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ABSTRACT

Agriculture is the most necessary sector to meet the food needs of the growing population. Knowing the fertility of soils 
is a necessary issue for food management. Evaluation of soil physical and biological properties, which are highly effective 
on productivity, is very important for sustainable management. In this study, the relationships between some soil physical 
(sand, clay, and silt) and erodibility factors (aggregate stability, structural stability index, clay content, and crust index) and 
biological properties (organic carbon, microbial biomass carbon, basal respiration, dehydrogenase enzyme activity, urease, 
and alkaline phosphatase) were investigated. Among the textural fractions, a low but statistically significant negative cor-
relation (r = 0.22; p < .001) was obtained between sand content and alkaline phosphatase enzyme activity of soils, while 
positive correlations were found between crust formation index and dehydrogenase (r = 0.26; p < .001) and urease (r = 0.33; 
p < .001) enzyme activities. Significant correlations were also found between biological traits. The highest relationship was 
found between microbial biomass carbon, basal respiration rate and aggregate stability (r = −0.36; p < .001). As a result of 
the study; it was revealed that there were significant relationships between physical parameters of soils and biological 
properties.
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Introduction

In a world where the effects of global warming and climate change are increasing day by day, it has been 
revealed by studies that the productivity level of the soil, where the most important food needs are met, will 
also be affected (Rosenzweig et al., 2014; Deng et al., 2023). Soil fertility shows the potential for plant growth 
and agricultural production capacity of land and is determined by the interaction of many indicators. Global 
warming can affect the water cycle and cause a decrease in water resources. Higher temperatures and increased 
evaporation lead to reduced soil moisture levels and an increased risk of drought. High levels of drought in 
soil lead to the deterioration of soil structure and increased soil erosion (Dandapat et al., 2024). In addition, the 
activities of some microorganisms are negatively affected, leading to a decrease in biological activity in the soil. 
This negatively affects the balance of soil ecosystems and biodiversity (Brockett et al., 2012; Zheng et al., 2024).

The physical properties of the soil affect processes such as soil fertility, plant growth potential, and water man-
agement. Water retention, one of the physical properties of soil, affects plant roots’ access to water. While air 
spaces in the soil provide plant roots with access to oxygen, good drainage, and air circulation support the 
healthy growth of roots and prevent problems such as rot and degradation in the soil (Gregorich et al., 2015; 
Hirte et al., 2017). Soil with good structure, aggregate stability, and low erosion sensitivity is an ideal environment 
for the root development of plants and the uptake of nutrients. Soil compaction, another physical parameter, 
affects the progression of plant roots through the soil. Its uncompacted structure does not provide optimum 
conditions for plants to access nutrients and grow, encouraging good soil root development (Frene et al., 2024).

While soil biological properties are effective in the processes of organic matter (OM) decomposition and humus 
formation, OM decomposition enables the release of nutrients in the soil and facilitates plants’ access to these 
nutrients. It also improves soil structure and increases water retention capacity. The activities of microorgan-
isms increase the formation and stability of soil aggregates, reduce soil erosion, regulate water movement, and 
ensure aeration (Li et al., 2017; Sun et al., 2024). One of the important factors that enable biochemical reactions 
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to occur is enzyme activity in the soil. Enzymes play an active role in reg-
ulating a number of biological processes in soil, such as OM decomposi-
tion, nutrient cycling, carbon cycling, and plant nutrition. High enzyme 
activity indicates that biological processes in the soil are active and is 
an indicator that the soil ecosystem is healthy (Daunoras et al., 2024). 
High soil respiration, which occurs as a result of the respiration process 
of microorganisms and other living creatures in the soil, indicates that 
there is active microbial activity and that OM decomposition is effective 
(Conant et al., 2011; Ma et al., 2019).

It should be fully revealed how the textural fractions, which are the 
genetic characteristics of dynamic soil, and the erodibility factors 
obtained in relation to them are related to biological properties. This 
study aims to assess the connections between certain soil physical 
properties, erodibility factors, and biological properties. In this context, 
the research significantly contributes to the scientific literature on soil 
studies. In many studies, physical, chemical, and biological proper-
ties are evaluated together. In this study, examining the relationship 
between biological characteristics and erodibility factors is considered 
the novelty of the study.

Material and Methods

Material
This study was conducted in approximately 13 micro sub-basins located 
in the Tekkeköy district of Samsun. The Tekkeköy district of Samsun 
province is located between the coordinates 2760,000–296,000 E and 
4548,000–568,000 N (WGS84, Zone 37, UTM m) (Figure 1). It is 1 km 
south, at 13 km of the Samsun-Ordu highway. It is located inland and 
the district area covers 225.6 km2.

The study area is located between 0 and 951 m above sea level. 
Although the northern and northeastern parts of the study area have 
slightly sloping lands, the southwest of the area consists of steep and 
very steep lands with more than 20% slope (Figure 2). The Central Black 
Sea climate prevails in the district. Summers are hot and humid, winters 
are mild, and spring and autumn are rainy. The hottest month is August, 
with an average temperature of 25°C, and the coldest month is January, 
with an average temperature of 7°C (MGD, 2022). Looking at the geo-
logical pattern of the study area, the slightly sloping lands in the north 
and northeast consist of alluvial deposits, while a large part of it consists 

of sandstone-mudstone and limestone. Additionally, there are volcanic 
rocks consisting of basalt and andesite in the southeast of the study 
area. According to the Old American Soil Classification of the study area 
(Baldwin et  al., 1938), the dominant great soil groups in the area are 
brown forest soils and gray-brown podzolic soils. Alluvial soils are also 
found in the northern and northeastern parts of the area (Figure 2).

Method

Soil samples were taken to represent 0–20 cm from the surface. For 
surface soil sampling, a 0–20 cm soil depth was preferred for repre-
sentativeness of disturbed samples. Soil samples were taken from 300 
different points determined during office work to represent the area. 
Three hundred disturbed and undisturbed soil samples were taken 
from different land uses representing 13 micro sub-basins in the study 
area (Figure 3).

Soil samples taken from the field were made ready for analysis by under-
going preliminary processes such as drying and grinding. The physical 
and biological analysis methods performed are listed in Table 1.

Boxplot graphics and descriptive statistics of soil properties, correlation 
matrices (Methane package), and texture fractions (Soil texture pack-
age) were determined using the R core program (Anonymous, 2024).

Results and Discussion

In this study, some structural parameters and biological properties were 
examined. Descriptive statistics of some physical and erodibility proper-
ties of soils are given in Table 2.

Sand, silt, and clay contents of the soils varied between 3.17–89.32%, 
0.93–89.32%, and 8.57–72.66%, respectively. The clay ratio was deter-
mined between 0.376 and 10.65, the crust formation index was deter-
mined between 0.73 and 18.37, the structure stability index of the soils 
was determined as 58.47% on average, and aggregate stability was 
determined as 62.78%. Boxplot graphs of sand, silt, clay, aggregate 
stability, and structure stability index are shown in Figure 4. The dis-
tribution states of the texture classes are shown in Figure 5. The soils 
examined in the study are generally classified in medium and heavy 
texture groups.

Figure 1. 
Study Area Location Map.
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Boxplot charts include the first quartile, median–median, and third 
quartile. While the median is the value in the middle of the data for the 
variables, the first quartile represents the region between the median 
and minimum, and the third quartile represents the region between 
the median and maximum. It is seen that there are both upper and 
lower outlier values for the upper outlier silt, which deviates from the 
general distribution in the sand content of the soils. It is observed 
that there are more outliers in aggregate stability compared to other 
features, and the general distribution is lower than the median value. 
This causes the skewness to be negative. A similar situation applies to 

structural stability. If the structural stability index is greater than 15%, it 
is resistant to erosion (Alaboz et al., 2021). It can be seen in the boxplot 
that there is a single outlier value less than 15%. Soils generally have 
high resilience. Soils with aggregate stability higher than 30% exhibit 
high durability (Alaboz et al., 2021). Again, the durability of soil samples, 
except the lower outliers, is high.

Standard deviation is a parameter that shows the spread of the distri-
bution; however, it is not possible to compare different features with 
each other depending on their magnitude or size. It shows the general 

Figure 2. 
Elevation, Slope, Geology, and Soil Maps of the Study Area.
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deviation within the data set. For this purpose, the use of the coeffi-
cient of variation (CV), which determines the percentage change of the 
values in the distribution compared to the average, is seen as a more 
accurate approach.

The CV, used to determine the variability in soil properties, is classified 
as low (<15%), medium (<35%), and high (>35%) according to Wilding 
(1985). The highest CV, which varies depending on values deviat-
ing from the average, was determined in sand content with 44.51%. 

Aggregate stability, SSI, and clay showed “medium” variability, while 
other properties showed “high” variability.

The crusting index of the soils varies between 0.73 and 18.37, and the 
clay ratio varies between 0.37 and 10.6. The boxplot graphics are shown 
in Figure 4. It is seen that there are upper outliers in both parameters 
and generally higher values than the median value. As a result, the 
skewness coefficient was positive and had a distribution farther from 
normal.

Crust formation index and clay ratio were determined among the fea-
tures with high CV. High deviations from the mean and upper outliers 
are a result of the high CV. According to Pieri (1989), if the crust index 
value is less than 5, it is classified as “very severe,” between 5 and 7 as 
“severe,” between 7 and 9 as “low,” and at values greater than 9, physical 
degradation is classified as “absent.” In the box plot graphics, accumu-
lations at values higher than the median and the third quarter being 
6.89 generally indicate that there is severe degradation in the soils. Clay 
ratio values show a distribution far from normal. Erosion decreased with 
increased clay content (Ayoubi et al., 2022).

Descriptive statistics of some biological properties of soils are given in 
Table 3, and boxplot graphs are shown in Figure 6. Organic C content, 
which plays an important role in the biological activity of soils, varies 
between 0.35% and 3.81%, and the CV was determined as 43.93%.

Microbial biomass carbon content in soils varied between 5.025 and 
74.53 mg C g−1 24 h−1, and basal respiration varied between 0.005 and 
0.45 mg C g−1 24 h−1. The presence of upper outliers deviating from the 
mean values caused the coefficient of variation to be high (Figure 6). 
Bayraklı et al. (2023) indicated that since most chemical activities in the 
soil occur through microorganisms, they have an important effect on soil 
formation and fertility. Therefore, measures of biological activity such as 
the number of microorganisms in the soil, CO2 production, and enzyme 
activity are also accepted as measures of soil fertility. According to their 
study conducted on hazelnut cultivation areas in the Black Sea region, 
the average values of urease enzyme and acid phosphatase enzyme 
activities are 15.35 and 110.17 µg g−1. In the current study, it was found 
that Dehydrogenase, UA, and AP contents were on average 16.15 µg TPF 
g−1 24 h−1, 22.59 µg N g dry soil−1, 135.04 µg p-nitrophenol/g soil/hour. In 
addition, statistical distributions of these biological properties exhibited 
a positive skewness coefficient. The distribution shows positive asym-
metry; the mean is larger than the median, it is concentrated on the left 
side, it is skewed to the right, and the values are generally lower than 
the mean. It was determined that the upper outliers and deviations 
from the average were high in the box plot graphics. Microbial biomass 
carbon/basal respiration represents the ratio of the amount of carbon 
stored in the cells of microorganisms and the release of carbon dioxide 
as a result of the metabolic activities of microorganisms. Basal respira-
tion refers to the amount of CO2 released by microorganisms by break-
ing down OM to produce energy and sustain life activities. A high ratio 
may be an indication that microorganisms store more carbon in their 
cells and require less OM for energy production. The Cmic : CO2 (meta-
bolic quotient—qCO2) ratio of the soils varied between 0.08 and 15.53. 
The metabolic quotient reflects the energy efficiency of the microbial 
community (Wang & Kuzyakov, 2023). It has been emphasized that 
parameters such as microbial biomass carbon and soil aggregation, 
carbon–nitrogen transformations, and the continuity of the nutrient 
cycle are related (Feng & Balkcom, 2017). Cmic : CO2 ratio (qCO2) varies 
between 0.5 and 2 in healthy agricultural soils. Higher values indicate 
higher C consumption by microorganisms, whose potential to seques-
tration C to the soil decreases (Ashraf et al., 2022).

Figure 3. 
Soil Sampling Pattern and Sub-basins.

Table 1. 
Method of Soil Analysis

Analysis Unit Methods

Texture—Bouychous % Burt (2014)

Structure stability index—SSİ % Leo (1963)

Aggregate stability—AS % Kemper and 
Rosenau (1986)

Clay ratio—CR % Bouyoucos (1935)

Crust formation index—CI % Pieri (1989)

Organic carbon—OC-Walkey Black % Kacar (2009)

Microbial biomass carbon—Cmic mg C g−1 24 h−1 Anderson and 
Domsch (1978)

Basal respiration—CO2 mg C g−1 24 h−1 Anderson, 1982

Dehydrogenase enzyme activity—
DHA

µg TPF g−1 24 h−1 Pepper et al. 
(1995)

Urease—UA µg N g dry soil−1 Hoffmann and 
Teicher (1961)

Alkaline phosphatase—-AP µg p-nitrophenol/ 
g soil/hour

Tabatabai and 
Bremner (1969)
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Saygın et al. (2023), in a study by which the soil quality of tea cultivation 
areas was evaluated, the microbial biomass carbon content of the soils 
was determined as 1.11–32.5 mg C g−1 24 h−1, and the basal respira-
tion to be 0.02–1.84 mg C g−1 24 h−1. Kızılkaya (1998) reported that the 
urease enzyme activity of soils where rice cultivation was conducted 
ranged between 24.12 and 39.03 mg N per 100 g dry soil−1. Abdo et al. 
(2022) stated that the urease enzyme is produced by the hydrolysis of 
urea molecules by microorganisms in the soil and plays an important 
role in the soil nitrogen cycle.

The correlation matrix between biological and physical properties of 
soils is shown in Figure 7. Positive relationships were detected between 
dehydrogenase enzyme activity, crusting index (r = .26; p < .001), and 
basal respiration (r = .32; p < .001). Singh et al. (2018) examined the rela-
tionship between dehydrogenase enzyme activity and soil properties 
in agricultural soils under different management; they stated that dehy-
drogenase enzyme activity exhibited a positive relationship with factors 
such as soil pH, soil moisture content, OM, and soil texture. Meena and 
Rao (2021) found that there is a positive relationship between dehy-
drogenase enzyme activity and basal respiration. As a result, high basal 
respiration was generally observed in soils with high dehydrogenase 
enzyme activity.

When the correlation matrix of soil properties is examined, urease 
enzyme activity and crusting index (r = .33; p < .001), basal respiration 

Table 2. 
Descriptive Statistics of Some Physical Soil Properties

Proporties Mean St. Dev. CV Min. Q1 Med. Q3 Max. Skew. Kurt.

Sand % 35.22 15.67 44.51 3.17 23.58 34.18 47.34 89.32 0.26 −0.5

Silt % 27.49 5.57 20.27 0.93 23.95 27.20 30.91 42.28 −0.22 1.66

Clay % 37.28 14.67 39.37 8.57 24.87 36.56 48.37 72.66 0.28 −0.75

AS % 62.78 13.16 20.96 17.45 55.00 64.92 71.01 93.19 −0.56 0.5

SSI % 58.47 14.50 24.8 10.29 47.21 59.65 69.08 89.49 −0.22 −0.48

CI % 5.38 2.86 53.27 0.73 3.35 4.71 6.89 18.37 1.3 2.55

CR % 2.22 1.56 70.47 0.37 1.06 1.735 3.02 10.65 1.63 3.78

Note: AS = aggregate stability; CR = Clay ratio; CI = Crust formation index; CV = Coefficient of variation; Kurt = Kurtosis; Min = Minimum; Med = Median–median; 
Max = Highest; Skew = Skewness; SSI = Structure stability index; St. Dev = Standard deviation; Q1 = First quartile.

Figure 4. 
Boxplot Graphs of Soil Physical and Erodibility Properties. AS = Aggregate stability; SSI = Structure stability index; CR = Clay ratio; CI = Crust 
formation index; S = Sand; Si = Silt; C = Clay.

Figure 5. 
Distributions of Soil Textural Fractions. Sa = Sand; Lo = Loam, Si = Silt, 
C = Clay.
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(r = .37; p < .001), alkaline phosphatase enzyme (r = .34; p < .001), organic 
carbon (r = .47; p > .001), and microbial biomass carbon (r = .43; p < 
.001). Cmic : CO2 ratio and crusting index (r = −.48; p < .001), aggregate 
stability (r = statistically significant negative relationships were deter-
mined between 0.36; p < .001) and silt (r = −.27; p < .001), and positive 
(r = .24; p < .001) relationships between structural stability and alkaline 
phosphatase. Wei et al. (2014) evaluated AP activity as more sensitive to 
processing in aggregates between 0.25 and 1 mm. In the study, posi-
tive significant relationships were found between basal respiration and 
microbial biomass carbon. Similar results were also revealed by Rahman 
et al. (2024).

In addition, a low positive relationship between aggregate stability and 
urease enzyme activity was detected. Urease is the enzyme responsi-
ble for the separation of urea, which is the final process of the organic 
phase. While Chakrabarti et al. (2004) stated that urease activity in soils 
depends on the OM–enzyme complex, humus C in organic material 
was evaluated as effective in urease activity. In the same study, it was 
stated that urease activity exhibited a positive correlation with clay and 
OM content. The detection of a significant negative high correlation (r = 
−.64; p < .001) between organic carbon and Cmic : CO2 ratio is notewor-
thy. As mentioned before, a negative relationship is expected as a high 
ratio may indicate that microorganisms store more carbon in their cells 

and need less OM for energy production. A low Cmic : CO2 ratio (qCO2) 
means better growth and less C released into the atmosphere. Dengiz 
et al. (2013) studied variables of microbial response in soil aggregates 
for soil characterization formed on Bafra Delta Plain. It was determined 
that the Corg content varies between 0.41% and 0.91% in soil samples. 
Cmic content was also found at a higher level in aggregates involved 
<250 and 250–425 μm diameters compared to other aggregate size 
classes. Moreover, we detected that the Corg:Cmic ratio was much 
higher in macroaggregates than in microaggregate fractions. BR levels 
were also greater in macroaggregates of >6300, 4750–6300, and 2000–
4750 μm than in the other macroaggregate sizes and microaggregates. 
According to their conclusion, it showed that microbial habitats and 
their response to different soil aggregate sizes formed in various devel-
oped soils.

Liu et  al. (2020) reported that urease enzyme activity showed posi-
tive correlations with factors such as soil pH, moisture, OM, and total 
nitrogen, while Xu et  al. (2021) stated that there was a positive cor-
relation between urease enzyme activity and alkaline phosphatase. 
Similar results were reported by Wang et  al. (2018). In the study, sig-
nificant negative and positive relationships were detected between 
alkaline phosphatase and sand. In the literature, the existence of a 
negative correlation between alkaline phosphatase and sand content 

Table 3. 
Descriptive Statistics of Some Biological Soil Properties

Proporties Mean St. Dev. CV Min. Q1 Med. Q3 Max. Skew. Kurt.

Corg % 1.89 0.83 43.93 0.35 1.27 1.73 2.48 3.81 0.51 −0.58

Cmic mg C 24 h−1 25.67 12.04 46.88 5.025 16.66 22.99 33.55 74.53 0.68 0.23

BR mg CO2 24 h−1 0.13 0.07 54.68 0.005 0.08 0.12 0.16 0.45 1.1 1.65

Cmic : CO2 0.43 0.23 53.93 0.08 0.27 0.37 0.49 15.53 1.79 4.36

DHA µg TPF g−1 24 h−1 16.15 8.03 49.76 0.07 11.07 15.88 20.90 40.50 0.42 0.29

UA µg Ng dry soil−1 22.59 14.65 64.86 2.56 12.30 19.42 27.94 94.75 1.85 4.7

AP µg p-nitrophenol/ 
g soil/hour

135.04 47.33 35.05 4.21 103.10 138.43 174.64 446.69 0.37 4.78

AP = Alkaline phosphatase; BR = Basal respiration; CV = Coefficient of variation; Cmic = Microbial biomass carbon; Corg = Organic carbon; DHA = Dehydrogenase 
enzyme activity; Kurt. = Kurtosis; Med = Median; Max = Highest; Min = Lowest; Q1 = First quartile; St. Dev. = Standard deviation; Skew = Skewness; TPF = Triphenyl-
formazan; UA = Urease.

Figure 6. 
Boxplot Graphs of Some Soil Biological Parameters. Cmic = Microbial biomass carbon; DHA = Dehydrogenase enzyme activity; UA = Urease.
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has been revealed (Tunç et al., 2022). It was reported by Erdel (2022) 
that the highest urease and catalase activity was determined in macro 
aggregates (0.850–0.425 mm aggregate size), and this is because macro 
aggregates contain more organic matter and organic carbon than 
micro aggregates.

Conclusion and Recommendations

In this study, the relationship between some soil physical properties 
and erodibility factors and soil biological properties was examined. 
It has been determined that biological properties exhibit significant 
correlations within the study soils, where the medium texture group 
dominates. Significant relationships were determined between textural 
fractions and alkaline phosphatase enzyme activity, dehydrogenase 
and Cmic/CO2 ratio, and erosion sensitivity parameters.

The study reveals that soil physical properties have an impact on bio-
logical properties as well. It has been evaluated that while improving 
physical conditions, biological properties will be positively affected. 
Additionally, soil structure has been considered an important property 
for ecological balance. Carrying out this study on soils with a temper-
ate climate is considered the limit of the study. Differences in climate, 
which is one of the soil-forming processes, affect many soil proper-
ties. In future studies, it is planned to reveal the effect of climate in arid 
regions where fragmentation and weathering are active.
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