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Abstract

Deforestation and erosion are important indicators of the beginning of land degradation. This
study aimed to present the changes in some physical, chemical, and microbial characteristics
of the soil on sloping land on which deforestation has led to gully erosion. The study was
conducted on dam slopes on which the forest cover had been removed, and gullies subse-
quently formed. Nine soil samples were taken from deforested and eroded slopes (Spg) and six
soil samples were taken from slopes with forest vegetation (Sg) for physical and chemical soil
analysis. Thus, a total of 15 samples were taken from the study area to determine physical and
chemical properties. To determine microbial biomass and activity, a total of 30 samples were
taken from the same locations in duplicate. The results revealed that sand particles, bulk den-
sity, soil temperature, >2 mm/<2 mm fraction ratio, pH, and electrical conductivity increased
markedly, whereas total porosity and organic carbon decreased (p<0.05) in Sy soils. Moreover,
it was found that the average organic carbon content of Sy soils decreased by more than five
times compared to Sy soils. Microbial biomass carbon and basal respiration in Sy and S soils
indicated a significant difference (p<0.05). While the metabolic quotient indicated a marked
difference (p<0.05) between Sy and Sy soils, the microbial quotient showed no significance
(p>0.05). Furthermore, it was found that the most relevant physical and chemical soil char-
acteristics of microbial biomass and activity were bulk density, pH, and organic carbon.
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1. Introduction

Soil erosion indicates not only the loss of topsoil
but is also a process that leads to many undesirable
phenomena, such as land degradation (Shi et al. 2018,
Wen and Zhen 2020), loss of soil nutrients (Ranjan et
al. 2021, Zhao et al. 2022a), and pollution of water re-
sources (Owens 2020). Even if restoration practices are
performed in an area that has somehow been degrad-
ed, it requires 30 years or more to restore microbial
biomass (MB) and communities in natural vegetation
(Bai et al. 2020, Sanji et al. 2020). Similarly, the levels
of soil organic carbon (SOC) content may also be mod-
erate and low even after years of erosion control prac-
tices (Zhang et al. 2020). Not only erosion but also
global warming (Zhao et al. 2021) and vegetation (Liu
et al. 2021) affect SOC (Peng et al. 2018). A loss of SOC
content even from small sites may cause great chang-
es in atmospheric CO, concentration (Lal 2019). There-

fore, the conservation of SOC and MB is closely re-
lated to the preservation of vegetation and soil in the
field. As a matter of fact, eroded areas and bare soil
surfaces contain considerably less MB compared to
areas covered with forests (Kara et al. 2016). Neverthe-
less, little is known about the relationship between soil
loss and erosion in terms of microbiological character-
istics (Merlo et al. 2022), and the effects of erosion on
soil properties, such as basal respiration (BR) and
metabolic quotient (qCO,), require better clarification
(Yao et al. 2019).

BR is an important parameter that characterizes
soil MB and activity (Bargali et al. 2018). BR is higher
in fertile vegetation (Liu et al. 2021) and biomass in the
forest floor, which is a developed formation, and leads
to an increase in microbial activity (Liu et al. 2023).
Similar studies have reported that BR values in natural
forests are higher than those in degraded areas
(Sushko et al. 2019, Taghipour et al. 2022). Since BR
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tends to increase with stand age (Yu et al. 2019), plant
richness (Zhang et al. 2019), and activity of aerobic
microorganisms (Walkiewicz et al. 2021), there is a
close relationship between BR and MB in forests
(Smith et al. 2021). In addition, increases in soil carbon
content cause a direct increase in BR (Bolat and Sensoy
2019), and it is thus higher in forest areas with higher
carbon content than in deforested areas. Even though
there are some uncertainties in the relationship be-
tween BR and soil erosion (Yao et al. 2019), degraded
and eroded areas have much lower MB and activity
than areas that maintain their stability (De Oliveira
Santos et al. 2022).

qCQO, is the respiration rate per unit biomass and
represents the capacity of microbial soil organisms to
use organic matter (Xu et al. 2017). Unlike BR, there is
anegative correlation between qCO, and development
of plant formations (Liu et al. 2021), and soil organic
and microbial carbon content (Mao and Zeng 2010, Jia
and Liu 2017). A decrease in qCO, is an indicator of
recovery in disturbed habitats (Hu et al. 2016). In oth-
er words, an increase in qCO, indicates the existence
of a problem in the habitat.

Following deforestation or destruction of vegeta-
tion, interactions between these factors may also vary
depending on different land uses. While heavy and
uncontrolled grazing creates serious pressure on pas-
tures (Gonzalez and Ghermandi 2021), many factors
such as population growth, intensive road network,
agricultural land opening, and devegetation have the
potential to cause damage to forests (Ranjan 2018,
Savari et al. 2020, Tun et al. 2021). Construction of
dams, bridges, and other structures on slopes and in
forests may also lead to the loss of vegetation and for-
ests and accelerate the formation of gullies and ero-
sion. Even though such structures are constructed on
small sites, they may lead to serious problems and
stress on lands outside their boundaries of functional
use in the case of vegetation removal for various rea-
sons (Maavara et al. 2020). Lack of vegetation and
bareness, especially on steep slopes, trigger erosion
(Chen et al. 2018, Ustaoglu et al. 2021); besides, erosion
can accelerate much more rapidly and form gullies in
such topographies (Majumdar et al. 2022).

The site at which the study was carried out is with-
in the Black Sea region. This region has a steep and
mountainous topography. Since the mountains in the
Black Sea Region lie parallel to the sea, many rivers of
short length can be found in the region. In recent years,
energy production in Turkey has been among the pri-
ority targets of the central government. Within the
framework of this energy supply policy, dozens of
small-scale dams have been established on the small
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rivers in the Black Sea region (Varol et al. 2022). How-
ever, in steep and mountainous regions, natural re-
sources, such as soil and water, may be damaged be-
fore and during dam construction. Soil loss and land
degradation are also included in the forces causing
damage to this site.

This study was carried out on the slopes that were
deforested during the construction of the Kirazhik&prii
Dam, which was built on the Gokirmak tributary of
the Bartin River, located in the northwestern part of
Turkey. The construction of the dam began in 1998
(Karakaya 2005) and has had a long construction pe-
riod due to various bureaucratic reasons, after which
it was used to store water even though it has not yet
been completed. Deforestation at the dam site, which
is located in a topography with steep slopes, started
before 1998. This site has been deforested due to sev-
eral reasons, such as the construction of the dam and
roads necessary for dam construction. Afterward,
rapid erosion, which still continues as of 2022, started
at the site. It is suspected that changes in the soil char-
acteristics on the slopes of the Kirazlikoprii Dam,
along with the soil loss during this period of more than
twenty years, have occurred. The selected study area
is steep with no vegetation covering it, and without a
mechanical or vegetative soil holder or protective buf-
fer zone between the area and the stream. The unsur-
prising result of this situation is the formation of gul-
lies on the site in a relatively short period of time.

The assumption that some physical, chemical, and
microbial soil properties of the slope with its natural
forest cover and the adjacent deforested slope with
serious gullies on its ground may vary considerably
within a period of about two decades has been influ-
ential in conducting this study. Based on this assump-
tion, the purpose of this study was to compare the soils
of a deforested slope with gully erosion and an adja-
cent forested slope and to reveal whether they have
any physical, chemical, and microbial differences.

2. Materials and Methods

2.1 Site Description

The study was carried out on the slopes of the
Kirazlikoprii Dam, which was built on the Gokirmak
tributary of the Bartin River. This site is located in the
south of Bartin City Center at a distance of 16 km.
According to the long-term data from Bartin Meteorol-
ogy Station, in which meteorological data closest to
the study area are recorded, the average annual tem-
perature is 12.74°C, and the average annual precipita-
tion is 1039.73 mm (Sensoy and Atesoglu 2018).
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Fig. 1 Kirazlkoprii Dam and the deforested areas on the slopes

Many deforested areas with their vegetation re-
moved for the construction of the Kirazliképrii Dam
and the nearby expressway on the slopes on both sides
of the Gokirmak river (Fig. 1) can be found. Of these
areas, a 2.8 hectare west-orientated deforested slope
with gullies (Sp) (latitude 41°32'16", longitude 32°28'25",
altitude 138 m) and a neighboring native forested slope
(S) (latitude 41°32'21", longitude 32°28'27", altitude 154 m)
were selected as the study area (Fig. 2). The steeper
slopes in the site within the dam arch could not be se-
lected because the authorities did not allow it, consider-
ing the possible dangers for people. Upon removal of
the vegetation on Sy, terraces were formed probably
for soil conservation purposes. These terraces, sequent
gullies, and small cliffs caused the natural slope line of
the field to be lost at many points. Therefore, it was dif-
ficult to determine a realistic slope value for Sy, yet it
was identified to be over 50% at many points. The aver-
age slope of S;, which was observed to have a heteroge-
neous microtopography, was determined to be 45%.
The most common tree species on S are black pine (Pinus
nigra Arnold.) and oak (Quercus robur L.). Besides, the
other tree species at the site include field maple (Acer
campestre L.), rhododendron (Rhododendron
ponticum L.), hornbeam (Carpinus betulus L.), hazel
(Corylus sp.), and chestnut (Castanea sativa Mill.). On Sy,
woody trees such as black pine, oak, and strawberry tree
(Arbutus unedo L.) are rare, whereas the distribution of
herbaceous blackberry species (Rubus sp.) is highly dense.
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There are gullies on Sy with a depth of over 1 m
and a width of over 2 m (Fig. 3). A total of four large
gully channels with individual gully heads can be
found in the site, and the widths of these gully chan-
nels vary along the vertical profile of the slope. Apart
from this main gully system, a lack of protective veg-
etation caused rills on the surface of the study site.
Although there is a certain canopy cover on the S;
slopes, the vegetation does not show a covering fea-
ture, except for the blackberry (Rubus) spread in the
form of clusters on the Sy slopes.

2.2 Data Collection

Spr and S; soil samples were collected from the
topsoil with a depth of 0 to 5 cm as of September
2022. Since Sy is an erosional area with its natural
soil structure disturbed, the soil samples were taken
from the top of the gully channels that reflected the
situation. The subsoil was not included in the study;
therefore, no samples were taken from the lateral
wall or the bottom of the gullies. During the sam-
pling process, the degraded area on Sj,; was horizon-
tally divided into three strips with a width of about
100 meters and categorized as upper, middle and
lower parts. The purpose was not to compare the up-
per- middle- lower parts of the slope but rather to
take samples all across the degraded area. From each
part, three metal cylinder (5x8.0 cm) samples to iden-
tify physical -chemical soil properties and three
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Fig. 2 Location of sampling points in the study area

2 mm sieved soil samples to identify microbial prop-
erties were taken at about 50 to 70 m intervals. A
total of nine topsoil samples were collected from the
site by random systematic sampling. As for the S;
soils, a total of six samples were taken at 40 to 50 m
intervals in such a way that would correspond to the
same elevation as S (Fig. 2). The soil samples to be
used to determine MB were stored at 4°C until used
for the analysis. During sampling, the soil and air
temperatures of both Sy and S; were recorded using
a digital thermometer in duplicate.

2.3 Determination of Physicochemical and
Microbial Soil Properties

To identify the physicochemical properties of the
soil, the cylinder samples were sifted with a 2 mm
sieve, and the soil parts of >2 mm and <2 mm were
weighed. The sand -silt -clay percentages of the sam-
ples were determined using a hydrometer based on
the Bouyoucos (1962) method. The soil moisture con-
tent was measured through the gravimetric method
using a soil sample dried at 105°C with a dry air ster-
ilizer (Reynolds 1970). The particle density was found
through the pycnometer method using a water vac-
uum pump (Blake and Hartge 1986), the bulk den-
sity was estimated based on cylinder size (5x8.0 cm)
and mass, and the total porosity was calculated us-
ing the particle and bulk density (Solgi et al. 2018).
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The pH (soil:water, 1:2.5) and electrical conductivity
(soil:water, 1:5) of the soils were measured using a
glass-electrode digital multimeter. The SOC content
was determined using the chromic acid oxidation
method (Walkley and Black 1934).

The MBC was determined using the chloroform
fumigation extraction method. Chloroform was used
for the fumigation process, after which the samples
were extracted with a K,SO, solution (Vance et al.
1987). The BR was estimated using the sodium hy-
droxide trap method. For this purpose, the samples
were incubated aerobically in a closed glass jar, after
which CO, emitted from the soil was trapped in
NaOH and measured via titration with HCI after
seven days (Alef 1995). The qCO, was determined as
the ratio between BR and MBC content, and the mi-
crobial quotient was taken as the ratio of microbial
biomass carbon to soil organic carbon content (MBC/
SOC) as explained by several researchers (Anderson
and Domsch 1990, Anderson and Domsch 1993).

2.4 Statistical Analyses

In the study, the SPSS 16.0 software package pro-
gram was used for the statistical analyses. A t-test
was performed to identify whether there existed a
difference between the physical, chemical, and mi-
crobial properties of Sy and S; soils. The relationship
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A general view from the gullies

Fig. 3 Gullies formed on Sy

between physicochemical soil properties and MB
and activity was determined using the Pearson’s cor-
relation analysis.

3. Results

3.1 Physical and Chemical Soil Characteristics

The results regarding some physical and chemical
properties of Sy and S; soils are presented in Table 1.
According to the data, Sy soils are found in sandy
clay, and S; soils are in the clay class. It was found that
minimum and maximum sand values were 26.14%
and 60.93% in Sg and Sy soils, respectively, and that
the values showed differences between the S, and S
(p<0.05). Minimum and maximum clay values were
found to be 28.61% and 59.80% in Sy and S; soils, re-
spectively. Even though a difference of approximately
10% was found between the clay averages of Sp; and
S; soils, this value did not constitute a significant dif-
ference (p>0.05). No significant difference between the
average silt values of Sy; and S; soils (p>0.05) was
found. The >2 mm/<2 mm (coarse material) ratio var-
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ied between Sy, and S; soils (p<0.05) as shown in Table
1. The mean values for bulk density and total porosity
indicated a marked difference (p<0.05) between Sy
and S; soils.

The minimum and maximum values for the actual
pH values of Sy were 7.26 and 7.95, respectively, and
S; soils were 4.92 and 5.84, respectively. A significant
difference was found between the Sy; and S; (p<0.05).
The mean values for electrical conductivity (EC) also
indicated a marked difference (p<0.05) between Sy
and S; soils. The SOC content of S; soils was more than
five times that of Sy soils with a significant difference
(p<0.05) as shown in Table 1.

3.2 Microbial biomass carbon (MBC) and
microbial quotient (MBC/SOC)

The mean values for MBC in S, and S; soil were de-
termined as 20742+33.53 ug g" and 885.55+44.85 ug g,
respectively. MBC values were in the range of 66.33
t0563.24 ug g in a total of 18 samples in Sy soils and
between 606.33 and 1129.74 pg g in a total of 12 sam-
ples in S; soils. The results of the statistical analysis
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Table 1 Mean values of some physical and chemical soil charac-
teristics in Spe and S; soils

Sail Characteristics Soe Sk

Sand, % 469a 33.6b
Silt, % 145a 18.1a
Clay, % 386a 483a
Soil texture Sandy clay Clay

Bulk density, g cm’ 153a 1.16b
Total porosity, % 4169a 51.83b
Soil temperature, °C 2190a 18.77b
>2 mm/<2 mm, % 40.16 a 22.48b
pH H,0 172a 531b
Electrical conductivity, uS cm’ 61.80a 39.45b
Soil organic, C g kg™ 4414a 2253b

Different letters in the rows indicate significant differences between
the groups (p=<0.05)

revealed a significant difference between the MBC
contents in Sy and S; soils (p<0.05) as shown in Fig.
4a.

The microbial quotient (MBC/SOC) was deter-
mined as 7.1+1.40% and 4.4+0.39% in Sy and S; soils,
respectively. The minimum and maximum MBC/SOC
values in Sy soils were 0.6% and 21.7%, respectively,
while these values in S; soils ranged between 2.2% and
6.0%, respectively. Even though Sy soils had a higher
MBC/SOC ratio than S soils, no statistically significant
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difference between the two groups (p>0.05) was found
(Fig. 4b).

3.3 Basal Respiration (BR) and Metabolic
Quotient (qCO,)

The mean value for BR was found to be 0.292+0.03 pg
CO, - C g" h'" in Sy soils and 0.745+0.11 ug CO, —
Cg' h'in S; soils. The minimum and maximum BR
values on Sy, soils were calculated to be 0.126 ug CO,
- Cand 0.661 ug CO, - C g’ h™ and 0.171 ug CO, -
Cg'h"'and 1.404 pg CO,-C g" h™ in S; soils, respec-
tively. As a result of the statistical analysis, a signifi-
cant difference was identified between the BR values
of Sp; and S; soils (p<0.01) as shown in Fig. 5a. The
mean value for qCO, in Sp; and S; soils was deter-
mined as 1.897+1.09 and 0.808+0.37 ug CO,-Cg" C,;.h™,
respectively. The minimum and maximum qCQO, val-
ues were calculated as 0.248 and 4.202 pg CO,-C g
Cnich™in Sy, and 0.282 and 1.343 ug CO,-Cg' C,. . h'
in S;, respectively. The statistical analysis revealed a
significant difference between the qCO, values of Sy
and S; soils (p<0.05) as shown in Fig. 5b.

3.4 Relationship between Physicochemical Soil
Characteristics and Microbial Properties

Pearson’s correlation analysis revealed a positive
correlation between MBC and SOC (r=0.805; p<0.01),
and a negative correlation between >2 mm/<2 mm
(r=-0.538; p<0.05), sand (r=—0.611; p<0.05), bulk density
(r=—0.795, p<0.01), and pH (r=-0.883; p<0.01). A positive
correlation was also found between MBC/SOC and
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Fig. 4 Mean values for microbial biomass carbon (MBC) — (A) and microbial quotient (MBC/SOC) — (B) in Sy and S; sails. Different letters in
parentheses indicate a statistical difference (p<0.05) between the groups
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Fig. 5 Mean values for basal respiration (BR) — (A) and metabolic quotient (qCO,) — (B) in Sy and S; soils. Different letters in parenthesis

indicate the difference between the groups (p<0.05)

bulk density (r=0.518; p<0.05). Moreover, a positive
correlation was identified between BR and SOC
(r=0.711; p<0.01), yet a negative correlation between
bulk density (r=—0.680, p<0.01) and pH (r=—0.592;
p<0.05). Furthermore, a positive correlation was found
between qCO2 and pH (r=0.570; p<0.05) and sand par-
ticles (r=0.579; p<0.05). The correlation between physi-
cochemical and microbial properties is detailed in
Table 2.

4. Discussion

4.1 Physical and Chemical Soil Characteristics

At our study site, Sp; was deprived of vegetation
for more than twenty years and then exposed to gully
erosion; fine materials such as silt and clay were re-
moved, and the remaining content in the area mostly
consisted of sand and >2 mm materials (Table 1). It is
a result encountered in the heavily eroded areas in
which degraded forest soils have a higher coarse frac-
tion and a lower porosity compared to natural forest
soils. The bulk density increases in deforested areas
(Hajabbasi et al. 1997, Sirajul Haque et al. 2014), and
macro pores are especially affected by the severity of
the erosion (Xia et al. 2021). Since intense erosion in
Spg occurs, it is predicted that the natural topsoil is
carried away, and the more compact lower parts re-
main on the site. To express this possibility as a fact,
sampling from different soil depths is needed. While
Spe was being deforested, it can be seen that terracing

was done on the slope. Therefore, soil compaction is
possible due to the presence of heavy machinery at the
site. On the other hand, gully erosion affects the po-
rous soil structure (Gan et al. 2019), and the increase
in stoniness causes a reduction in the total porosity (Li
et al. 2021a). These results indicate that bulk density
and total porosity are good indicators for obtaining an
evaluation of the eroded area. In this study, the bulk
density and the total porosity indicators clearly re-
vealed the current degradation of land, which used to
be completely forested about 25 years ago, after the
removal of its forest cover. Soil pH values are mostly
lower in areas that were planted or are covered with
vegetation (Zhao et al. 2022b, Zheng et al. 2022) and
areas of higher erosion (Heri-Kazi and Bielders 2021).
Under these conditions, the soil structure in the erod-
ed area is under constant stress and varies because
gullies and a continuous and rapid transportation ac-
cumulation exist, and it becomes more likely for the
top and subsoil layers to blend, leading to permeabil-
ity. On the other hand, nitrogen leaching and storage
are persistent in the soils under the natural forest and
may lead to a decrease in pH values (Lv et al. 2020).
For these reasons, pH values may be low in forest soils
(Table 1). EC is an important indicator of soil health
(Levi et al. 2020, Xie et al. 2020), and its increase usu-
ally depends on the increase of soluble salts in the soil
(Asghari Saraskanroud et al. 2017). Since topsoil is
generally transported in erosion-prone areas, subsoil
can surface, and it is reported that EC and salinity in-
crease toward the middle and lower parts of the soil
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Table 2 Correlation analysis between physicochemical and microbial characteristics in Sy and S; soils

BD TP Sand | Clay Zzz”r‘n”:rf pH EC | soc | MBC | BR '\gg(é/ qCo,

g | Feason| 1| 965" | 0501 | 0326 | 579 | 85" | 525 | 57| 795 | 680" | 518 | 0384
Sig - 0000 | 0057 | 0235 | 0024 | 0000 | 0.044 | 0.000 | 0000 | 0.005 | 0.048 | 0.209

o | Pearson | 965 |1 0504 | 0314 | —0506 | —845" | —0.483 | 833" | 829" | £417 | 0391 | 0413
Sig | 0.000 - 005 | 0.255 | 0054 | 0000 | 0088 | 0.000 | 0000 | 0.010 | 0.150 | 0.126

Pearson | 0.501 | —0.504 1| —918" | 0430 | 7307 | 722" | 0379 | —611° | 0245|0152 | 579°

sand Sig | 0057 | 0055 ~ | 0000 | 0109 | 0002 | 0002 | 0.164 | 0016 | 0.379 | 0583 | 0.024

- Pearson | —0.326 | 0314 | —918" | 1 | —0.245 | —559° | —751" | 0.149 | 0378 | 0.011 | 0303 | —0.509
Sig | 0235 | 0255 | 0000 | — | 0380 | 0030 | 0001 | 059 | 0.164 | 0.969 | 0272 | 0.053

~2mm/| Pearson | 579 | —0506 | 0430 | —0245 | 1 628 | 0425 | 576" | 538 | ~0.390 | 0.385 | 0.265
<2mm | Sig | 0024 | 0054 | 0109 | 0380 | - | 0012 | 0114 | 0.025 | 0038 | 0150 | 0.156 | 0.341
" Pearson | 855" | —.845° | 730" | —559° | .628° 1| 726" | —7337 | 883" | —502° | 0253 | 570°
Sig | 0000 | 0000 | 0002 | 0.030 & 0012 | - | 0002 | 0.002 | 0000 | 0.020 | 0363 | 0.027

o LPerson | 525 | 0483 | 727" | 7517 0425 | 726" | 1 | 034 -0450 | 0318 | 005 | 0259
Sig | 0044 | 0088 | 0002 | 0.001 | 0114 | 0002 | - | 0182 | 0092 | 0.249 | 0.844 | 0.351

Pearson | —857° | 833" | —0379 | 0149 | -576° | —733" | —0.364 | 1 805" | 711" | —0.446 | ~0,398

S0 Sig | 0000 | 0000 | 0164 | 0596 | 0025 | 0002 | 0182 | — | 0000 | 0.003 | 0.096 | 0.142

Pearson | —795° | 829" | —611° | 0378 | -538° | 883" | 0450 | 805 | 1 | 723" | 0057 | —658"

MeC Sig | 0000 | 0000 | 0016 | 0164 | 0038 | 0000 | 0092 | 0.000 | - | 0002 | 0.841 | 0.008

Pearson | —680° | 641" | 0245 | 0011 | -0390 | —592° | 0318 | 711" | 723" | 1 | -0292 | -0.074

. Sig | 0005 | 0010 | 0379 | 0969 | 0150 | 0020 | 0249 | 0.003 | 0002 | — | 0290 | 0.79%

MBC/ | Pearson | 518" | 0391 | —0.152 | 0303 | 0385 | 0253 | 0056 | —0.446 = 0057 |-0292| 1 | -0339
SOC | sig | 0048 | 0150 | 0589 | 0272 | 0156 | 0.363 | 0844 | 0.09 | 0841 | 0290 | — | 0216
o, Pearson | 0344 | 0413 | 579° | —0509 | 0265 | 570° | 0259 | —0.398 | 658" | —0.074 | 0339 | 1
Sig | 0209 | 0126 | 0024 | 0053 & 0341 | 0027 | 0351 | 0142 | 0008 | 0.79% | 0216 | -

** Correlation is significant at the 0.01 level (2—tailed)
* Correlation is significant at the 0.05 level (2—tailed)

(Cadaret et al. 2016, Perera et al. 2020). In this study,
the fact that the EC value of Sy soils is higher than that
of S; soils is considered a result of erosion — deposition
events in the gully area and surface of subsoil due to
the gullies formed. Many edaphic, topographic and
vegetative factors have an impact on SOC. Vegetation
and erosion affect the changes in soil organic matter
(Dudek et al. 2022), and the SOC content is closely
related to the presence or variability of vegetation
(Baldassini and Paruelo 2020) and soil erosion (Hamer
etal. 2009, Yao et al. 2019, Li et al. 2021b). Soils without
vegetation are susceptible to the erosive effect of heavy
rainfall. Heavy rainfall is also effective in displacement
of SOC (Hancock et al. 2019). This finding implies that
erosional areas have a potential for SOC loss. Since the

study site has been deforested in addition to the for-
mation of serious gullies, SOC loss will inevitably be
much faster and greater. The results regarding the
SOC clearly present the degradation over about two
decades (Table 1).

4.2 Microbial Biomass Carbon (MBC) and
Microbial Quotient (MBC/SOC)

There is a close relationship between soil nutrients
and MBC, and it is reported to be stronger than that of
BR and qCO, with the nutrients (Zeng et al. 2015). The
fact that MBC values are low in Sy soils can be con-
sidered typical and expected because, as a result of
deforestation, the vegetation cover in the area and the
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presence of plant residues decrease, and the organic
matter in the topsoil that has been transported by ero-
sion is lost. However, the fact that the proportional
difference is more than four times the initial amount
indicates how effective the combination of both ero-
sion and deforestation has been on MBC over more
than two decades. The soil loss due to erosion also
increases the amount of MBC that is lost (Kara et al.
2010). As a result, individual effects due to both fac-
tors, namely deforestation and increased erosion, on
the MBC content are negative. If it is considered that
this negative result is combined in an area in which
both deforestation and gully erosion can be observed,
it is possible to explain the four times difference in
MBC content in the deforested area compared to the
area with natural forest (Fig. 4a). This difference was
revealed in this study because the presence of soil
MBC is affected by the characteristics of vegetation
cover (Kara et al. 2016, Bargali et al. 2018, Prommer et
al. 2020) and degradation of the soil surface (Zhao et
al. 2022a).

MBC/SOC is one of the key determinants of soil
quality (Yan et al. 2022) and is considered a good indi-
cator of environmental stress and human pressure on
natural resources (Bastida et al. 2008, Zhou et al. 2017).
Many factors, including soil characteristics (depth,
clay content — Yang et al. 2016, Sun et al. 2020, pH -
Tian et al. 2008), vegetation and afforestation (Yang et
al. 2016, Kara et al. 2016), and land use (Lepcha and
Devi 2020) affect MBC/SOC. Results indicating that
the MBC/SOC is lower in deforested areas (Sirajul
Haque et al. 2014) have been reported in addition to
statistical differences (Kooch et al. 2018). On the other
hand, it was found that the MBC/SOC increases with
soil loss (Kara et al. 2010). Another important point is
that the MBC/SOC may vary along the slope profile.
While the microbial quotient is high in the lower and
middle parts of slopes, it may be low in the upper
parts (Campos et al. 2014). Therefore, the combined
effect of deforestation, erosion, and slope characteris-
tics may cause the microbial quotient to be highly vari-
able (Fig. 4b). It can be concluded that the results are
shaped depending on the dominant individual factor
in the combined effect.

4.3 Basal Respiration (BR) and Metabolic
Quotient (qCO,)

Low MB and activity in eroded areas can be con-
sidered an indicator of low BR in these areas. As a
matter of fact, Merlo et al. (2022) reported an inversely
proportional relationship between BR and soil loss.
The fact is that there is a BR difference between the
neighboring S; and Sy soils in this study (Fig. 5a). The
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richness of the vegetation also affects the high BR
value (Yang et al. 2016). Vegetation cover and unerod-
ed topsoil may be the leading factors in higher BR in
Si soils, because increasing soil depth or loss of topsoil
due to erosion and remaining compacted soil on the
field lead to a reduction in BR. The difference in BR
between the lower and upper parts of the slope (Sun
etal. 2018) may also have affected the higher BR value
in S; soils. Sy has more upper slope characteristics as
it loses soil more rapidly through erosion.

qCO, can also vary in a wide range between natu-
ral ecosystems like forests and non-natural forma-
tions, such as cultivated land (Xu et al. 2017). The fact
that bare, unplanted, and eroded areas are affected
more by changes in temperature than lands with
dense vegetation and forests may contribute to the
formation of this wide range of variation because tem-
perature is one of the key factors affecting qCO, (Li et
al. 2020). The marked difference between the average
temperature values of Sy and S; soils in the study area
also enhances this possibility (Table 1). Besides, due to
higher rate of substrate use by MB, qCO, is lower in
forest soils than in bare soils (Hamer et al. 2009). In
addition to deforestation, the soil loss caused by gully
erosion is another problem in the study area. Substan-
tial amount of nutrients, also including organic car-
bon, has been lost along with the topsoil (Table 1). The
negative correlation between SOC and qCO, (Jia and
Liu 2017) is another factor affecting the process in
which Sy soils produce higher qCO, than S; soils (Fig.
5b). Since an increase in qCO, is considered an indica-
tor of deforestation, environmental stress, and eco-
logic problems (Hu et al. 2016, Sanji et al. 2020), the
findings obtained from Sy soils within the scope of
this study are considered a clear outcome of the deg-
radation caused by deforestation and gully erosion.

4.4 Relationship Between Physicochemical Soil
Characteristics and Microbial Properties

It was observed that the most relevant physical and
chemical soil characteristics of MB and activity are
bulk density, pH, and SOC (Table 2). This study re-
vealed once again that SOC has a close positive rela-
tionship with MB and activity. Studies have shown
that pH, bulk density, and SOC are prominent param-
eters in relation to MB (Kara and Bolat 2008, Li et al.
2018). The relationship of bulk density with MBC and
BR was identified to be negative, which supports the
view that the increase in bulk density supresses micro-
bial life (Boeddinghaus et al. 2015). Loss of topsoil in
deforested and eroded areas leads to a decrease in or-
ganic matter content, which causes an increase in bulk
density (Griineberg et al. 2014) and thus a decrease in
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MB (Sanji et al. 2020). It should be noted that defores-
tation causes the degradation of most soil properties
and creates profound changes in dynamic soil proper-
ties (Kooch et al. 2018, Veldkamp et al. 2020). As in
bulk density, the pH content of soil negatively corre-
lates with MBC and BR but positively correlates with
qCQO,. Deforestation causes high pH values in soils
(Sirajul Haque et al. 2014), and high values of bulk
density and pH cause the decrease of SOC values
(Lepcha and Devi 2020). This result provides a nega-
tive but significant correlation between pH and MB.
Previous studies have repeatedly revealed a positive
correlation between SOC and MBC and BR (Bargali et
al. 2018, Bolat and Sensoy 2019), and this study reaf-
firms this strong correlation. Two of several essential
factors that lead to an increase in SOC and MBC con-
tent are the presence of rich vegetation (Prommer et
al. 2020) and non-degraded natural soils (Anderson et
al. 2008). The phenomenon of erosion causes MBC and
soil quality to decline (Mandal et al. 2021). Therefore,
the decrease in vegetation and loss of topsoil because
of erosion indicate a parallel change in SOC and MB.

5. Conclusions

The impact of deforestation and erosion on physi-
cal, chemical and microbial characteristics of topsoil
on slopes was investigated in a limited area. In just
over two decades, deforestation and erosion have led
to a decrease in organic carbon, MBC, and BR, and an
increase in MBC/SOC and qCO, in the topsoil. Many
physical and chemical soil characteristics, including
sand, pH, EC, temperature, bulk density, porosity, or-
ganic carbon, and >2 mm/<2 mm fraction ratio in the
topsoil have also been affected by deforestation and
erosion during this period. Organic carbon, bulk den-
sity, and pH have been the prominent physicochemi-
cal soil parameters that affect microbial biomass and
activity. Deforestation, which is ignored while the
dams are being built, poses a serious risk of causing
erosion, especially during long periods of construc-
tion. It is concluded that transportation and deposition
caused by erosion on the upper, middle, and lower
parts of a slope create spatial variations in both phys-
ical and chemical soil characteristics.
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