic matter. On the other hand, the dry conditions of Al-Riyadh reduced the activity of the micro-organisms.
The variation observed in the spatial soil biological activity was closely related to the natural fertility of the soils and reflected the influence of climatic factors and agricultural management systems. Overall, soil management is essential for sustainable crop production and soil health to enhance long term use..
Keywords: Spatial variability, Kirkuk Governorate, soils, agricultural utilization. 





1-  Introduction
Soil is the most important source of life on Earth. It is the medium in which plants grow, the source of nutrients and water, and the home of an enormous number of microorganisms, which recycle nutrients and maintain ecological balance. Soil is recognized not to be an inert medium but is rather a dynamic system that undergoes continuous interaction with climatic, geomorphological, biological, and man-made factors.	Comment by Luma: The paragraph is too general and tends to be descriptive in nature. It is preferable to shorten it and focus more directly on the importance of soil in arid environments or within the context of spatial variability, in order to make the introduction more specialized and academically rigorous.

Soils in dry lands and semi-dry lands like Iraq suffer from numerous environmental stresses due to the local climate. The low rainfall, high evaporation, and low organic matter accumulation have rendered the soils vulnerable to degradation. Moreover, their physical and chemical properties vary spatially and temporally [1].	Comment by Luma: The paragraph is scientifically sound; however, it could be strengthened by adding a recent reference (post-2020) to support the discussion of soil degradation in semi-arid environments, particularly in relation to climate change or rainfall variability.
Kirkuk Governorate is one of the most important agricultural regions of Northern Iraq due to its varied topography of alluvial plains, low hills, and riverine areas, and its semi-arid climate with an annual rainfall amounting between 300-450 mm and clear variability in distribution. These climate and landform features of Kirkuk along with the intensive agricultural activities in reality make the soils of the region an ideal model for studying the spatial variability in pedological characteristics and their response to agricultural exploitation [2].
Soil properties are significantly affected by agricultural land-use practices, which involve continuous tillage and crop cultivation, such as maize, wheat, and barley, as well as the application of both chemical and organic fertilizer. Though agronomic practices can enhance soil fertility and add organic matter, their misuse such as excessive use of fertilizer, deep ploughing leads to loss of soil structure, more compaction, increased salinity and lower Cation Exchange Capacity. On the other hand, the non cultivated soils may show some of their characteristics, yet they are still prone to wind and surface run off erosion [3].	Comment by Luma: The paragraph is good; however, it needs a recent reference to support the impact of deep tillage and excessive fertilization on CEC, salinity, and soil compaction, as these are scientifically sensitive points.

The difference in soil properties is spatially variable so that it impacts the productivity of land even at a small scale. Soil texture, permeability, and water-holding capacity are affected by the relative proportions of sand, silt, and clay.  Likewise, differences in calcium carbonate, organic matter, total iron oxides and cation exchange capacity cause fundamental differences in the agricultural production potential of soils. Soil nature is reflected through its chemical properties like pH and electrical conductivity (EC). In addition, chemical properties expose the soil to salinity or alkalinity problems. Moreover, biological activity is a key indicator of soil health [4].
The understanding of variability in Kirkuk environment can provide groundwork for sustainable soil management and optimal agricultural utilization. It also aids in identifying constraints that could affect soil productivity. Previous studies on Iraqi soils, particularly at the northern region, showed variation between soils for nutrients content and physical analysis, but no study links this variation to agricultural and non-agricultural land use.
This study seeks to investigate the spatial variation in the soils of Kirkuk Governorate, cultivated and non-cultivated soils, the degree of variation in their morphological, physical, chemical, and biological characteristics.	Comment by Luma: It is preferable to formulate the objective in a more precise and methodological manner, such as :
“This study aims to quantitatively assess
It would also be useful to specify whether a particular statistical analysis or standardized comparison will be employed.

2-  Materials and Methods
   Preparation and Preliminary Survey
The first step consisted of looking into reference data like earlier studies, Iraq physiographic maps, topographic and geological maps, which gave an overall background about the physiographic relationships between soils the effect this unit has on soil formation and development. Based on this data, the study sites were selected which is Kirkuk Governorate Settlement (Al-Riyadh sub-district) and Al-Debs district (Fig. 1).	
[image: C:\Users\hp\Desktop\نشمي.jpg]
Figure (1). Location map of soil pedons at the study sites. 
Field Work and On-site Investigations
On June 11, 2025, multiple reconnaissance surveys and exploratory field trips were undertaken in the study area to assess and ascertain the characteristics of various physiographic units, as well as their impact on soil formation variability and veg. cover distribution. There were four selected pedons representing two pedons for each of the physiographic units.:
First Site
The Kirkuk Governorate site was selected for the first site (Al-Riyadh sub-district and a 30 km distance from the Kirkuk city center) in Al-Tarfawi village. Two important soil profiles were recognized for the soils of the study area. P1 is uncultivated (fallow) land and P2 is previously wheat cultivated land which is cultivated now..
Second Site
The second site was chosen within a different physiographic unit at Al-Dibs district nearby the Lesser Zab River. Also, two pedons were identified (Figure (1)). Soil samples taken from each horizon were for investigation. Pedon three (P3) soil was uncultivated (fallow), while pedon four (P4) was cultivated soil planted with wheat earlier..
Field Investigations and Soil Profile Excavation
Selection and Excavation of Pedons
At each study site, two pedons were excavated. The pedons were sized as per standard size 1.5 m width × 2–2.5 m length × 1 m depth after [5]. To allow the identification of morphological traits, chiefly the recognition of soil colour in dry and moist state due to difficulty in colour assessment under shade, the excavation orientation was set from width to sunshine..
Morphological Description of Soil Pedons
Soils from each physiographic unit were excavated and diagnostic horizons were separated in both surface and subsurface region. As per the standard morphological description form, morphological descriptions of profiles were done with designated horizons, horizon thickness, color of dry and moist, textural class, structure, consistence of dry and moist, root distribution and boundary of horizon. Morphological features were noted as per the soil. [6].




Soil Sampling
Both disturbed and undisturbed soil samples were collected from each horizon of all pedons, in addition to surface soil samples. Samples were transported to the laboratory, air-dried, gently crushed with a wooden hammer, sieved through a 2 mm mesh, and stored in sealed containers to preserve their physical and chemical integrity for laboratory analyses.
Laboratory Work
Physical Properties
Particle Size Distribution
The percentage of sand, silt, and clay fractions was determined using the hydrometer method as described by [7].
Bulk Density
Bulk density was determined using the paraffin wax clod method following [7]. Soil clods were coated with wax, and the displaced water volume was used to calculate bulk density.
Total Porosity
Total soil porosity was calculated based on the relationship between bulk and particle density according to [7]:
  F = (1-Pb/ ps)×100……………………………………………(4)  :
f : total porosity (%)
Pb : bulk density (Mg m⁻³)
Ps : particle density, assumed to be 2.65 Mg m⁻³
Chemical Properties
Soil Reaction (pH)
Soil pH was measured in a 1:1 soil-to-water suspension using a pH meter, following [8].
Electrical Conductivity (EC)
Electrical conductivity was determined in a 1:1 soil-to-water extract using an EC meter, according to [8].
Organic Matter
Organic matter content was estimated by the wet digestion method following [9].
Cation Exchange Capacity (CEC)
CEC was determined using ammonium acetate and sodium acetate extraction methods, as described by [10].
Total Calcium Carbonate (CaCO₃)
Total CaCO₃ content was estimated by titration with NaOH (N/1) in the presence of phenolphthalein indicator, following [10].
Total Iron Oxides
Total Fe oxides were determined using Atomic Absorption Spectrophotometry (AAS) at a wavelength of 882 nm, according to [11].
Soil Fertility Properties
Available Nitrogen
Available nitrogen was determined by extracting the soil with 2M KCl solution, followed by determination using the Kjeldahl method, as described by [12].
Available Phosphorus
Available phosphorus was extracted using 0.5 N NaHCO₃ at pH 8.5, following Olsen . The blue color was developed using ammonium molybdate and ascorbic acid, and absorbance was measured with a spectrophotometer at 882 nm as described by [10] 
Microbiological Analyses
The plate count method was used to estimate the density of soil microorganisms (bacteria and fungi). Specific nutrient media were sterilized in an autoclave at 120°C for 15 minutes under 2 bar pressure, poured at 25°C, and inoculated under a laminar flow hood.
A 1 g air-dried soil sample was used to prepare serial dilutions. Plates were incubated at 28°C for 5 days for fungi and at 38°C for bacteria.
· Total Bacteria: Determined using the Nutrient Agar medium, following [13].
· Total Fungi: Determined using the Potato Dextrose Agar (PDA) medium, following [13].




3- Results and Discussion
Morphological Characteristics
    The morphological characterization of the soil pedons reveals that the Ap horizons in all studied pedons (Table 1) had light brown colours which signify the presence of organic matter and biological activity. On the other hand, the subsurface horizons (Bt and Ck) exhibited darker brown hues due to the accumulation of clay and colloidal materials and the downward translocation of soluble substances. The colors of the lower horizons (Ck₂) shifted towards more greyish brown due to low organic matter content and the increasing accumulations of carbonate. All this indicates that the processes of eluviation and illuviation were well developed here.
The soil was made up of clay, clay loam, silty clay, and silty clay loam. The presence of finer textures in the subsurface horizons suggests that clay particles have moved downwards and accumulated from above. Due to the impact of tillage operations and water movement, we do see the redistribution of silt and clay fractions in cultivated soil, resulting in relatively finer textured soil.
The surface horizons have a moderate to well-developed granular structure that indicates vigorous biological activity and root development.
 On the other hand, the subsurface horizons showed the presence of a weak to firm blocky structure due to the influence of calcium carbonate as well as clay. This means that the structure of the cultivated layer was better as compared to the uncultivated soil.
The surface soils were friable to loose in texture and therefore were culturable. Soil hardness gradually increased down the profile to very hard in the Ck₂ horizons, due to the accumulation of carbonate and clay and the consequent reduced permeability.
The root distribution in the surface horizons was good to moderate, which is due to better aeration and increased organic matter content. However, the root distribution decreased with depth due to hardness and the increased carbonate content. Thus, the effective rooting depth is limited to approximately 40–60 cm depth.
There was generally lower gravel and coarse fragments in the upper horizons, whereas it is moderate in the deeper layers that restrict roots and water. The surface horizons contained few features of calcium carbonate. The Btk and Ck horizons, on the other hand, had strong accumulation and cementation of calcium carbonate. The sedimentary rocks are resultant from deposition of sediments in water bodies and are compacted.
Based on the morphological dominance, it can be inferred that all pedons exhibited distinct morphological maturity and well-defined horizon development. The agricultural use of soil has helped to enhance soil structure and root density in the surface layers. Despite the presence of minor limitations, the primary constraint is observed in the subsurface layers. Here, the accumulation of carbonates and clay restricts the movement of roots and nutrient, particularly phosphorus, making it a suitable soil for shallow- to moderately deep-rooting crops.

	Pedon No.
	Location
	Horizon
	Depth (cm)
	Color
	Consistence
	Texture
	Structure
	Roots
	Gravel/Stones
	Lime Features

	P1
	

Al-Riyadh Sub-district – Uncultivated Soil
	Ap
	0–20
	Light brown
	Friable
	Clay Loam
	Moderate granular
	Few
	Few
	Slight lime

	
	
	Btk
	20–45
	Dark brown
	Slightly hard
	Clay
	Weak blocky
	Few
	Moderate
	Carbonate accumulation

	
	
	Ck₁
	45–80
	Dark brown
	Hard
	Clay
	Firm blocky
	Very few
	Moderate
	Clear lime

	
	
	Ck₂
	80–120
	Grayish brown
	Very hard
	Clay Loam
	Firm blocky
	Very few
	Moderate
	Strong lime accumulation

	P2
	

Al-Riyadh Sub-district – Cultivated Soil
	Ap
	0–22
	Light brown
	Loose
	Clay Loam
	Moderate granular
	Moderate
	Few
	Slight lime

	
	
	Bt
	22–50
	Medium brown
	Slightly hard
	Silty Clay
	Weak blocky
	Few
	Moderate
	Carbonate accumulation

	
	
	Ck₁
	50–85
	Dark brown
	Hard
	Silty Clay
	Firm blocky
	Very few
	Moderate
	Clear lime

	
	
	Ck₂
	85–120
	Grayish brown
	Very hard
	Clay Loam
	Firm blocky
	Very few
	Moderate
	Strong lime accumulation

	P3
	
Al-Dibs District – Uncultivated Soil
	Ap
	0–18
	Light brown
	Loose
	Clay
	Moderate granular
	Good
	Few
	Slight lime

	
	
	Bt
	18–40
	Medium brown
	Slightly hard
	Clay
	Weak blocky
	Moderate
	Moderate
	Carbonate accumulation

	
	
	Ck₁
	40–75
	Dark brown
	Hard
	Clay Loam
	Firm blocky
	Weak
	Moderate
	Clear lime

	
	
	Ck₂
	75–110
	Grayish brown
	Very hard
	Clay
	Firm blocky
	Very weak
	Moderate
	Strong lime accumulation

	P4
	

Al-Dibs District – Cultivated Soil
	Ap
	0–20
	Light brown
	Loose
	Silty Clay Loam
	Well granular
	Good
	Few
	Slight lime

	
	
	Bt
	20–45
	Medium brown
	Slightly hard
	Silty Clay Loam
	Weak blocky
	Moderate
	Moderate
	Carbonate accumulation

	
	
	Ck₁
	45–80
	Dark brown
	Hard
	Clay Loam
	Firm blocky
	Weak
	Moderate
	Clear lime

	
	
	Ck₂
	80–120
	Grayish brown
	Very hard
	Clay Loam
	Firm blocky
	Very weak
	Moderate
	Strong lime accumulation


Table (1). Morphological characteristics of the studied soil pedons 


Physical Properties
According to result shown in Table (2), the soils under study showed clear variation in particle size distribution of the three separates (sand, silt and clay) in different horizons. Furthermore, clay was the dominant fraction for the most pedon, silt was 2nd and sand was the 3rd.
The clay content in Pedon P1 (Riyadh area - uncultivated soil) ranged from 360 g kg⁻¹ in the surface horizon (A) to 440 g kg⁻¹ in the subsurface horizon (Btk), and then decreased downwards in the deeper horizons Ck1 and Ck2 (430–390 g kg⁻¹). The pedogenic clay translocation processes that take place in well-developed soils are in evidence. These soils are typically found where moderate to high rainfall causes a clay eluviation from the surface horizon and an illeviation into the subsurface horizon. The findings are in line with the results of [2].
The silt content in the soils under study varied from 320 to 360 g kg⁻¹. The lowest silt content was recorded in the Btk horizon. Therefore, it can be inferred that silt particles have been disturbed and their positions changed due to compaction and rise and fall of soil water. The range of sand content was between 220–280 g kg⁻¹. The maximum was in the surface horizon. This is because sand particles are less soluble than silt or clay. Because of that, their downward translocation by water is not high.
The soil of Pedon P2 (cultivated soil of Riyadh area) had clay contents in the range of 360 - 380 g kg⁻¹ that increased slightly in the middle horizons. Silt content varied from 390 to 420 g kg⁻¹ while sand from 200 to 240 g kg⁻¹. The outcome indicates that agricultural operations like tillage and cropping caused partial mixing of soils with moderate values of clay and silt. When soil compaction and porosity problems are improved, it is better than non-cultivated soil.
In pedons (P3 and P4) of the Dibs district, the middle and lower horizons were dominated by clay with a value 340–400 g kg⁻¹. Silt values ranged between 350–390 g kg⁻¹ and sand ranged between 240–320 g kg⁻¹. The results indicate the uncultivated soils of the area with constant particle size distribution with depth which indicates pedogenetic stabilization and mechanical disturbance. Surface horizons (0-20 cm) recorded higher sand and silt contents, possibly due to aeolian erosion and surface runoff dispersing the lighter fractions. 
As per Table (2) results, in all pedons and locations, it was observed that bulk density gradually increased with depth, having an inverse relationship with total porosity. An uncultivated soil (Pedon P1) of the Riyadh area, the bulk density values increased from 1.32 Mg m -3 in the surface horizon (A) to 1.48 in Btk, 1.55 in Ck1 and 1.60 Mg m -3 in Ck2. The finding of the research shows that higher concentrations of fine clay particulates and complexes of calcium clay is seen with depth as pores get blocked. This reduces the porosity from 50.19% at the surface to 39.62% when deeper.
In cultivated soil or Pedon P2, the bulk density increased from 1.36 Mg m−³ in the Ap horizon to 1.62 Mg m−³ in Ck2 similarly. Bulk density is value of soil. Soil under cultivation exhibits relatively lower bulk density in the surface layer owing to tillage and agricultural practices. This ensures better aeration and water movement in the soil. In the deeper horizons, the value is quite high perhaps due to the accumulation of clay by means of pedogenic translocation processes.
The Dibs pedons (P3 and P4) had slightly higher values of bulk density compared to that from Riyadh (1.38–1.42 Mg m⁻³ in the surface layer; 1.60–1.63 Mg m⁻³ in the deeper layers). Soils here seem to be more clayey and possibly more developed, lower in silt and with stronger particle aggregation. These soils appear to have lower porosity which is a critical factor affecting water movement, aeration, and root invasion.
The reason for higher bulk density and less porosity in the lower layers is due to less organic matter and more calcium carbonate which blocks the soil porosity and cementation takes place which increases the binding of particles and compaction. This observation agrees with the findings from [14].
In the same way, the increase in bulk density with depth is due to the change in composition of binding materials, which affect the density and total porosity [2]. The variation in bulk density values of horizons could be due to the difference in the depositional nature of sand, silt and clay in the studied area.
As shown in Table (2), the total porosity steadily reduced with depth in all pedons and sites.  In the surface horizon (A) of Pedon P1 (uncultivated soil, Riyadh area), porosity was 50.19% and decreased to 44.15% in Btk, 41.51% in Ck1 and 39.62% in Ck2. The downward trend is due to the heavy clay texture of the soil, which increases compaction and reduces pore spaces, aeration, and water movement.
In the case of pedon P2 (cultivated soil), a similar trend was observed with porosity value 48.68% for Ap and14038.87%  for Ck2. The soil was subjected to tillage and mixing for agricultural use, which helped to maintain slightly higher porosity or void ratio in the surface layer as compared to soils that were not tilled. This helps in allowing water and oxygen to percolate to the plant roots more easily.	Comment by Luma: There is a numerical error in the reported porosity value (14038.87%), which requires correction
In the district, the total porosity decreased with depth in the Dibs pedon (P3 and P4), it ranged from 46.42–47.92% in surface horizons to 38.5–39.6% in deeper horizons. According to the findings presented in Table (3), both study sites exhibit a high calcium carbonate content that tends to increase bulk density and reduce total porosity relative to horizons exhibiting less CaCO₃.
 According to [15] it is reported that the precipitation of calcium carbonate in the pores of soil blocks soil pores and reduces the total porosity. The findings of the study indicate that total porosity values of cultivated were higher than uncultivated soils at the sites. This may be due to the higher organic matter content of cultivated soils and the loosening effect of tillage, which lowers the bulk density and increases porosity. In contrast, the reduction in organic matter with depth is responsible for the increased bulk density and lower porosity, as mentioned by [1]. 
	Pedon No.
	Location
	Horizon
	Depth (cm)
	Sand (%)
	Silt (%)
	Clay (%)
	Texture
	Bulk Density (Mg m⁻³)
	Total Porosity (%)

	P1
	

Riyadh District – Uncultivated Soil

	A
	0–20
	280
	360
	360
	Clay Loam
	1.32
	50.19

	
	
	Btk
	20–45
	220
	340
	440
	Clay
	1.48
	44.15

	
	
	Ck1
	45–80
	250
	320
	430
	Clay
	1.55
	41.51

	
	
	Ck2
	80–120
	270
	340
	390
	Clay Loam
	1.60
	39.62

	P2
	

Riyadh District – Cultivated Soil

	Ap
	0–22
	240
	400
	360
	Clay Loam
	1.36
	48.68

	
	
	Bt
	22–50
	200
	420
	380
	Clay Loam
	1.50
	43.4

	
	
	Ck1
	50–85
	210
	410
	380
	Clay Loam
	1.57
	40.75

	
	
	Ck2
	85–120
	230
	390
	380
	Clay Loam
	1.62
	38.87

	P3
	Dibis District – Uncultivated Soil

	A
	0–18
	320
	340
	340
	Clay Loam
	1.42
	46.42

	
	
	Bt
	18–40
	240
	360
	400
	Clay
	1.55
	41.51

	
	
	Ck1
	40–75
	300
	390
	310
	Clay Loam
	1.60
	39.62

	
	
	Ck2
	75–110
	290
	350
	360
	Clay Loam
	1.63
	38.49

	P4
	Dibis District – Uncultivated Soil
	Ap
	0–20
	298
	380
	322
	Clay Loam
	1.38
	47.92

	
	
	Bt
	20–45
	271
	388
	341
	Clay Loam
	1.50
	43.4

	
	
	Ck1
	45–80
	281
	347
	372
	Clay Loam
	1.56
	41.13

	
	
	Ck2
	80–120
	281
	329
	390
	Clay Loam
	1.60
	39.62



Table (2). Some Physical Properties of the Studied Pedons




Chemical Properties
    As shown in the table 3, chemical property results showed the studied pedons’ pH value ranged from 7.32 to 8.11 indicating that the soil is neutral to slightly alkaline in nature. The accumulation of calcium carbonate in the subsurface horizons increased as the impact of organic acids resulting from the decay of organic matter reduced. The EC (Electrical Conductivity) values recorded ranged from 0.18 to 1.58 dS/m. The greater impact caused on this parameter was shown by surface horizons under agricultural use, suggesting that this layer contained accumulated soluble salts as a result of fertilization or irrigation. The leaching processes and salt translocation reflect in the deeper horizons' higher EC values.
The organic matter content was mainly concentrated in surface horizons (7.19-20.86 g/kg) and its amount gradually decreased with depth due to lower organic inputs and microbial activity. Calcium carbonate content rose in the more profound layers (192–324 g/kg), which precipitated the respective rise in pH values. The total iron oxides were maximum in the surface horizons 2.71-6.85 g/kg and decreased with depth. According to the results obtained, the cation exchange capacity (CEC) was estimated within the interval of 9 and 23.6 cmol/kg. Besides, the concentration was higher in the surface horizons because of the higher content of clay. In addition, organic matter enhances cation exchange capacity, thus, higher concentration of organic matter in the surface horizons results in higher CEC. As we go deeper in soil profile the CEC of soils decreases due to reduction in clay and organic matter contents.
The examination that is integrated switches and investigates the physical and chemical property of the studied soil was affected markedly by the soil depth and agricultural exploitation. This highlights the equilibrium between soil creation processes, microbial activity, and the buildup or loss of organic substance and exchangeable minerals, all of which determine soil fertility and sustainable agricultural production potential [16].
As shown in table (3), soil of Dibis and soil of Riyadh areas differ considerably in having variations in there chemical properties. Such variations may be due to atmospheric conditions especially rainfall as well as land use. The calcium carbonate figures for the soil samples from Dibis, where rainfall is relatively higher, were slightly lower (192 to 292 g/kg) than those from Riyadh (210 to 324 g/kg). Due to increased moisture and rainfall, leaching processes are accelerated which causes carbonate to dissolve and move downwards into deeper horizons, which reduces carbonate accumulation in the surface horizons. Conversely, in the drier areas of Riyadh, calcium carbonate is more concentrated in the subsurface horizons as a result of lower leaching and a higher rate of evaporation. 
Dibis soils contained more organic matter (9.26–20.86 g/kg) than Riyadh (7.19–18.53 g/kg). The rainfall in Dibis is higher than that of other stations in the region which enhances natural vegetation growth and organic residues. On top of that, increased moisture enhances microbial activity that aids in decomposition and enrichment of soil. In Riyadh, lesser vegetation cover and weaker biological decomposition led to lower organic matter accumulation.
Soil pH range in both sites varied from neutral to slight alkaline (7.3–8.1). Riyadh, however, had slightly higher pH values, especially in subsurface horizons (up to 8.04), than in Dibis (8.02–8.11). The different carbonate contents in Riyadh reflect an accumulation of carbonate and dissolution in soil alkalinity. In Dibis, the soils were found to be neutral to moderately alkaline, as a result of higher rainfall. The rainfall which is accompanied by organic acids that result from decomposed organic matter generally moderate the pH of the soils. Similarly, electrical conductivity (EC) of soils shows how much is the soil saline. The EC value of soils in Dibis 0.18-0.71 dS/m was lower than that of Riyadh 0.23-1.58 dS/m.
 Increasing EC values in soil, especially in the deep layers (Ck2), is due to increased salt accumulation in the upper layers of Riyadh soils. This is due to low rain and high evaporation rates in that region. These conditions appear to favour salt leaching in Dibis, which has more rain as compared to Riyadh.
Dibis had a higher cation exchange capacity (CEC; 11.17–23.6 cmol/kg) than Riyadh (9–19.17 cmol/kg). The fine clay and organic matter content attributes have increased fine clay and as a consequence CEC. The presence of high organic matter content in Dibis improves the cation exchange capacity of soil.
As for total iron oxides, Riyadh soils’ some horizons are richer than that of Dibis (2.71–4.57 g/kg); the highest concentration of Riyadh soils (Btk horizon) was 6.85 g/kg. The higher rainfall on Dibis site enhance the reduction and leaching of iron. Conversely, on Riyadh site, limited leaching during relatively drier season results in iron accumulation as oxides.
The outcomes of this analysis agree with those of [17] , [3] , [15] which state that location has a substantial effect on the chemical properties of soil.  









Table (3) Some Chemical Properties of the Studied Pedons
	Pedon 
	Location
	Horizon
	Depth (cm)
	pH
	EC (dS m⁻¹)
	Organic matter 
	Calcium carbonate 
	Total Fe oxides 
	CEC (cmol kg⁻¹)

	
	
	
	
	
	
	(g kg⁻¹)
	

	P1
	Al-Riyadh Subdistrict – uncultivated soil
	Ap
	0–20
	7.52
	0.23
	18.53
	231
	3.2
	19.17

	
	
	Btk
	20–45
	7.68
	0.26
	11.48
	274
	6.85
	16.71

	
	
	Ck1
	45–80
	7.91
	0.66
	9.04
	301
	4.06
	15.21

	
	
	Ck2
	80–120
	8.04
	1.58
	7.19
	324
	3.91
	10.01

	P2
	Al-Riyadh Subdistrict – cultivated soil
	Ap
	0–22
	7.62
	0.71
	15.43
	210
	2.96
	20.04

	
	
	Bt
	22–50
	7.76
	0.75
	11.56
	233
	5.03
	15.03

	
	
	Ck1
	50–85
	7.77
	0.94
	9.75
	255
	4.71
	12.73

	
	
	Ck2
	85–120
	8.02
	0.8
	8.28
	282
	3.21
	9

	P3
	Al-Dibs District – uncultivated soil
	Ap
	0–18
	7.32
	0.28
	20.86
	211
	2.71
	23.6

	
	
	Bt
	18–40
	7.53
	0.3
	14.21
	249
	3.91
	18.91

	
	
	Ck1
	40–75
	7.81
	0.34
	11.24
	277
	3.2
	14.34

	
	
	Ck2
	75–110
	8.11
	0.71
	7.81
	292
	2.89
	11.17

	P4
	Al-Dibs District – uncultivated soil
	Ap
	0–20
	7.54
	0.18
	17.37
	192
	3.22
	21.4

	
	
	Bt
	20–45
	7.71
	0.36
	12.84
	209
	4.57
	18.57

	
	
	Ck1
	45–80
	8.02
	0.46
	10.4
	251
	4.03
	14.02

	
	
	Ck2
	80–120
	7.78
	0.44
	9.26
	278
	3.91
	12.21


	
Fertility Properties
   The chart provided in this study shows the amount of available nitrogen and phosphorus in the horizons of the pedons studied. The nitrogen content in the surface layers was found to be between 21.53–40.4 mg·kg⁻¹ which decreased in subsurface layers to 7.16–13.2 mg·kg⁻¹. An increase in depth in all pedons clearly resulted a decrease in nitrogen content. Decreased nitrogen values with depth due to the reduction of organic matter as it is the main reservoir of nitrogen in the soil. The increasing amounts of calcium carbonate and gypsum reduce the nitrogen-fixing activity of both the symbiotic and free-living microorganisms, which means, the organic nitrogen is converted to available forms, less [18] ,[19].
The higher nitrogen levels of cultivated soils could be linked to fertilization as well as increased symbiotic activity of Rhizobium bacteria in the roots of leguminous crops, which improves the fixation of atmospheric nitrogen and its conversion to plant-available form [20] ; [21].
The values of available phosphorus in the surface horizons of the studied pedons varied from 0.93-16.14 mg·kg-1 and decrease with depth due to the lower organic matter content. Furthermore, the high concentrations of soluble calcium enhance the development of less soluble phosphate compounds, as also mentioned by [22]. The findings also suggest that the surface horizons have higher available phosphorus than the subsurface. This is because the topsoil has more organic matter than the subsurface, which in turn releases organic acids that dissolve insoluble phosphates. Additionally, soil microorganisms, especially mycorrhizal fungi, form the complex with the nutrients that make phosphorus available to plants [23]; [24].
The virgin soils generally had lower phosphorus values than cultivated ones due to the application of the phosphate fertilizer and residual effect of earlier fertilizers, besides this phosphorous solubility and availability is also increased due to secreted organic acids from plant roots of various crops [25] ; [26] .  Furthermore, the evidence presented in Table (4) indicates that there is a spatial variation in the available nitrogen and phosphorus contents of the soils of Al-Riyadh Subdistrict and Al-Dibs District, regardless of the fact that they are cultivated or uncultivated soils. The surfaces horizons showed relatively high values for Al-Dibs soil types.  For example, in the Ap horizon of pedon P4 (Al-Dibs), available nitrogen amounted to 40.4 mg·kg-1, and available phosphorus 16.14 mg·kg-1, whereas in the uncultivated soil P1 (Al-Riyadh) the corresponding values were 21.53 and 8.13 mg·kg-1, respectively. The above shows the significant role of having more rains in Al-Dibs than Al-Riyadh because rainfalls allow more growth of vegetations which in turn will bring greater accumulation of organic matter which is the source of N and P. It also encourages the growth of microbes that decompose organic matter and release nutrients.
The nitrogen and phosphorus values in all pedons decreased with depth. However, this reduction was more pronounced in Al-Riyadh soils as compared to Al-Dibs soils. In the (Ck₂) horizon of Al-Riyadh (P1) nitrogen and phosphorus values were dropped to 7.16 and 0.93 mg·kg⁻¹ while P4 of Al-Dibs were 11.13 and 3.00 mg·kg⁻¹. Al-Dibs experiences greater rain, which allows for translocation of nutrients to deeper layers. However, the greater organic matter allows for these levels to be higher. At Al-Riyadh, the drier conditions with lower organic matter cause sharper decline of nutrients at depth.
Analytical data for cultivated soil indicated higher amount of nitrogen and phosphorous in comparison with uncultivated soil.  For instance, in Al-Riyadh, P2 values in the surface horizon of the cultivated soil amounted to 30.6 and 10.14 mg·kg-1, while the P1 values in the uncultivated soil were 21.53 and 8.13 mg·kg-1. Not only has the soil nutrient reserve increased through fertilizer applications within 5 years, but also the effect of crops, especially leguminous crops which enhance the soil through biological nitrogen fixation.
Despite this, the soils of al-Dibs were more fertile than that of al-Riyadh under uncultivated conditions, which indicates that climatic conditions, mainly rainfall, are a key factor.

Therefore, it can be said that the spatial variation between al-Riyadh and al-Dibs soils is due to the interaction of climatic conditions (rainfall) and agricultural utilization. The enhanced organic matter accumulation and nitrogen and phosphorus levels in Al-Dibs, as compared to Al-Riyadh were due to more rain received by the former. While the agricultural use of the land improved soil quality on both sites, it was not enough to offset climatic effects.
The results correspond to the findings in [15] and [27], where it is reported that the chemical properties of the soil differ geographically.
Table (4). Some Fertility Properties of the Horizons of the Studied Pedons
	Pedon 
	Location
	Horizon
	Depth (cm)
	available nitrogen
	available  phosphorus

	
	
	
	
	(Mg kg⁻¹)

	P1
	Al-Riyadh Subdistrict – uncultivated soil
	Ap
	0–20
	21.53
	8.13

	
	
	Btk
	20–45
	13.00
	3.77

	
	
	Ck1
	45–80
	9.22
	2.57

	
	
	Ck2
	80–120
	7.16
	0.93

	P2
	Al-Riyadh Subdistrict – cultivated soil
	Ap
	0–22
	30.6
	10.14

	
	
	Bt
	22–50
	18.14
	5.00

	
	
	Ck1
	50–85
	12.54
	3.00

	
	
	Ck2
	85–120
	10.11
	1.53

	P3
	Al-Dibs District – uncultivated soil
	Ap
	0–18
	27.32
	9.55

	
	
	Bt
	18–40
	20.05
	5.41

	
	
	Ck1
	40–75
	15.39
	3.14

	
	
	Ck2
	75–110
	13.20
	2.00

	P4
	Al-Dibs District – uncultivated soil
	Ap
	0–20
	40.4
	16.14

	
	
	Bt
	20–45
	22.57
	7.06

	
	
	Ck1
	45–80
	15.00
	3.47

	
	
	Ck2
	80–120
	11.13
	3.00



Biological Properties
    According to Table (5), the distribution of bacterial and fungal populations in the horizons of studied pedons was presented. The microbial biomass was maximum in the surface horizons (Ap or A), compared to respective subsurface horizons. Bacterial counts varied from 4.66–9.00 ×10⁶ cells g−¹ soil, whereas fungal counts were 9.33–15.00 ×10⁴ cells g−¹ soil. The quantity of both Total and active biomass showed a remarkable decrease in the subsurface horizons (Bt and Ck) and were absent in deeper horizons (Ck1 and Ck2(.
This decline is attributed to the higher organic matter content of the surface relative to the sub-surface horizons, as which the organic matter is the main source of energy and nutrients for the microorganisms. Furthermore, the surface horizons experience more favorable environmental conditions for the development of microorganisms due to the direct presence of oxygen, transiently changing moisture and temperature (Paul, 2014).
The outcomes also discovered contrasts between cultivated and uncultivated soils. Bacterial and fungal counts in uncultivated soils (P3 and P4) are generally higher than that in cultivated soils (P1 and P2). A possible reason for this is that agricultural and mechanical practices (tillage, removal of vegetation cover and fertilization, etc.) can reduce microbial density or alter community composition [28]. In the deeper horizons, there is a near absence of microorganisms which mainly show a decline with depth. This is due to depletion of nutrients and substrates for microorganisms apart from the increasing salts and gypsum which can inhibit the microbiological activity. 
Soil biological activity is indicated by bacterial and fungal populations and they are related to soil fertility. The use of quality excretory materials with an increase in microbial biomass can positively promote the decomposition of organic matter, release of nutrients such as nitrogen and phosphorus, and improves soil aggregation and structure, which in turn benefits plant growth [30]. Accordingly, differences in microbial counts between surface and subsurface horizons, as well as virgin and cultivated soils, result from the interaction of organic matter content, soil depth, tillage, and chemical factors like pH, salinity, and calcium carbonate content.
According to Table (5) which shows a breakdown of bacterial and fungal counts in the soils studied. It shows that there is a spatial variance between the soils of Al-Riyadh subdistrict and Al-Dibs district and a variance between types and vertical distribution.
In the Al-Riyadh soils, bacterial counts in the uncultivated soil surface horizon (Ap) were 5.33 ×10⁶ cells g⁻¹ and the fungal counts were 9.33 ×10⁴ cells g⁻¹ while in the cultivated soil, these counts were 4.66 ×10⁶  and 11 ×10⁴ cells g⁻¹.  This means that the enrichment of fungal populations occurred at the surface as a result of agricultural activity, with a concomitant decrease of bacteria. This highlights the influence of tillage and fertilization in the accumulation of organic residues at the surface as well as the alteration of the microbial environment. Though in the Btk, Bt, Ck1 and Ck2 layers, there was a steep drop in the number of microbes. The lower layers had complete absence of microbes. This suggests that the organic matter and aeration weren’t available in those layers [31].
Similarly, observed previously, in addition to P1 cultivated and P2 uncultivated, P3 and P4 uncultivated soils of Al-Dibs district are much higher values, especially in surface horizons (Ap) which were found to have the count of 7.33 ×10⁶ and 13.66 ×10⁴ at P3 and 9 ×10⁶ and 15 ×10⁴ cells g⁻¹ at P4 for bacteria and fungi respectively. The increase of these soils in natural vegetation residues and a reasonable disturbance from human activities provide more favorable conditions to the microbes, particularly to the bacteria that decompose root residue and organic compound [32]. The presence of microbes in the soil and subsurface horizons of Al-Riyadh showed a whopping reduced microbial population in the soil compared to Al-Riyadh soils. Which means these soils were a lot more permeable and organic matter movement to the sub-surface is happening and more than likely going to help the deeper roots stabilize. In the Ck1 horizon of P4, the counts of bacteria and fungi were 0.66 ×10⁶ and 1 ×10⁴ cells g⁻¹, respectively, while they were almost absent at the other sites, supporting that local environmental conditions in Al-Dibs allowed for the existence of these microorganisms at greater depths.
In conclusion, it could be said that Al-Dibs soils have a higher potential for microbial communities due to their relatively higher organic content, favourable textured moisture, and moderate physical conditions. This means that the soil was not used excessively for agriculture, which kept it balanced. On the contrary, soils of Al-Riyadh, especially farmed ones, sufficiently exposed to repeated tilling and intensive use lost surface organic matter and reduced their microbial abundance along soil depth. Moreover, the calcareous and saline properties of a few deeper horizons hindered microbial activities.	Comment by Luma: The conclusion about higher microbial potential in Al-Dibs soils requires statistical validation
From the elucidations, the dissimilarity between Al-Riyadh and Al-Dibs soils pertains to the impact of cultivation and local environmental factors on the microbes balance of the soils. Soils of Al-Dibs are more favorable to microbial life than Al-Riyadh. Al-Riyadh soils contain less microbial life, especially at depth, because of low organic matter and human interference.. 
Table 5. Numbers of bacteria and fungi in the horizons of the studied soils        (cell·g⁻¹ soil)
	Pedon 
	Location
	Horizon
	Depth (cm)
	Bacterial counts
	Fungal counts

	
	
	
	
	CFU ×  106
	 CFU × 104

	P1
	Al-Riyadh Subdistrict – uncultivated soil
	Ap
	0–20
	5.33
	9.33

	
	
	Btk
	20–45
	1.00
	2.33

	
	
	Ck1
	45–80
	0
	0

	
	
	Ck2
	80–120
	0
	0

	P2
	Al-Riyadh Subdistrict – cultivated soil
	Ap
	0–22
	4.66
	11.00

	
	
	Bt
	22–50
	1.66
	2.66

	
	
	Ck1
	50–85
	0
	0

	
	
	Ck2
	85–120
	0
	0

	P3
	Al-Dibs District – uncultivated soil
	Ap
	0–18
	7.33
	13.66

	
	
	Bt
	18–40
	1.66
	3.66

	
	
	Ck1
	40–75
	0
	0

	
	
	Ck2
	75–110
	0
	0

	P4
	Al-Dibs District – uncultivated soil
	Ap
	0–20
	9.00
	15.00

	
	
	Bt
	20–45
	2.33
	7.33

	
	
	Ck1
	45–80
	0.66
	1

	
	
	Ck2
	80–120
	0
	0




4- Conclusions
1.	The soil of the surface layer showed more fertility and microbial activity than the lower layers.
2.	Bulk density increased but porosity decreased with depth.
3.	Soils subjected to agricultural exploitation had greater availability of nitrogen and phosphorus, slightly alkaline (pH) and high electrical conductivity due to fertilization and irrigation.
4.	In the surface layer, the greatest numbers of bacteria and fungi were found, while these declined with depth until becoming negligible..
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