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 Soils formed on limestone parent material occupy an important and large part 

of the agricultural land in Syria, it is essential to study some physical and 

chemical properties of these soils in the Safita region (Tartous). For this issue, 

six soil profiles derived from limestone parent materials were investigated. The 

results showed that profile depth ranged between shallow to medium (20 – 

110) cm. sand and clay content increased with depth while silt content 

decreased. pH values ranged from neutral to alkaline (7- 8.09), high calcium 

carbonate contents were recorded throughout the soil profiles (28- 79.1) %, and 

also increase of organic matter contents in A horizon (1.91- 5.65%). The cation 

exchange capacity (CEC) ranged from 10 to 38.24 meq/100g. Exchangeable 

calcium was dominant on the surface of adsorption complex (3- 28.4 

meq/100g), followed by magnesium (1.2- 10 meq/100g). Taxonomically , the 

studied soils were classified under orders: Entisols, Inceptisols, and Mollisols 

which have profiles types: A, A – C, A – AC– C, and A – (B) –C.Soil depth and 

its content of rock fragment contentvaried according to slope degree, plant 

cover intensity, and parent material hardness. Most soil properties were 

inherited from the parent material and the soils were slightly developed and 

formed recently. 
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INTRODUCTION  

Soil is an important part of any ecosystem and it is the result of slow process that 

occurs over the years through weathering of the rocks, accumulation of the organic 

matter, and interactions of physical, chemical, and biological processes with great 

spatial variation in its characteristic (Hu et al., 2019). The type of soil depends on the 

parent material, climate, topography, and time. Parent material can be considered one 

of the most important factors in soil formation (Peng et al., 2024). It provides the basic 

material upon which other soil-forming factors act. 

Limestone is a sedimentary rock constituting approximately 10% of sedimentary rocks 

by volume. Its main components are calcium carbonate, (calcite or aragonite) and it 

may also contain a high percentage of magnesium carbonate, in addition to small 

amounts of  other components  such as feldspar, chloride, iron oxide hydrate and 

quartz (Bockheim and Douglass, 2006; Catoni et al., 2021). 

As a soil forming factor, limestone parent material plays an important role in the 

formation and composition (Guimaraes et al., 2022; Silva et al., 2022), mineral 

composition (Schweizer et al., 2024), and chemical constituents of soil (da Silva et al., 

2022). It affects soil physical properties (Murugasamy et al., 2023), water regime (Türk 

et al., 2025), thermal conductivity, transport of suspended materials and solution, 

mineralogy and chemistry, and pH sorption capacity. These, in turn,  directly and 

indirectly affect  soil chemical and physical processes (Michalet  and Liancourt, 2024); 

soil microbial community structure (He et al., 2024; He et al., 2025), and 

the  decomposition and accumulation of soil organic matter (SOM) (Li et al., 2024 ).  

Limestone materials have a significant influence on soil morphology because of their 

calcium content and high base saturation which lead to alkaline soils, and because 

of  their solubility in weak acids. The characteristics of soils formed from limestone 

rocks vary from shallow, young, calcareous soils to deep old and acidic soils (Muhs, 

2001); they depend on quality and composition of parent materials (Silva et al., 2022); 

and are related to impurities in the parent material, especially the clay fraction and 

sand grains. Although these impurities constitute less than 10% of the limestone rocks, 

they accumulate rapidly during soil development, as the carbonates are easily 

dissolved and carried away (Jenny, 2005). Hard and relatively pure limestone rocks 

mostly yield red soils, while the softer, impure rocks produce dark-gray and brownish 

soils (Dokuchaev Soil Science Institute, 2008). 

Although limestone rock is widespread in the coastal region of Syria, few studies have 

focused on it. In this context, (Rukia et al., 2012) reported a study on some soil 

properties formed on calcareous rocks in Banias region and their classification. They 

observed that most soil properties are parent material dependent, and the soils were 

slightly developed and formed recently. Hence, there is a need for more research 
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regarding soils formed from limestone in the Syrian coastal region. Against this 

backdrop, the objective of this research was to investigate some morphology, physical 

and chemical properties of soils formed on limestone parent material in Safita region 

(Tartous) /Syria.  

MATERIAL AND METHOD  

Study Location 

The study was conducted in Safita region which is located in Tartous governorate in 

the western part of Syria (Figure 1). The climate is Mediterranean, which has an 

average annual precipitation of 800 mm. Temperatures are characterized by great daily 

and seasonal variation with average value of 10 ℃ in January and 29 ℃ in August, a 

mean annual evaporation of 4mm/year and relative humidity is high, ranging 

between  (60-80)%. Six sites were selected from limestone deposit area along the Safita 

region (Table 1). At each site, three soil profiles were dug and then described. Soil 

samples were collected from each horizon and subjected to soil properties analysis. All 

samples were air-dried and ground to pass through a 2 mm sieve. Subsequently, 

selected physical and chemical analyses were carried out.  

 

 

Figure 1. The study area (Safita region) 
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Laboratory Analysis 

Soil texture was done by the hydrometer method (Gilliam  et al., 1993), Bulk density 

(BD) was determined by core method described by (Blake and Hartge, 1996), electrical 

conductivity (EC) was determined by Soil saturation extract (Leksungnoen et al., 2018), 

soil reaction pH of soil samples was determined by using a pH meter in a 1:5 soil-water 

suspension (Faria et al., 2023), organic matter (OM) was determined by wet 

combustion (Dong et al., 2020), calcium (Ca+2) and magnesium (Mg+2) were determined 

by using ammonium acetate (NH4OAc) saturation method (Thomas,1982), CaCO
3 
was 

determined by using the titration method (Drouineau, 1942), cation exchange capacity 

(CEC) was determined by neutral (pH 7.0) NH4OAc saturation method (Rhoades, 

1982). 

RESULTS AND DISCUSSION  

The Morphological Characteristics of The Soils 

Soil profile depth ranged from 20 to 110 cm (Table 3). The hilltop soils were deep, 

ranging from (49 -110cm). On side slopes, soil depth varied between  (20 to 45 cm) 

being moderately shallow in Serstan (P1), and moderately deep in Alsanober (P2). 

Based on horizonation, the soils were divided into three groups. The first group 

(Serstan soils) exhibited only A horizons. The second group (Mhere Alrom, Alsanober, 

P2, P3, P4 and Sabe P5) soils. These soils have A and C horizons with or without their 

transitional horizons.  The third group included Sabe soils. These soils have A, B and 

C horizons Soil colour value ranged from 2 to 8 under dry condition and increased 

with depth. Chroma varied between 2 to 6 under dry conditions. In general, the soils 

had brown colour mixed with shades of yellow; in some cases, shades of black and red 

were also observed. On the other hand, Mhere Alrom soil showed a hue of 7.5YR in all 

horizons Soil morphological characteristics are crucial features for horizonation and 

soil classification. The obtained results revealed that soil morphological characteristics 

were  substantially influenced by topography. While the soils at hilltops  were very 

deep. The variation in soil depth appears to be related to slope steepness, and 

vegetation cover. These factors are likely to determine the weathering intensity of the 

soil by controlling the amount of water percolating through the soil as well as its 

erosion intensity. The effect of slope position on soil depth has been reported in several 

studies (Petlušová et al., 2024). 
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Table 1. Soil profiles locations and altitude in the study area 

 

Position 
Coordinates 

Slope Altitude Site name Pedon 
N E 

S 34˚. 50′ 57.9″ 36˚ 02′ 30.4″ 25% 300 Serstan 1 

N 34˚. 52′ 06″ 36˚ 02′ 13.4″ 37% 168 ALsanober 2 

S 34˚. 51′ 42″ 36˚ 02′ 20.1″ 5% 90 Alsanober 3 

top 34˚. 52′ 01″ 36˚ 02′ 15.6″ - 305 Alsanober 4 

W 34˚. 52′ 20.7″ 36˚ 14′ 50.5″ 10% 600 SABE 5 

W 34˚. 50′ 50.9″ 36˚15′ 05.3″ 14% 830 Mhere Alrom 6 

Soil color serves as a critical indicator of soil properties and conditions (Sirisathitkul 

and Sirisathitkul, 2025) offering quantitative fundamental characteristics to soil 

classification systems (Pegalajar et al., 2020). Organic matter content and calcium 

carbonate percentage often influence soil colour (Moritsuka et al., 2014).  Brown colour 

mixed with shades of yellow in 10YR hue is the dominant soil colour   in the study 

area. This colour might be attributed to the presence of hydrated iron oxides, like 

goethite. However, when hematite is present even at relatively low concentrations, it 

may impart a red color to the soil (Juita and Sudarsono, 2020). This may explain the 

redder hue observed in the surface horizons of Alsanober profiles (P2, P3, and P4), 

where the presence of hematite likely contributed to the stronger reddish coloration of 

the soil. Organic carbon is another important soil colouring agent. In the studied soils, 

organic matter is found to increase the darkness of soils surface horizon as compared 

to sub-layers (Lu et al., 2023).  

Soil texture of all the pedons in both surface and subsurface horizon was clay loam 

(Table 2).  

Table 2. Selected morphological properties of the pedons 

HCL 
Structure2 Texture Color Boundary1 Horizon Pedon 

Effervescence 

2 MO,FM,GR clay loam  10YR2/2 CSM A 1 

3 MO,ME,GR clay   5YR4/3 GW A 
2 

4 -  clay loam  10YR6/3 - C 

3 MO,ME,GR clay loam  5YR4/3 GW A 
3 

4 - clay loam  10YR5/2 - C 

2  MO,ME,GR clay loam  5YR3/3 GW A 
4 

3 -  clay loam  10YR5/2 - C 

1 MO,ME,GR clay loam  10YR 3/3 CSM A 

5 2 ST,ME, B clay loam  7,5YR 3/4 GW B 

2 ST,CO,B clay loam  10YR 5/6 - C 

1  MO,ME,GR clay loam  7.5YR3/3 CSM A 

6 2 MO,ME, B clay loam  7.5YR7/3 GW AC 

2 ST,CO, B  clay loam  7.5YR8/3 - C 
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1W wavy, G gradual, SM smooth, C clear; 2MO= Moderate; FM= Fine and medium; ME= Medium; CO = 

Coarse; GR= Granular; B block; HCl effervescence: 1 slight; 2 moderate; 3 strong; 4 very strong. ST= 

Strong 

This texture might be attributed to their formation from the same parent material 

(limestone). The carbonate field test showed a strong reaction with the 10% HCl due 

to their calcareous nature (Table 2). 

The Physical Properties of Soil 

The particle size distribution (sand, silt and clay) is shown in the (Table 3). The sand 

content of surface horizons ranged from 27% to 41.9% with an average of 34.45% while 

the sub-surface horizons values ranged from 29.5% to 40.2% with an average of 34.85%. 

The lowest soil sand content was observed in the surface horizon and generally 

increased with soil depth except in Mhere Alrom soil where the highest sand content 

was found in the surface horizon. The silt content overall ranged from 23.5% to 38.8% 

with an average of 31.15%.The silt content of surface horizons ranged from 29.1% to 

38.8% with an average 33.95% while the sub-surface horizon ranged from 23.5% to 

33.7% with an average 28. 6%. The clay content of the soil sample increased with profile 

depth  in most of the studied profiles. The surface horizons had clay content ranging 

from 29 % to 39 % with an average of 34 % while the subsurface horizon ranged from 

31% to 44.7% with an average of 37.85%.  

From the data regarding sand, silt and clay content, it was observed that the clay and 

sand content showed an increasing trend while silt content showed a decreasing trend 

with soil depth in most of the studied profiles. he high clay content in subsurface 

horizons may be attributed to migration of clay from surface to subsurface horizons 

(Reira et al., 2024) and might also be attributed to the internal weathering processes 

led to the formation of (B) horizon with formed locally in situ (Rukia, 1991). 

The results of BD are shown in (Table 3). The results showed that the BD increase with 

soil depth in most of the studied profiles. The value of BD of the surface horizons 

ranged from 1.18 to 1.37 g/cm3 with average value of 1.27 g/cm3 while the sub-surface 

horizon values ranged from 1.36 to 1.56 g/cm3 with average value of 1.52 g/cm3. BD 

was low in the surface horizon may be attributed to more OM in the surface horizon 

as compared to the sub-surface horizon. The OM increases pore space which increases 

volume and decreases soil weight. Thus,BD increases with depth of the soil (Bitew et 

al., 2025; Asmare  et al., 2023) and might also be attributed to the weight of the soil 

layer above (Bayle et al., 2023). 
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Table 3. Particle size distribution and bulk density of the sampled soils 

BD (g·cm−3) Sand% Silt% Clay% Depth, cm Horizon Pedon 

1.29  31  33 36  0-20 A 1 

1.28 27 33 40 0-13 A 
2 

1.42 29.5 25.8 44. 7 13-45 C 

1.18 30 31 39 0-15 A 
3 

1.36 35 27 38 15-45 C 

1.29 36.5 33.5 30 0-19 A 
4 

1.38 39 30 31 19-39 C 

1.34 30.2 38.8 31 0-25 A 

5 1.46 32.5 30 37.5 25-65 (B) 

1.56 31.3 33.7 35 65-100 C 

1.37 41.9 29.1 29 0-25 A 

6 1.4 40.2 25.4 34.4 25-55 AC 

 1.45  37.4 23.5 39.1 55-110  C 

The Chemical Properties of Soil  

The  results showed  that  the  CaCO3  contents of  the  soil  sample increased  with soil 

depth in most of the studied profiles (Table 4). CaCO3 content of surface horizons 

ranged from 28% to 48.5% with an average of 35.2% while the sub-surface horizons 

values ranged from 40% to 79.1% with an average of 59.55%. The highest value of 

CaCO3 was found in the parent material horizon.  

The soils of the study area were formed on calcium carbonate–rich limestone parent 

material. Despite potentially high precipitation, carbonate leaching from the soil 

horizons appears to be limited. This may be attributed to the early stages of soil 

development and the effect of slope degree, which reduces water retention and 

downward percolation. However, partial leaching of CaCO₃ was observed in most 

horizons of the studied soil profiles, indicating that some carbonate translocation has 

occurred during pedogenic processes. Also the results showed that high content of 

CaCO3 were observed in all horizons of studied profiles (Table 4), which might be due 

to the nature of calcareous parent material (Hu et al., 2025). The soil content of 

carbonates in parent material horizon of the profile (P2 to P6) was higher (58.53, 61.39, 

36.91, 66.66 and 71.42) % than the A horizon, respectively, this might be mainly linked 

to the Mediterranean climate which has a role in the process of leaching of carbonates 

from surface horizons and accumulation in subsurface horizons and led to the early 

stages of B-horizon development  (P5) which have high clay content, than A horizon. 
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The relatively short absolute age of this soil which in turn reduced the effect of climate 

on leaching of carbonates as well the role of topography in erosion of carbonates with 

water movement. All of these factors reduced the internal weathering and leaching 

processes. The data on OM in the soils is presented in (Table 3). The results showed 

wide variation in soil OM which ranged from 0.29% to 5.65 % with average value of 

4.09% .The high OM content was found in the surface horizons of Mhere Alrom 

(5.65%) while the low organic matter content was found in the sub-surface horizons of 

Mhere Alrom (0.29%). 

The high rates of organic matter in surface horizon may be attributed to the continuous 

accumulation of OM from plant and animal residues as well as root exudates that 

increases the mineralization and accumulation of OM in the surface layer (Puppin et 

al., 2025). It is also assumed that the relatively high clay content and CaCO₃ richness 

of the soils contribute to the preservation of organic matter through the formation of 

stable organo-mineral complexes, particularly calcium humates (Soil Survey Staff, 

2014). 

The results showed that the soils were neutral to slightly alkaline in reaction with pH 

values ranged from 7.00 to 8.09 with average value of 7.54 (Table 4). The pH increased 

with soil depth in most of the studied profiles. The higher pH was observed in 

Alsanober (p2) soil (8.09) while the lower was in Mhere Alrom soil (7.00). The pH value 

of the surface horizons ranged from 7 to 8.09 while sub-surface horizon values ranged 

from 7 to 8.06. The low pH at the surface layer may be attributed to the result of high 

OM content (Zhang et al., 2023); and also may be attributed to the leaching of basic 

cations from surface to subsurface horizon (Sadiq et al., 2021).  

Table 4. Chemical properties of the soil of the sampled soils 

CECmeq/100g Mg+2meq/100g Ca+2meq/100g OM% CaCO3% EC pH Horizon Pedon 

35 4.8 25 4.25 36 0.3 7.5 A 1 

38.24 5.51 28.4 3.98 44.6 0.11 8.09 A 
2 

29.14 5.2 20.8 1.83 76.2 0.1 7.89 C 

30.5 5.35 22 1.91 48.5 0.17 8.03 A 
3 

29 5.15 22 1.12 79 0.11 8.06 C 

34.21 4.8 22.2 3.2 29.2 0.17 7.71 A 
4 

20.03 2.2 16.4 1.53 79.1 0.11 7.78 C 

38 10 19 5.65 28 0.29 7.1 A 

5 28 7 15 2.13 40 0.27 7.1 (B) 

21.3 4 12 1.43 42 0.23 7.9 C 

36 5 23 5.56 25 0.26 7 A 

6 23.2 3.2 12 2.89 31 0.25 7.2 AC 

10 1.2 3 0.29 35 0.22 7.2 C 
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The soil is characterized by low EC which ranged from 0.096 to 0.3 ds m-1 with average 

value of 0.198 (Table 4). Soils surface horizons showed higher EC as compared to the 

sub-surface horizons. The higher EC was observed in Serstan soil (0.3 Ds m-1) while 

the lower was in Alsanober (p2) soil (0.096 Ds m-1).  

The higher EC in surface horizons soils than in sub-surface horizons may be attributed 

to the accumulation of salts brought to the surface by the capillary movement of water 

as a result of evaporation and subsequent deposition of salts on the soil surface 

(Ibrahim et al., 2022).   

Wide variation in the CEC was observed in the studied profiles (Table 4). Soil CEC 

ranged from 10 to 38.24 meq/100 g with average value of 24.12 meq /100g. The highest 

soil CEC was observed in the surface horizons as compared to the sub-surface horizons 

in most of the studied profiles. The higher CEC was observed in Serestan soil (38.24 

meq /100g) while the lowest was in Mhere Alrom soil (10 meq /100g). The higher CEC 

in surface horizons soils than in subsurface horizons may be attributed of high OM 

content in surface horizons (Adugna and Abegaz, 2019).  

The depth distribution of total concentration of Mg2+ and Ca2+ in soil profile is shown 

in (Table 3). The Ca2+ was dominant in the exchange sites of the soil colloidal materials 

this was followed by Mg. The Ca2+ content in the soil  ranged from 3 meq /100g  to 28.4 

meq /100g with average value of 15.7%. Soils surface horizons showed higher Ca²⁺ 

content as compared to the sub-surface horizons in most of the studied profiles. 

Serstan soils showed the highest Ca2+content (28.4 meq /100g) and the lowest content 

was found in Mhere Alrom soils (3 meq /100g). The Mg2+ content in the soils ranged 

from 1.2 meq /100g to 10 meq /100g with average value of 5.6%. The Mg2+ content 

decreased with soil depth in most of the studied profiles. Sabe soil showed the highest 

Mg2+ content (10 meq /100g) and the lowest content was found in Mhere Alrom soils. 

The contents of both exchangeable Mg2+ and Ca2+ decreased with soil depth. This may 

be attributed to either local enrichment of base cations from the parent material or 

addition through plant and animal residues in surface horizons (Robinson et al., 2022) 

and also may be attributed to biological activity and OM accumulation due to plant 

residues that are found on the surface of soils (Kebebew et al., 2022; Yang et al., 2022). 

CONCLUSION AND RECOMMENDATION 

The studied soil profiles were formed on limestone parent materials. Most soil profiles 

were poorly developed and still in the early stages of soil formation with weak profile 

development, light coloration, and limited carbonate leaching of calcium carbonate 

and the main surface horizons were Mollic and Ochric while the subsurface horizons 

were absent or in the early stages of formation such as (P5) profile. Soil forming 

processes were general processes such as addition and decomposition of organic 
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matter whereas leaching processes were relatively weak and the main processes of soil 

formation were removal of soil material from slopes and addition to bottom slope. 

Most soil properties are highly dependent on the parent material; where the 

Mediterranean climate has no significant influence on that parent material due to 

strong and continuous erosion influenced by the steep relief. 

The result showed that the most common soils of study area according to USDA Soil 

Taxonomy the soil classification was as follows:  

1-Entisols:Sub-Order Orthents, represented by P1, P2, P3 and P4. 

2- Inceptisols: Sub-Order Ochrepts, which represented by P5. 

3- Mollisols: Sub-Order Rendolls, represented by P6. 

We suggest that there is a need to expand the study of soils formed on limestone parent 

materials in different areas in Syria. Additionally, special attention should be given to 

high-elevation areas to control erosion for conserving the soil which would require soil 

conservation strategies such as conserving the existing natural vegetation cover, 

proper land leveling, afforestation, terracing further studies should be conducted in 

this region 
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