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Effects of electrical conductivity, acidity, and organic matter on carbon
sequestration ability of soils beneath Amygdalus scoparia
and Ephedra procera
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(School of Agriculture, Shiraz University, 71441-65186, Shiraz, Iran)

Abstract: [Objective] Carbon sequestration in plants and soils plays a crucial role in the carbon
cycle, contributing to the reduction of carbon dioxide levels and enhancing soil productivity. Identifying
plant species with high carbon sequestration potential is essential for the restoration and maintenance of
rangelands. [Methods] This study examined carbon sequestration in various plant organs—roots,
stems, and leaves—of two plant species: wild almond (4dmygdalus scoparia) and Ephedra (Ephedra
procera). In addition, soil characteristics and carbon sequestration levels were assessed by collecting
soil samples from depths of 0—15 cm and 15-30 cm, both at the base of plants and in the inter-plant
spaces. In this study, the first experiment comprised two factors: plant species (4. scoparia and E.
procera) and plant organs (leaves, stems, and roots). The second experiment also had two factors. The
first factor was three types of soil masses (collected at the bases of A. scoparia, E. procera, and the
control), and the second factor was soil sampling depth (0-15 ¢cm and 15-30 cm). The study was
conducted in the Dolatabad region of Fars Province, Iran. [Results] Soil beneath 4. scoparia had
higher levels of organic carbon, organic matter, and carbon sequestration than E. procera and control
soils. Furthermore, the 0—15 cm depth showed greater levels of these factors than the 15-30 cm depth.
As soil depth increased, organic carbon, organic matter, and carbon sequestration decreased, while soil
acidity increased. However, soil moisture content did not significantly vary between the two depths.
Soil type and depth had significant effects on electrical conductivity. The control soil exhibited a
significantly higher electrical conductivity than E. procera and A. scoparia soils. Additionally, average
values indicated that electrical conductivity was significantly greater at the soil surface. Notably, both
depths of the control soil showed the highest conductivity among all treatments, with the control
differing significantly from the other groups. High electrical conductivity in the soil may indicate high
salinity levels. Soils beneath 4. scoparia and E. procera showed significant differences in clay content

between the two soil depths, with the 0—15 c¢cm depth exhibiting the highest clay content among all
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treatments. [Conclusions] A. scoparia is found to store significantly higher amounts of organic carbon

and organic matter in its tissues than E. procera. The cultivation of 4. scoparia is highly feasible due to

its high tolerance to drought, whereas other water-dependent species may require extensive management

if cultivated in vast areas of rangelands. Organic carbon plays a more significant role than organic

matter in determining the extent of carbon sequestration in the soil. Soil texture, particularly clay

content, emerges as one of the most influential factors in carbon sequestration.

Keywords: carbon sequestration; organic carbon; soil texture; environmental management

The genus Ephedra is from the Ephedraceae
family. Ephedra are dioecious plants with green stems
and small leaves that are scaly. They are mostly
dispersed in areas with sand or sandy loam soil with
pebbles, and they can be naturally found in dry or
semi-arid climates where hot summers and cold
winters occur'"’. The presence of Ephedra (Ephedra
procera) on sand dunes can contribute to their
stability and permanence. Furthermore, when present
in riverbeds, the accumulation of large amounts of
sediments can occur at the base of the Ephedra plant,
and therefore the displacement of sediments along
with soil erosion is somewhat lessened.

Wild almond (Amygdalus scoparia) belongs to
the Rosaceac family, the genus Amygdalus.
Specifically, the genus is comprised of 40 species
worldwide. The wild almond is one of the most
resistant tree species that can withstand extreme heat
and cold. It can tolerate stone-bedded soils or hard
ground in general. Furthermore, its strong root system
can tolerate active forms of CaCO; Its resistance to
drought can make each tree live longer under adverse
conditions, and ultimately it can have a large share in
controlling soil erosion. One of the most important
terrestrial ecosystems that can contribute to carbon
sequestration is rangelands. Although the amount of
carbon sequestration per unit of area is not significant
in rangelands, their vast range compensates for the
low density of vegetation and can therefore be a
promising ecosystem for the practice of carbon
sequestration[zj. Rangelands comprise almost half of
the planet’s terrestrial areas, and their carbon storage
constitutes 10% of the total carbon biomass and 30%
of the total organic carbon in terrestrial ecosystems.
On a global scale, rangelands are responsible for 5 X

10" t of carbon sequestration each yearm.

Organic matter is a primary indicator of soil
quality which is considered quantitatively in
connection to agricultural practices and environmental
sciences. The amount of organic matter in soils has
generally declined in response to climate change[4].
The practice of carbon sequestration by plants and
shrubs is one of the simplest and cheapest methods for
reducing atmospheric carbon. Plant organs contribute
to carbon sequestration by means of photosynthesis[ﬂ.
Various plant species and the tolerance of species to
dry climates can diversify the roles of plants and their
different organs into carbon sequestration[&ﬂ.
Furthermore, the dominant plant species in each
region primarily performs carbon sequestration due to
the primacy of its canopy cover™. The degree to
which carbon sequestration occurs in each region
depends on the types of plant species, the methods of
rangeland revival, and environmental factors such as
the amount of annual precipitation. The rate of carbon
sequestration is influenced by plant growth traits, land
management techniques, shifts in land use, types of
regenerative practices, as well as the soil’s physical
and biological properties and its prior carbon
content™”. Therefore, by identifying plant species that
are more capable of carbon sequestration and by
studying factors relating to the management of carbon
sequestration, the revival of rangelands can be
considered as a valuable objective for the purpose of
reducing atmospheric carbon™. This study considers
two plant species inhabiting Iranian rangelands, i.e.
wild almond and Ephedra, and their capabilities of
performing carbon sequestration as they naturally
store organic carbon in their tissues and in the soil
where they grow. The present study tries to fill that
gap by determining the amount of carbon stored

within the tissues and soil. These findings would
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inform evidence-based decisions on the choice of tree
species for the restoration of degraded lands and
mitigation of climate change impact in arid and semi-

arid areas.
1 Materials and methods

The study was conducted in the Dolatabad region
of Fars province, Iran. The geographical coordinates
of Dowlatabad (near Nourabad Mamasani, Fars
province, Iran) are E 51°57'34"”, N 30°01'03". The
maximum altitude of the mountainous region in the
location is 1 782 m above sea level, and the lowest
altitude is 1 511 m. The maximum amount of rainfall
occurs in the months of January, February and March,
whereas the driest month’s span from May to
November. Precipitation mainly occurs in the form of
snow and rain. The location is characterized by
temperate summers and cold winters.

In order to evaluate the real potential of Ephedra
and wild almond species in performing carbon
sequestration, the sampling of the soil masses and
plant organs was carried out in specific regions which
hosted the maximum number of the mentioned plants
during springtime. Taking samples from the plant
organs was categorized into stems, leaves and roots.
Thirty plants were taken as samples per species. The
leaves and stems were dissected and were then taken
to the laboratory to be weighed. Aerial parts of the
plants were separated into leaves and stems.

Root sampling was performed by digging
vertically at six points around the base of each plant,
taking care to minimize damagem. Roots thicker than
2 mm were harvested from the soil samples and were
transferred to the laboratory for analyses. Following
the removal of the surface litter layer, vertical
excavation was carried out to a depth of 30 em™.
Since sampling started at the surface level, tools such
as a spade and a mattock were employed for
diggingm. Samples were taken from two regions, i.e.
from the base of plants and also from the spaces
between plants. The

latter was characterized by no vegetation. The
30 plant samples selected randomly within the study

area. The microhabitats (e.g., slope, aspect, initial soil

texture) were the same for all sampling.

Two depths were sampled, i.e. 0—15cm and
15-30 cm. The depth range was specifically chosen,
as most soil microorganisms were concentrated within
the top 30 cm, and the majority of plant roots extended
to this depth (Fig. 1). Beyond 30 cm, variations in the
soil's organic carbon levels were minimal""”. For each
plant, three holes were dug at its base, and the
collected soils were combined to form a composite
sample. To minimize error, a total of 40 soil samples
were collected for each plant species—30 from the
bases of the plants and 10 from the spaces between
them. With two plant species involved, this resulted in
80 soil samples overall. The samples were air-dried
and then transported to the laboratory for separate
analyses of chemical and biological properties, as well
as for assessment of carbon sequestration potential.

These chemical and biological factors were the
soil’s acidity, electrical conductivity, organic carbon
content, and the percentage of soil saturation moisture
content. Once the soil samples were air-dried and the
soil aggregates were crushed into smaller particles, the
roots were separated from the soil and stones or other
impurities were removed. The removal was assisted by
a sieve with 2 mm openings. The soil samples were
prepared for chemical analyses via standard laboratory
methods'”. The average weight of each set of samples
taken from each specified region was determined, and
the amount of organic carbon was evaluated in the
aerial parts and roots of the plants in addition to the
amount of organic carbon in the soil. The soil's
organic matter content was determined using the

following formula'":

OM = 15—(BRNX05)/DSWX06810 ( 1 )

Fig.1 Method scheme of plant and soil sampling
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Where, Oy is organic matter, %; By is Buret reading Where 7 is tree radius.
number; Dqy, is dry soil weight, g. B, = VW, x 1000, (6)

Oc = Oy/1.724, (2)

Where, O¢ is organic carbon percentage, %, Oy is
organic matter, %.

Ultimately, by using equation (3), the organic

carbon content of the soil was determined (t/ha) 2,

Soc = OcByhs (3)
Where, S, is soil organic carbon, t/hm’; By is bulk
density, g/cm; & is sampling depth, cm.

Soil acidity was measured by the potentiometric
method, and electrical conductivity was measured
according to a method reported previously in the
scientific literature' . Total nitrogen was calculated
by the Kjeldahl method"*'.

To assess the level of carbon sequestration in the
biomass of plant stems, the carbon coefficient was
calculated directly. The wood specimens taken from
each stem or trunk were sampled and determined
equally. The wood specimens were weighed at the
beginning and were weighed again after being placed
in an oven to be burnt into ashes. By having the initial
weight of the wood samples and the final weight of the
burnt ashes, the calculated percentage of carbon was
obtained for each wood sample, while considering the
[15]. The

percentage of carbon in the ash was added to the

ratio of organic carbon to organic matter

amount of organic carbon in the stem for each plant,
and the density of each wood sample was calculated

according to the following formula:

V=AHK.. (4)
Where, V' is tree volume, m3; Ay, 1s cross section of the
tree, m’; H is height; K, is density, g/cm’, was
determined by water displacement method. K, value
was determined separately for Amygdalus scoparia

and Ephedra procera.
(5)

Ab = TU’ZQ

Where, B, is tree trunk biomass, g; V' is tree volume,
m’; Wy is dry wood density, g/cm’.

The information related to site history and soil
characteristics before planting and shown in Tab. 1 of
supplementary material. Therefore, there is time zero
(control) with which to compare soil data after
32 years.

In this study, the first experiment comprised two
factors: the first was the plant type (wild almond and
Ephedra), and the second factor was plant organ (leaf,
root, and shoots). The second experiment also had two
factors: the first factor comprised three types of soil
mass (which were dug at the bases of wild almond,
Ephedra and the control), and the second factor was
the sampling depth of the soil (0—15 and 15-30 cm).
For this purpose, a completely randomized design was
carried out in each experiment. The data analysis was
performed using statistical software and the mean
values were compared according to the Duncan test
(P < 0.05). The correlation coefficients and fitting
regression model were also estimated by SAS

software (version 9.1).
2 Results

Results of evaluation pertaining to the amount of
carbon sequestration per hectare regarding the three
masses of soil under study showed that the amount of
carbon sequestration in the soil of wild almond was
52.69 t/hm’ the total
sequestration in the first depth (0—15cm) was
35.71 thm’ while the second depth (15-30cm)
contained 16.88 t/hm’ (Tab. 2). The amount of carbon
sequestration in the Ephedra soil amounted to
30.35 t/hm’, among which the first depth contained
20.62 t/hm’, while the second depth had 9.736 t/hm’.
The control contained a total amount of 6.66 t/hmz, of

among  which carbon

Tab.1 Soil characteristics of the study area before planting Amygdalus scoparia and Ephedra procera

BD/
Silt/% . pH
(grem™)

Soil
Clay/% Sand/%

depth/cm

oM/
(t/hm®)

OC stored/ Carbon sequestration/

Vegetation N
(t/hm”) 0—15 cm

(gm?)

13.74 52.38 33.88 1.165 7.03 0-20

2.10 3220.12 Grass C3 4.5

Notes: BD: Bulk density. OM: Organic matter. OC: Organic carbon.
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Tab.2 Amount of carbon sequestration in sample soil masses beneath Amygdalus scoparia, Ephedra procera, and control at two

depths

Plant’s soil masses Soil depth/em ~ Carbon sequestration/ (t- hm®)

Organic matter/%

pH (Acidity)  Electrical conductivity (EC)/ (ds-cm ")

Amygdalus scoparia 0-15 35.71af
Amygdalus scoparia 15-30 16.88c
Ephedra procera 0-15 20.62b
Ephedra procera 15-30 9.73d
Control 0-15 4.51e
Control 15-30 2.15¢

1.82a 7.63b 408.51c
0.30c 7.66b 332.46d
0.46b 7.72b 575.61b
0.47b 7.73b 400.14c
0.24¢ 7.15b 784.93a
0.20c 8.01a 736.09a

Notes: 1+ The same letters demonstrate no significant difference, while different letters demonstrate significant differences by the Duncan’s test

(P <0.05).

which 4.51 t/ha occurred in the first depth and 2.15 t/
hm’ occurred in the second depth (Tab. 2).
2.1 Electrical conductivity

Soil type and depth had a significant effect on
electrical conductivity, and the control soil exhibited a
significantly higher electrical conductivity than the
Ephedra and wild almond soils (Tab. 2). Additionally,
average values indicated that electrical conductivity
was significantly greater at the soil surface. Notably,
both depths of the control soil showed the highest
conductivity among all treatments, with the control
differing significantly from the other groups. High
electrical conductivity and elevated acidity in the soil
may indicate the presence of high salinity levels.
2.2 Acidity

Soil depth significantly affected the soil’s acidity,
while the soil type did not have a notable impact on
acidity (Tab. 3). Acidity levels were similar across
the wild almond, Ephedra, and control soils (Tab. 3).

Shallower soils exhibited lower acidity than deeper

Tab.3 Comparison of average values of organic carbon in
soil masses beneath Amygdalus scoparia, Ephedra

procera, and control at two depths

Organic carbon/%

Amygdalus scoparia 0.87at
Plant’s soil masses Ephedra procera 0.71b

Control 0.25¢

0-15 0.72a
Soil depth

15-30 0.49b

Notes: ¥ The same letters demonstrate no significant difference,
while different letters demonstrate significant differences by the

Duncan’s test (P < 0.05).

ones. However, the depth-related differences were not
significant for the wild almond and Ephedra soils but
were significant for the control soil. The highest
acidity was recorded at depths of 15-30 cm in the
control soil.
2.3 Percentage of organic carbon

Both soil type and depth significantly affected the
percentage of organic carbon. The maximum level of
organic carbon was found in the wild almond soil,
followed by the Ephedra and control soils, with
of 0.87%, 0.71%, and 0.25%,

respectively (Tab. 3). Organic carbon content was

average values

higher in shallower soils compared to deeper ones.
Notable differences were found between the 0—15 cm
and 15—30 cm depths, with average values of 0.72%
and 0.49%, respectively. However, the interaction
between soil type and depth did not significantly affect
the organic carbon percentage (Tab. 2).
2.4 Percentage of organic matter

The percentage of organic matter in the soil was
influenced by both soil type and depth (P < 0.01)
(Tab. 3). The wild almond soil contained 1.06%
organic matter, which was significantly higher than
the Ephedra and control soils (Tab. 3). Shallower
soils had higher organic matter percentages compared
to deeper soils, with significant differences observed
between two different depths, which contained 0.84%
and 0.32%, respectively. While the Ephedra and
control soils showed no significant differences
between the two depths, the wild almond soil
exhibited significant wvariations in organic matter

content between the 0—15 cm and 15-30 cm depths.
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The highest organic matter percentage (1.82%) in the
wild almond soil was recorded at the 0—15 cm depth.
2.5 Carbon sequestration

Carbon sequestration was significantly influenced
by both soil type and depth, the wild almond soil
exhibited the highest carbon sequestration levels at
26.29 t/hm’, followed by the Ephedra and control soils
at 15.18 and 3.33 t/hm’, respectively (Tab. 3). Soil
depth also played a key role, with significantly greater
carbon sequestration occurring at the 0—15 cm depth
compared to the 15-30 cm depth. When comparing
the interaction of soil type and depth, both the wild
almond and Ephedra soils showed significant
differences in carbon sequestration between the two
depths, whereas the control soil showed no significant
variation across depths (Tab. 2). The 0-15 cm depth
exhibited the highest level of carbon sequestration
across all soil types.
2.6 Soil texture
2.6.1
significantly influenced by both soil mass and depth at
the 1% probability level (Tab. 4). As shown in Tab. 5,
wild almond had a higher cluster than Ephedra and
control treatments, which was 24.26%, 19.66% and

18.41%, respectively. Also, the average of the main

Clay percentage Soil clay content was

effects of soil texture in two depths of 0—15 and
15-30 cm showed that the soil clay content was
significantly higher in the soil surface (Tab. 4). Soils
with wild almond and Ephedra showed a significant
difference in clay content between the two soil depths,
with the 0—15 cm depth exhibiting the highest clay

content among all treatments (Tab. 4).
2.6.2 Mass and depth at 1%

probability level had a significant effect on soil silt

Silt percentage

percentage (Tab. 4). Wild almond treatments were
significantly higher than other treatments for silt
percentage (Tab. 3). Additionally, the silt percentage
at the 0—15 cm depth was significantly higher than at
the 15-30cm depth (Tab. 4). The results of
decomposition of mass interactions and soil depth
(Tab. 4) indicated that in all treatments, low soil
depth had a higher percentage of silt.
2.6.3 Sand percentage The percentage of sand in the
soil was significantly affected by both soil mass and
depth at the 1% probability level (Tab. 3). Control
treatments with 77.18% of sand had higher percentage
of sand compared to wild almond and Ephedra
treatments (Tab. 4). As indicated in Tab. 3, the sand
percentage was significantly higher at the 15-30 cm
depth. While no significant differences were observed
between the wild Almond, Ephedra, and control soils
at this depth, each treatment showed a significant
difference between the 0—15 cm and 15-30 cm depths.
In all three treatments, the maximum level of sand was
consistently found in the deeper soil layer (15-30 cm)
(Tab. 4).
2.7 Percentages of organic carbon and organic

matter in plant tissues

The type of plant organ, plant species, and their
interaction significantly influenced the recorded
percentages of organic carbon and organic matter.

There were significant differences between the

Tab.4 Comparison of average values of soil texture in soil masses beneath Amygdalus scoparia, Ephedra procera, and control at

two depths

Soil depth/cm
Plant’s soil masses

Mean squares

(0-30)

Clay/% Silt/% Sand/%
Amygdalus scoparia 0-15 34.05at 25.86a 40.08d
Amygdalus scoparia 15-30 14.48d 7.77¢c 77.74ab
Ephedra procera 0-15 24.85b 15.92b 59.22¢
Ephedra procera 15-30 14.48d 5.68dc 79.84a
Control 0-15 19.81¢c 5.76dc 74.42b
Control 15-30 16.48d 3.57d 79.97a

Notes: 1 The same letters demonstrate no significant difference, while different letters demonstrate significant differences by the Duncan’s test

(P <0.05).
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Tab.5 Comparison of average values for interaction of
organic matter and organic carbon stored in various

plant organs of two species (P < 0.05)

Plant species

Plant organs
Amygdalus scoparia Ephedra procera

Leaves 55.68at 51.48b
Organic carbon/% Stems 56.16a 55.68a
Roots 52.26a 46.50c
Leaves 95.63a 81.50c
Organic matter/% Stems 97.33a 90.66b
Roots 97.00a 90.21b

Notes: T indicates values with same letters in each column have no

significant difference according to Duncan’s test (P < 0.05).

Ephedra and wild almond regarding the percentages of
organic carbon and organic matter in their plant
organs. The two variables were observed at higher
levels in the wild almond. Furthermore, different plant
organs had significantly different percentages of
organic carbon and organic matter (Tab. 5). The
stems and roots of the Ephedra had the highest and
lowest amounts of organic carbon, respectively,
compared to those of the wild almond. However, there
was no significant difference in the percentage of
organic matter between the stem and roots of Ephedra.
The leaves of Ephedra contained lower percentages of
organic carbon and organic matter compared to the
stem and roots. In contrast, the percentages of organic
carbon and organic matter in wild almond did not
show any significant difference between the stem and
roots.

According to the Pearson’s correlation coefficient
analysis (Tab. 6), the percentage of organic matter
showed a strong, positive, and significant correlation

with both organic carbon content and the level of

carbon sequestration. However, it did not exhibit any
significant correlation with the other measured soil
traits. Similarly, the percentage of organic carbon was
positively and significantly correlated with carbon
sequestration (Fig. 2 and 3).

The results of the multiple regression analysis
indicated that the significant F-statistic confirms a
strong first-degree (linear) relationship between
carbon sequestration and the percentages of organic
carbon and organic matter in the soil, demonstrating
the model's adequacy and reliability (Cv = 23.34). In
this model, 92% of the variation in soil carbon
sequestration is explained by the percentages of
organic matter and organic carbon (Tab. 7).

The regression formula is presented as follows:

(7)

. . 2 . .
Where, Y is carbon sequestration, t/hm"; X is organic

Y =-5.88+8.31X,+17.19X,.

matter, %; X, is organic carbon, %.
3 Discussion

3.1 Plant type and soil depth

The percentage of soil organic carbon was
significantly influenced by both plant type and soil
depth, although their interaction did not significantly
affect this trait. There is an indirect relationship
between the amount of carbon uptake in the dry and
semi-arid regions and the soil depths by examining the
effect of soil depth on the amount of carbon
sequestration[m]. This conclusion is also consistent
with the previous research results”’, which can be
explained by the gradual evolution of litter
decomposition into humus, which begins from the
surface layers of the soil. The findings of this study

revealed a significant difference in carbon storage

Tab. 6 Estimation of correlation coefficients among soil characteristics

Organic matter/% Organic carbon/% Carbon sequestration/ (t- hm’) Acidity EC/(ds‘em™)
Organic matter 1.00
Organic carbon 0.89%*F 1.00
Carbon sequestration 0.89%* 0.81%* 1.00
Acidity —0.22ns —0.14ns —0.51ns 1.00
EC —0.17ns —0.12ns —0.44ns 0.50ns 1.00

Notes: T denotes non-significant difference, * and ** denote statistical significance at (P < 0.05) and (P < 0.01), respectively. ns: Not significantly.
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Fig.3 Effect of organic carbon on carbon sequestration

Tab.7 Multiple regression analysis of soil carbon
sequestration under the influence of percentages of

organic matter and organic carbon

Source DF Mean square
Model 3 2 169.08**
Error 14 170.26
Cv - 23.34

R - 92

Notes: The asterisks * and ** denote significant differences at (P <
0.05) and (P < 0.01), respectively, based on the ¢-test. DF is degree of
freedom; Cv is coefficient of variation, %; and R’ is coefficient of

determination.

among various plant organs, with the stem containing
the highest amount of stored carbon and the root the
lowest. The results of this experiment are consistent
with the previous research results””. The results
showed that the depth of 0—15 cm had a more clay and
silt content, resulting in more carbon storage. Soil
texture, particularly clay content, is one of the key
factors influencing soil carbon storage. Clay soils tend
to retain more organic carbon due to their high surface
area, ability to form stable aggregates, and protection

N N . . 6
of organic matter from microbial decomposmon[ !

3.2 Soil properties and carbon storage

The researchers concluded that increasing the
depth of bulk density and soil acidity increased, while
the percentage of nitrogen reduced the amount of
organic matter and organic carbon. It was also found
in this study that soils containing wild Almond had a
higher carbon content due to their percentage of clay.
Soils with wild almond and Ephedra showed a
significant difference in clay content between the two
soil depths, with the 0—15 cm depth having the highest
clay content among all treatments. Researchers from
Costa Rica, found organic carbon concentration at
very different depths in relation to soil texture,
especially clay soils”.

3.3 Plant organs and carbon sequestration

Woody organs have a higher capacity for carbon
storage, and plants with a greater proportion of woody
tissues exhibit higher carbon sequestration[m]. Carbon
sequestration was significantly different between the
two species by comparing the carbon sequestration
between Jand and Mesquite in southern of Tran""”.
The researchers showed that in two species, the
highest carbon content in the stem is consistent with
the findings of this study. In general, the effect of
plant and plant species on the amount of carbon stored
in plant tissue was significant.

There was a significant difference between the
different organs of the plant in terms of stored carbon.
The highest and lowest amount of carbon stored in the
tissue was observed in the stem and leaf organs of
both plants, respectively. The almond plant was more
carbon stored in its tissue, which was higher by about
59.8% than the Ephedra plant. Accordingly, based on
the regression formula, along with figures 1 and 2, the
increase of organic carbon and organic matter in the
soil is accompanied by the increase in carbon
sequestration. The stronger regression coefficient of
organic carbon compared to organic matter indicates
that SOC is a more direct and reliable predictor of soil
carbon sequestration. This difference can be explained
ecologically: while soil organic matter comprises a
mixture of carbon and other elements (N, P, S, etc.),
only the carbon fraction contributes directly to long-
Variations in non-carbon

term carbon storage.
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components of SOM dilute its relationship with
carbon sequestration, leading to weaker statistical
associations. In contrast, SOC reflects the actual
carbon pool, especially the stable fractions protected
within soil aggregates and organo-mineral complexes,
which are central to long-term sequestration processes.
Therefore, the higher coefficient of SOC relative to
SOM is consistent with the mechanistic role of carbon
as the main element governing soil carbon storage
capacity.

3.4 Management implications and future directions

Organic carbon plays a more significant role than
organic matter in determining the extent of carbon
sequestration in the soil. The outlining how wild
almond cultivation could be integrated into local land-
use planning, soil conservation practices, reforestation
projects, or carbon sequestration policies under actual
ecological and socio-economic conditions. Then, it
would be useful to experiment the cultivation and
sequestration of this species in other terrestrial
ecosystems or further rank this species when
information on other rangeland species becomes
available regarding their capabilities of carbon
sequestration. The cultivation of wild almond is
exceptionally practicable because of its high tolerance
to drought, whereas other water-dependent species
may need a great deal of management if cultivated in
vast areas of rangelands.

Although wild almond appears more beneficial
for carbon reduction than Ephedra, the long-term
stability of carbon sequestration must also be
considered. The slower litter decomposition of wild
almond favors the formation of more stable soil
carbon pools, whereas Ephedra contributes to faster
nutrient cycling but less persistent carbon storage.
From a management perspective, species choice
should not rely solely on carbon storage potential.
Wild almond entails higher planting costs and lower
seedling survival in harsh conditions, but its long-lived
woody structure enhances carbon permanence. By
contrast, Ephedra is cheaper to establish, more tolerant
of soil salinity and degradation, and has higher early
survival, making it suitable for severely disturbed

rangelands. Therefore, integrating both species in

restoration strategies—depending on site conditions—
could balance short-term establishment success with
long-term carbon sequestration stability, providing a
more comprehensive decision-making framework for

rangeland management.
4 Conclusions

This study found the surfaces soil has a higher
clay and silt content then the deep soils, resulting in
more carbon storage. The moisture content and acidity
were the same for all three treatments without any
significant differences. Soil texture, especially the
percentage of organic carbon is one of the factors
Soils

organic matter and organic carbon are more available

affecting carbon sequestration. containing
to sequestrate carbon. It was also found in this study
that soils containing wild almond had a higher carbon
content due to the percentage of organic carbon and
the percentage of organic matter. Difference between
soil depths in terms of acidity, organic carbon
percentage, organic matter content and carbon
sequestration in wild almond and in terms of electrical
conductivity in control soil was higher than other
treatments. Carbon dioxide is among the most
common greenhouse gases which result in global
warming. The procedure for storing carbon in soils
and plant biomass that are affected by this biomass
can be the simplest and cheapest solution to reduce
unwanted levels of carbon dioxide. These findings are
consistent with Mediterranean and Central Asian
dryland studies, highlighting their broader relevance
for species selection in restoration and sustainable

land-use planning.
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