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Abstract: Land use plays a crucial role in the stock of soil organic carbon (SOC) and soil nitrogen (SN).
The aim of this study was to assess and characterize the effects of various soil management practices
on the physicochemical properties of soil in a Mediterranean region in southeastern Spain. Texture,
soil moisture, bulk density, pH, electrical conductivity, equivalent CaCO3 (%), soil organic matter
and carbon, and Kjeldahl nitrogen were determined for the surface topsoil (0–5 cm, 180 samples)
under three types of land cover: cropland, grassland, and urban soil. The main soil textures were silt,
silt loam, and sandy loam with low percentages of soil moisture in all soil samples and lower bulk
density values in cropland and grassland areas. The pH was alkaline and the electrical conductivity
as well as the equivalent calcium carbonate content were moderate to high. Organic matter estimated
using the LOI and WB methods varied in the order cropland > grassland > urban soil. The results
obtained for SOC and SN indicate that cropland presented the highest stocks, followed by grassland
and urban soil. The values determined for the C/N ratio were close to 10 in cropland and grassland,
indicating that organic matter readily undergoes decomposition at these sites. Our results emphasize
the importance of evaluating the effects and identifying the impacts of different soil management
techniques, and further research is needed to better understand the potential to improve soil organic
carbon and nitrogen storage in semiarid regions.
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1. Introduction

Soil, a complex system, is an indispensable element for sustainability [1]. Yet, the
world’s soils are under pressure from many factors, including land use change and climate
change, both components of global change. However, different types of land use, particu-
larly agriculture and forestry, result in increased or decreased carbon emissions into the
atmosphere, accounting for nearly one-quarter of greenhouse gas emissions [2].

Soil is the largest reservoir of organic carbon in terrestrial ecosystems. Moreover, the
soil organic carbon (SOC) dynamics are not only of vital importance for maintaining soil
quality [3] but can also exert a substantial influence on the global carbon cycle, thereby
contributing to global change [4]. SOC is essential for the proper functioning and stabil-
ity of soils, influencing their chemical, physical, and biological properties [5–7]. These
properties are essential for the maintenance of healthy farming systems and are therefore
key factors to be considered in the management of soil. Nevertheless, climate change has
a negative impact on the functioning of ecosystems, including agrosystems, by altering
the biogeochemical cycles of carbon and nitrogen and changing nutrient bioavailability,
thereby hampering food production and exacerbating biodiversity loss [8].

However, agricultural soils present vast potential for carbon storage on a global
scale [9], and land management practices play a crucial role in achieving the sustainability

AgriEngineering 2024, 6, 396–408. https://doi.org/10.3390/agriengineering6010024 https://www.mdpi.com/journal/agriengineering

https://doi.org/10.3390/agriengineering6010024
https://doi.org/10.3390/agriengineering6010024
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriengineering
https://www.mdpi.com
https://orcid.org/0000-0002-0931-9654
https://orcid.org/0000-0003-2334-4802
https://orcid.org/0000-0003-3704-8078
https://orcid.org/0000-0002-4765-2191
https://doi.org/10.3390/agriengineering6010024
https://www.mdpi.com/journal/agriengineering
https://www.mdpi.com/article/10.3390/agriengineering6010024?type=check_update&version=2


AgriEngineering 2024, 6 397

goal of carbon storage. The findings from studies conducted on agricultural land by Ren
et al. [10] highlight that optimizing management practices holds significant potential for
sequestering and storing carbon. This approach has the potential to mitigate, to some extent,
the decrease in soil organic carbon (SOC) attributable to the impacts of climate change.
Another study by the same scientists [11] indicates that in cropland, SOC is a crucial deter-
minant of soil quality, playing a key role in ensuring food security and the sustainability
of agriculture. Human management practices, particularly sustainable agricultural tech-
niques, have the capacity to raise soil carbon and nitrogen levels, consequently enhancing
soil quality [12]. However, in an apparent contradiction, the abandonment of agricultural
land reportedly contributes to increased soil carbon and nitrogen sequestration [13,14]. On
the one hand is sustainable management via agroengineering techniques, and on the other
is the absolute abandonment of agricultural management. Notwithstanding, it is necessary
to maintain productive soils and food production as the world’s population is growing,
and the need to provide food may be compromised by a reduction in yields.

In addition, it has been emphasized that SOC in soil plays a central role in the global
carbon balance. Carbon storage in agricultural soil results mainly from the accumulation of
organic matter from crops, particularly biomass from different parts of plants [15], both
above- and underground biomass, and similarly in forest and pasture areas.

Since forest carbon sinks are crucial for the strategy of carbon sequestration, under-
standing this physiological process as performed by living organisms and mainly by plants
is required to enhance protection and sustainability in forest management [16,17]. Hence, it
is crucial to recognize that forest management practices possess the potential to impact the
stability and composition of soil carbon and nitrogen reserves [18].

Many improvements to management practices have been discussed and have the
potential to enhance SOC stocks in managed grassland soils. In this ecosystem, improved
grazing management practices, like optimizing grazing intensity or adopting holistic
grazing planning, have the potential to contribute to carbon sequestration [19]. Overall,
reducing grazing intensity or implementing spatial and temporal grazing exclusion mea-
sures typically leads to an increase in SOC stocks due to increased soil carbon input. This
trend is particularly evident in semiarid environments, such as our study area.

However, the intensive utilization of land for cultivation, grazing, or construction,
which involves the removal of native vegetation and disruption of the soil profile, can lead
to soil degradation [20]. It is important to recognize the role of urban areas and urban soils
as sources and sinks of carbon.

Urban soils are anthropogenic soils or soils affected by human activities linked to
settlements, predominantly but not exclusively found in urban areas. Urbanization and the
expansion of agricultural land often lead to deforestation and the depletion of biomass and
soil carbon stocks [21], often involving soils composed of a mixture of materials distinct
from those of adjacent agricultural or forest areas. These soils have been extensively
transformed by human activity through the mixing, import and export of materials, as well
as contamination [22]. In addition, soil horizons in urban areas undergo substantial changes,
contributing to soil sealing and a reduction in soil organic carbon (SOC) [23,24]. Given that
global climate change is projected to exert the most significant effects on the remaining
forest or grassland soils, it is likely that highly disturbed, well-designed, and extensively
managed urban soils may possess the most considerable potential for mitigating the drivers
of climate change [25]. Soils are often dubbed as the ‘brown infrastructure’ that provides
essential ecosystem services as part of urban land use planning. Their contribution to
climate change mitigation is of paramount importance to the sustainability and resilience
of densely populated regions around the world. It is essential to highlight that various
environmental factors in urban areas, including the urban heat island effect and elevated
concentrations of carbon dioxide (CO2) in the atmosphere, impact the overall urban climate
and share similarities with the factors anticipated to be significant within the framework of
global climate change. As a result, urban areas can serve as models for anticipating future
climate conditions.
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Specifically, the assessment of soil quality hinges on the contents of soil organic carbon
and nitrogen, which are pivotal elements in this evaluation [26,27]. Carbon and nitrogen,
as well as oxygen and hydrogen, are the major constituents of soil organic matter [28].
Soil organic carbon and nitrogen are recognized as essential components because of their
significant contributions to soil quality, fertility, and crop productivity. In addition, the
percentage of nitrogen can regulate soil carbon stocks by affecting decomposition [29].
Several research studies conducted by Chen et al. (2021), Tang et al. (2023), and Wang et al.
(2023) [30–32] highlight the growing complexity in comprehending the impacts of nitrogen
addition on soil organic carbon changes. These studies revealed that SOC responses to
nitrogen addition are divergent, highlighting that many factors influence this process. These
findings suggest that the relationship between SN and SOC is complex and contingent on
multiple variables, and the addition of nitrogen has a significant influence on SOC [33,34].
Given the robust interaction between the soil carbon and nitrogen cycles, it is imperative
to conduct a comprehensive analysis of the effects of nitrogen addition on soil organic
carbon dynamics [35,36]. In other studies carried out by Abbas et al. (2020), Puget and Lal
(2005), and Baker et al. (2007) [37–39], the variations in SOC and nitrogen were evaluated
under different types of soil management, leading to the assertion that SOC accumulation
is intricately linked to maintenance of an equilibrium between the quality and quantity
of soil organic matter (SOM), and this equilibrium is shaped by a combination of factors,
including climatic variables, soil physical properties, and soil management practices.

In this context, our study focuses on assessing the impacts of various soil management
situations on soil properties within a Mediterranean region in southeastern Spain, identify-
ing the differences associated with land use in the topsoil (0–5 cm) and also quantifying
variations in the soil properties.

2. Materials and Methods
2.1. Study Area

The study was conducted in an area in the southeast of Spain, specifically in the
province of Alicante, situated at coordinates 38.14 N and 0.73 W (Figure 1). The pre-
dominant climate of the area is semiarid hot-summer Mediterranean according to the
Köppen–Geiger classification (BSh) [40]. The average annual rainfall ranges from 300 to
600 mm, characterized by temporal and spatial variability in precipitation. This variability
gives rise to periods of severe drought juxtaposed with episodes of highly intense and
dramatic flood events. Additionally, the temperatures are mild overall, reaching above
18 ◦C [41]. It is generally accepted that soil temperature increment leads to a higher rate of
carbon loss, although findings in some published studies contradict this consensus [42–44]
because this process depends on the actual temperature reached. According to [45,46], the
main types of soils in the whole area are Calcaric fluvisols and Anthrosols with an SOM (%)
between 1.9 and 2.6, and the pH ranges between 8.1 and 8.4 due to the calcareous nature of
the lithology.

2.2. Sampling

Sampling was carried out between September (autumn) 2020 and May (spring) 2021
in several representative sites (different types of land use and land cover, LULC) and com-
prised field sampling and measurements covering various land use/cover types (Figure 2).
A total of 58 sampling areas (with three-point replication accounting 174 soil samples)
were analyzed, corresponding to 24 for cropland (horticultural and trees crops, farming
systems), 17 for grassland (pasture areas of sheep and goats), and 17 for urban soils (garden
and open spaces without soil sealing). These zones were chosen because they correspond
to areas whose coverage is completely defined by the type of use and land cover being
analyzed, without influence from other uses. In the field, we employed a portable Garmin
handheld Global Positioning System (GPS) receiver for precise location tracking. At each
point, topsoil samples of 0–5 cm depth were collected using a stainless steel cylinder (5 cm
diameter and 5 cm height) that was immediately closed and transferred to plastic bags to
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avoid water loss before being transported to the laboratory for further analysis. In total,
there were 180 soil samples.
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All samples were air-dried at 105 ◦C, and the soil moisture and bulk density were then
determined. The samples were then delicately disaggregated to pass through a 2 mm mesh
sieve, with the coarse fragments (>2 mm) set aside. For fine earth, the determined soil
properties were texture (soil granulometry), pH, electrical conductivity (EC), equivalent
calcium carbonate, organic carbon and matter, and Kjeldahl nitrogen.

pH is used as an indicator of acidity, electrical conductivity is mainly used as an
indicator of salinity, the total carbonate content reflects carbonate accumulation, and
organic matter is usually linked to the addition of organic fertilizers by farmers, among
other practices, such as those associated with the increasing of soil carbon storage to
mitigate climate change [47]. Soil bulk density is crucial for estimating changes in soil
organic carbon (SOC) stocks, as it varies with land use, and therefore needs to be considered
in the calculations [48].

Soil texture was assessed according to the USDA using the Bouyoucos densimeter
method [49], and pH and EC were measured at a temperature of 25 ◦C using the procedure
described by the United States Salinity Laboratory, with a soil/water ratio of 1/2.5 (w/v)
for the pH and 1/5 (w/v) for the EC [50]. Soil moisture (SM) content was gravimetrically
assessed by drying the soil at 105 ◦C for 24 h, while the equivalent calcium carbonate
content (CaCO3) was assessed through the acid digestion method utilizing a calcimeter [51].
Soil bulk density (BD) was assessed using the core method [52]. The SOM was estimated
using two methods: loss on ignition, known as the LOI method [53,54], giving the total
SOMLOI content, and the Walkley–Black method [55], in which oxidable organic carbon
(%) is given as OCWB. Next, the percentage of oxidizable soil organic matter (SOMWB) was
obtained by applying the conversion factor of 1.742 [56]. Soil nitrogen (SN) was analyzed
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using the Kjeldahl method [57,58]. The SOC and SN stocks were determined according to
each selected depth of land use using the equations proposed by Pearson et al. (2007) [59].

SOC stock = BD × D × C (1)

SN stock = BD × D × N (2)

where
SOC = soil organic carbon stock per unit area in t ha−1;
BD = soil bulk density in g cm−3;
D = depth of soil horizon at which the sample was taken in cm;
C = organic carbon concentration in %;
SN = soil nitrogen stock per unit area in t ha−1;
N = nitrogen concentration in %.
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2.3. Statistical Analysis

The descriptive statistics applied to the soil samples included parameters such as the
mean, maximum (max), minimum (min), and standard deviation (SD). The confidence
interval (CI) based on Student’s t-distribution and ANOVA F-tests (in the tables, means
with the same letter indicate a homogenous group in which the samples are not significantly
different) were also applied to statistically test the equality of means at a significance level
of 0.05.
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3. Results
3.1. Soil Basic Properties

Table 1 provides information on the primary characteristics of the physicochemical pa-
rameters measured in the soils corresponding to the three types of studied LULC: cropland,
grassland, and urban soils.

Table 1. Descriptive statistics and F test of the soil parameters analyzed for each land use.

Land Use
Type

Clay
(%)

Loam
(%)

Sand
(%)

SM
(%)

BD
(Mg/m3) pH EC

(dS/m)
CaCO3

(%)
SOMLOI

(g/kg)
OCWB
(g/kg)

SOMWB
(g/kg)

SN
(g/kg)

Cropland

Min 5.7 56.1 11.7 3.1 1.06 7.50 0.19 8.77 36.9 7.3 12.6 0.86
Max 12.2 82.5 35 28 1.31 8.30 9.26 11.70 73.9 31.1 53.6 3.06

Mean 7 74.1 18.9 7.6 1.20 7.90 2.04 10.04 53.3 18.4 31.7 1.79
SD 1.6 7.7 6.6 5.6 0.07 0.26 2.09 0.64 10.4 5.9 10.1 0.68
CI 0.7 3.2 2.7 2.3 0.03 0.11 0.86 0.27 0.43 0.24 0.4 0.03

F test a a a a a a a a a a a a

Grassland

Min 5.7 30.9 21.3 7.0 1.03 7.10 0.17 8.22 24.5 5.5 09.4 0.34
Max 16.4 72.3 63.3 39.4 1.50 8.20 0.45 10.54 72.8 25.2 43.4 2.42

Mean 8.8 50.3 40.1 13.8 1.28 8.00 0.30 9.50 39.8 13.2 22.7 1.23
SD 4.2 13.1 14.6 0.7 0.13 0.13 0.10 0.70 13.2 0.6 10.9 0.56
CI 2.1 6.5 7.3 4.7 0.07 0.07 0.05 0.35 0.66 0.3 0.5 0.05

F test b b b b b b b a a a a a

Urban Soil

Min 5.74 38.2 25.8 2.9 1.27 8.08 0.13 4.13 21.0 2.7 4.6 0.20
Max 7 68.1 55.6 12.3 1.60 8.90 2.41 19.14 42.8 11.5 19.8 1.33

Mean 6.2 54.5 39.3 5.6 1.42 8.58 0.83 12.95 29.5 7.4 12.7 0.51
SD 0.39 9.4 9.19 2.3 0.07 0.28 0.75 4.68 7.0 2.5 4.3 0.36
CI 0.2 4.7 4.6 1.1 0.04 0.14 0.37 2.33 0.34 0.1 0.2 0.02

F test c b b c b ac c b b b b b

Min = minimum; Max = maximum, SD = standard deviation, CI = confidence interval.

From Table 1, it can be seen that the main soil textures are silt, silt loam, and sandy loam
for all the soil samples. The siltiest soils were found to be located in the cultivation areas.
Soil texture influences soil carbon storage, as fine soil particles can favor the formation of
clay–humus complexes and preserve soil organic matter [60]. Although soil moisture varies
greatly on the soil surface as a result of the environmental conditions and soil management
(for instance, irrigation), the obtained values reveal that a low percentage of water was
retained in the topsoil (0–5 cm depth). The highest mean value was, however, found in
grassland, probably because some of the samples correspond to mountainous regions.
The bulk density values were lower in cropland and grassland and higher in urban soils,
reflecting the compaction expected in the disturbed soils of urban areas.

The mean pH values were close to 8 in cropland and grassland, but urban soils
evidenced a higher pH. The electrical conductivity was in the range of 0.19–9.26 dS/m,
representing the non-saline to highly saline soils in cropland areas associated with the
presence of some samples close to the salt flats of Santa Pola and the Natural Park of el
Hondo (Alicante), the non-saline soils of grassland zones, and the urban soils, exhibiting a
certain variability, ranging from 0.13 to 2.41 dS/m. In general, moderate to high EC values
are frequent in this region, where geological factors in combination with a semiarid climate
and intensive agricultural practices create conditions that contribute to elevated salinity
on the surface [61]. The equivalent calcium carbonate content of these soils showed an
average percentage close to or slightly over 10%, although the differences between urban
soils and the others were statistically significant, with a higher amount of carbonate found
in urban areas.

The soil organic matter estimated using LOI, SOMLOI, varied in the order
cropland > grassland > urban soils. Nevertheless, no statistical significance between crop-
land and grassland was found, which differed from urban soil, where the mean value
was the lowest. This corroborates the negative effect of human activities on urban soils,
diminishing the soil organic matter and increasing the bulk density.
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The values for oxidable organic carbon (OCWB), obtained by applying the Walkley–
Black method, followed the same trend as SOMLOI. SOMWB was estimated, and the
results are given under the values estimated by LOI, confirming that differences are found
between both techniques in estimating the total content of soil organic matter. Finally, as
with the soil organic matter, the Kjeldahl nitrogen content of the soils follows the sequence
cropland > grassland > urban soil.

3.2. SOC and SN Stocks across Land Use Systems

In all soils, the contents of soil organic carbon and soil nitrogen were higher in cropland
and grassland than in urban soil. The values for the C/N ratio, calculated based on
consideration of the parameters OCWB and SN, are shown in Table 2. Cropland and
grassland farming systems gave values of the C/N ratio close to 10. The C/N ratio is
directly shaped by factors like land use/cover, the introduced amendments, fertilization
intensity, and the rate of organic matter decomposition [62]. In our study, the C/N ratio
was higher in urban soil than in cropland and grassland (Table 2), which means there is less
organic matter decomposition than in farming systems, as indicated by other studies [63].

Table 2. C/N ratio, soil organic matter, soil organic carbon, and Kjeldahl nitrogen stocks correspond-
ing to different land use types in the first 5 cm of topsoil.

Land Use C/N SOMLOI Stock SOMWB Stock SOC Stock SN Stock
t ha−1 t ha−1 t ha−1 t ha−1

Cropland 10.27 31.980 19.020 11.040 1.074
Grassland 10.73 25.472 14.528 8.448 0.787
Urban soil 14.51 20.945 9.017 5.254 0.362

The results for estimation of the contents of soil organic matter stocks using the LOI
and Walkley–Black methods, and the organic carbon (Walkley–Black) and Kjeldahl nitrogen
stocks based on the previous equations [59], are shown in Table 2.

The obtained results indicate that the highest stocks of organic carbon and nitrogen
in the first 5 cm of the soil are associated with cropland use. In such agricultural systems,
the extended use of organic amendments and the contribution of plant remains from crops
can favor an increase in organic matter, as appears to be the case. Grassland areas, which
are used for grazing and pasture, have less SOM stock. It is important to consider that
although grass is the food for livestock and no organic fertilization is carried out, cattle
waste provides the soil with a source of organic matter. It is possible, however, that the
contribution of organic matter to soil will decrease and, as a consequence, there will be a
reduction in carbon storage. Urban soils exhibit the lowest stocks of carbon and nitrogen,
which can accordingly be attributed to the lower sources of organic matter added to the soil.

4. Discussion

As previously mentioned, soil organic carbon and nitrogen play a key role in de-
termining soil quality, and their relationships can be assessed to determine their effect
on soil carbon storage [26,27,64,65]. Differences in carbon storage between different soil
types reflect variations in a number of factors, including management practices and soil
fertility [66], but the C/N ratio, which is determined by the type of land use, should also be
considered. The influence of crop management practices has been demonstrated in several
meta analyses [67–69].

In research on the impact of land management by West and Post (2002), Lu et al. (2021),
and Du et al. (2020) [70–72] considering agricultural soils, it was found that no-tillage,
rotation diversity, manure amendment after a long experimental implementation period,
and cover cropping can favor soil organic carbon (SOC) and soil nitrogen (SN) sequestration
compared with conventional techniques, especially in the top 20 cm of soil [69].

These findings were also validated by other studies [73–75] demonstrating the in-
fluence of crop residue on the accumulation of soil organic carbon (SOC) in the topsoil.
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Enhancements in soil organic carbon (SOC) within the same soil profile positively influence
soil fertility parameters, leading to improvements in soil structure [76,77]. The first few
centimeters of soil arguably represent the most dynamic part, with exchange between soil
and atmosphere, and the addition of organic matter to the surface has an important role as
a source of greenhouse gases or as a carbon sink.

Our results are consistent with the majority of related studies, affirming significant
variations in the distribution and storage of soil organic carbon (SOC) and soil nitrogen
(SN) associated with land use/cover and management practices [78,79].

The study by Birch and Friend [80] showed that SOC and SN concentrations were
higher in land when used for irrigation-based fruit production rather than rainfed crop
production, but tillage led to a decrease in SN and SOC contents [81].

Conversely, other studies, such as in west–central Indiana (USA) [82], have reported
higher stocks of SOC and SN in grassland than in cropland, which can be affected by many
factors, including soil depth, vegetation cover, and climate [83]. Puget and Lal [38] noted
that at a depth of 0–5 cm, the SOC stock was more than 1.5 times greater for a Mollisol
used as pastureland than for forest soils in central Ohio. This difference is a reflection of
the higher density of grass roots in the upper layer.

Gelaw et al. [84] stated that the concentration of SOC/SN stocks in the 0–5 cm topsoil
in tree- and grass-based land use systems compared to rainfed crop production signifies the
risk of releasing large amounts of CO2 from the surface soil when converting from these
land use types to arable land use.

In their study, Wang et al. [85] discovered that the conversion from cropland to
pasture or permanent forest yields the most significant increase in soil carbon and nitrogen
storage. Conversely, conversion from nearly all other land use types to cropland or other
monocultures resulted in a decrease in storage values. This underscores the importance of
adopting sustainable land management practices to enhance soil quality.

In the same way, the study carried out by Li et al. [86] showed that cultivation practices
generally lead to soil compaction, reduced litterfall, and increased exposure of physically
preserving particulate organic matter to rapid oxidation, resulting in a reduction in soil
organic carbon and total nitrogen, especially in soil corresponding to the first 0–5 cm
in depth.

On the other hand, the carbon stocks in urban soils, particularly organic carbon, remain
among the least explored carbon reservoirs. Traditionally, studies on urban ecosystems have
been overlooked by ecologists and soil scientists [87,88]. The study by Vasnev et al. [89]
indicates that urban SOC should not be ignored in regional and global carbon assessments
and the urban SOC content significantly exceeds the non-urban SOC content.

The study of Martín et al. (2019) [90] revealed that forestlands generally have higher
SOC contents compared to grasslands and croplands in Spain. However, we speculate that
environmental factors were likely dominant in contributing to those observations, as forests
are usually situated on higher lands and in soils of low interest for agriculture. In our study,
cropland exhibited higher stocks of SOC and SN compared to other land cover types, such
as grassland and urban soil. This observation is aligned with the results reported by Guan
et al. (2015) [58]. In another study carried out in the Basque Country of Spain, Ganuza
and Almendros (2003) [91] reported that soil organic carbon (SOC) and soil nitrogen (SN)
reached maximum values in pasture soils.

The observations from our results are consistent with those of Mendoza-Ponce and
Galicia (2010) [92], where land use and land cover change (LULCC) seem to play a dominant
role in carbon and nitrogen storage due to the uneven distribution in different land use
types. Based on these results, it is recommended to adopt regulations that encourage the
use of cover crops to enhance soil organic carbon (SOC) and nitrogen storage as well as
those that promote cover cropping, diverse crop rotations, and no-till practices. Livestock
management regulations and wetland protection contribute to improving soil. Appropriate
manure management regulations and urban planning for green spaces can further boost
carbon sequestration and soil fertility for various land use methods.
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The influence of land use change on soil organic carbon (SOC) extends beyond the
surface soil, with notable relative changes observed in the subsoil. This underscores the
significance of conducting sufficiently deep soil sampling [48]. Based on this consideration,
a limitation of our study is that storing rates may have been overestimated if decreases
occurred at depths in the soil profile greater than those we assessed. Further work is
required to understand the findings in order to direct future research toward a more
thorough exploration of variations in soil organic carbon (SOC) and soil nitrogen (SN)
sequestration at greater depths. However, the findings of this study can contribute to
comprehending the role of soil as an organic carbon sink and, moreover, represent the
addition of some valuable data for use toward understanding the results obtained from
using remote sensing techniques, which mainly detect the surface properties of soil with
low depth penetration.

5. Conclusions

In the studied semiarid area, cropland had higher levels of soil carbon and nitrogen
storage than the other analyzed areas corresponding to different types of land use, probably
due to the addition of organic amendments and plant residues. In grassland, the use
of grass to feed livestock seems to result in the reduced addition of plant waste and,
consequently, carbon storage. In contrast, urban soils exhibited the lowest levels of carbon
and nitrogen storage.

Our results are in line with several previously mentioned studies. However, additional
research is necessary to gain a better understanding of the potential for enhancing soil
organic carbon (SOC) and soil nitrogen (SN) storage under various types of land use in
semiarid regions impacted by changing environmental conditions.
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