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Abstract. Rangelands rehabilitation have a high priority for improving the environment and
mitigating climate changes in comparison to natural rangelands. This study was conducted to
compare carbon sequestration in soil and phytomass between land uses of rangeland and
irrigated agricultural farms in Mahallat, Markazi province, Iran. The soil was sampled by
setting profiles (17 Land uses) in two depths of 0-15 cm and 15-30 cm. In the both land uses,
three 50 m transects were established with four 2x2m plots sampled in each transect with
random distances. Soil samples were taken from center of each transect. The contents of
aboveground and underground biomass carbon, litter carbon and soil organic carbon were
determined (in summer 2017). Percentage of organic carbon of plants and soil samples was
measured in the laboratory. Soil bulk density, texture, acidity and electrical conductivity were
determined. The carbon sequestration in phytomass and soil between rangeland and cropland
was compared using independent t-test. Result showed significant effect of carbon
sequestration in phytomass, Litter (P<0.01) and soil (not Significant) between rangeland and
cropland land uses. Total carbon sequestration in rangeland ecosystem (59471 kg/ha) was
higher than carbon sequestration in cropland (53314 kg/ha). Therefore, despite the lack of
irrigation and fertilizer inputs, the amount of carbon sequestration in rangeland was higher
than the cropland in the region.
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Introduction
The global rise in concentration of
atmospheric carbon dioxide along with
other greenhouse gases are related to
consumption of fossil  fuels, cement
productionand land use changes. In
agriculture, burning of  phytomass,
drainage of wetlands, application of
chemical fertilizers and tillage are amongst
the most important factors in the increase
of greenhouse gases (Lal, 2002).
Improvement of rangeland management
could have a considerable role in the
decrease of carbon dioxide emission
(Morgan et al., 2010). Information on soil
aggregation, soil organic carbon (SOC)
stabilization and use in determination of
rangeland capacity helps to long-term
sequestration of carbon in the soil (Ahmadi
et al., 2013; Ramesh et al., 2019). Soil
type and properties, vegetation, climate
and weather conditions as well as
management  practices all have a
considerable effect on the carbon fluxes
and balances of agroecosystems (Heimsch
et al., 2020). Decrease in atmospheric CO>
and carbon sequestration in soil and
vegetation can decrease the rate of climate
changes and global warming. There are
global efforts to confront the climate
changes, including application of clean
energies,  carbon  sequestration  in
agricultural ecosystems, rehabilitation of
deforested forests and afforestation in arid
and semi-arid regions and agroforestry
(Hasangholi-Pur et al., 2019; Bai et al.,
2020). Carbon sequestration acts as a
process in which atmospheric CO2 is
stored in  vegetation  tissues  as
carbohydrates. Then, some part of it
changes in litter carbon and organic carbon
and stores in the soil (Abdi, 2006).
Rangelands are the largest natural
ecosystem in lIran that covers about 54%
areas of the country (Ariapour et al., 2016)
and rangeland management helps carbon
sequestration by storing carbon in biomass
and organic matters of soil (Derner et al.,
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2007). Soils of the world’s agroecosystems
(croplands, grazing lands, rangelands) are
depleted from their soil organic carbon
(SOC) pool by 25-75%, depending an
annual average on climate, soil type, and
historic management. The magnitude of
loss may be 10 to 50 tons C/ha. Soils with
severe depletion of their SOC pool have
low agronomic vyield and low use
efficiency of added input. (Lal, 2011).

Soil organic carbon (SOC) is one part
in much larger global carbon cycle that
involves the cycling of carbon through the
soil, vegetation, ocean and the atmosphere
(Lefevre et al., 2017). The amount of SOC
in the topsoil of rangelands is higher than
that of farms and therefore, there are
higher amounts of carbon sequestration in
rangelands than farms (Parsamanesh et al.,
2015). Organic matter in the soil is an
important source of nutrition for plants and
can increase the integrity of soil, decrease
its erosion and increase the capacity of
Cation exchange and water retention
(Conant and Paustian, 2002). Total carbon
sequestration in Astragalus rangelands in
Shazand, Markazi province was 32950
(Kg/ha). About 87% of total carbon
sequestration was stored as organic carbon
in the soil. Distribution of organic carbon
indicated that carbon storage in aerial
biomass of the plant was higher than roots
(Abdi et al., 2008). Therefore, reclamation
of rangelands degraded by overgrazing
may potentially result in atmospheric
carbon sequestration (Conant and Paustian,
2002). The results of a study in the area of
Hossein Abad educational-research station
in the west of Shiraz, Fars province, Iran
showed that concentration of carbon in soil
in substratum of Amygdalus (Amygdalus
scoparia Spach) was higher than
concentration of carbon in soil located in
substratum of grape plants (Vitis vinifera
L.), and biomasses of grape plants and
Amygdalus were able to store an annual
average of 30.55 and 5.88 (Kg/ha) of total
organic carbon, respectively. Potential of
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carbon sequestration in the soil of grape
plants and Amygdalus were estimated
271400 and 354100 (Kg/ha) in duration of
33 and 20 years, respectively (Ghanbarian
etal., 2015).

Rangeland ecosystems have a high
potential for carbon sequestration. That is
due to their vast area which encompasses
half of the terrestrial lands of the world
and their carbon storage is 10% of total
stored carbon in terrestrial biomass and
30% of organic carbon of the soil. In
global scale, rangelands sequestrate 500
billion tons of carbon annually. On the
other hand, arid lands cover 45% of the
terrestrial lands and despite the low
content of organic carbon in their soil,
these areas contain 16% of total storage of
carbon in the soil throughout the world.
The input of organic carbon to arid
ecosystems is low. However, these areas
may have high potential in sequestration
and storage of carbon. This demands to
increase the input of organic carbon into
soil and decrease the decomposition and
waste of carbon content in the soil with
proper management (Badehian and
Mansouri, 2017). This research was aimed
to compare the amount of carbon
sequestration between two land uses of
agriculture and rangeland in an
international project of carbon
sequestration in  Mabhallat, Markazi
province, Iran.

Material and Methods

Study area

The Gal-Cheshmeh rangeland in the
Markazi Province, Iran include an area
about 31000 ha and is located in 30 km
Southeast of Mahallat (50° 19" 56" to 50°
39" 26" E and 33° 38" 47" to 33°48" 23" N)
in central Iran (Fig. 1). This area is
selected for international project of carbon
sequestration. The elevation ranges from
1550 m to 2300 m above sea level. This
project was conducted to enhance local
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people's role in the control of
desertification, especially in southern parts
of Markazi province, Iran. This place was
chosen for the implementation of project
of carbon sequestration due to such
problems as erosion, poverty and
migration because of desertification. The
area has a great potential of water and soil
resources and local people participated and
full support of decision makers from the
project of carbon sequestration. Gal-
Cheshmeh with an area encompass Yeke-
Chah, Jamal-Abad, Judan, Chehel Roz,
Jordijan, Tutak, Erghadeh and Gal-
Cheshmeh with population of 1500
individuals. There are 13517 sheep
(Farahani) and goats (Najedi and Lori)
and 114 cows (Golpayghani and Holstein)
races. The minimum elevation above sea
level is 1550 m in Arghadeh region and the
highest elevation is 2300 m in Gal-
Cheshmeh. There is a plantation of
seedlings of Amygdalus scoparia, Rosa
damascena with an area of 15 ha.
Moreover, there are a germplasm of 20000
seedlings ~ of  Atriplex  canescens,
Zygophyllum atriplicoides in the area that
were planted by participation of local
people. These are among the most
important actions performed in the
international project of carbon
sequestration in this area.

Average characteristics of vegetation,
litter and soil of aforementioned
rangelands were considered as rangeland
work unit. To evaluate the carbon
sequestration in agricultural ecosystems,
three farms in the vicinity of Chehel-Raz
and Yekeh-Chah villages were chosen.
During the sampling period (summer
2017), these farms were under rotation and
cultivation of fallow barley and Rosa
damascena (for 3 and 6 years old).
Average characteristics of the studied
farms were considered as agricultural work
unit.
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Fig. 1. Location of the study area

Research Methods

After  primary identification  and
delineation of the study area, work maps
were produced. To investigate the amount
of carbon sequestration in rangeland and
croplands in Mahalat, seven rangelands
around villages of Chehel-Raz, Yekeh-
Chah, Jamal-Abad and Gal-Cheshmeh
with vegetation types of Artemisia sieberi
- Scariola orientalis - Astragalus
gossypinus, Artemisia sieberi -
Acantholimon  bracteatum,  Artemisia
sieberi - Euphorbia decipiens were
selected. These rangelands were under the

continuous or heavy grazing, moderate
grazing, low grazing, and restoration with
three species of Atriplex canescens,
Zygophyllum atriplicoides and Amygdalus
scoparia, respectively.

In each vegetation type of rangeland or
in each farm, three transects with 50 m
length were established. In each transect,
four plots of 2x2 m with random distance
were sampled. In each plot, species
composition and vegetation cover percent
was identified. In order to measure the
aerial biomass, the aboveground biomass
cut and weighed to calculate total aerial
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biomass for each plot. To measure the root
biomass of dominant plants in rangelands
(Artimisia sieberi, Astragalus gossypinus,
grasses, Atriplex canescens, Zygophyllum
atriplicoides Amygdalus scoparia) and
crops in farms (Hordeum vulgaris and
Rosa damascena), for each dominant
plant, three samples with small, medium
and large sizes were taken by digging the
soil around the roots and extraction of all
of the roots from the soil.

Moreover, existing evidence in the area

(such as roots of present species in
trenches located in the plan area) was used
to increase the precision of estimation of
the ratio of root biomass to aerial biomass.
To determine percentage of aerial and root
dry biomass, samples of dominant
vegetation were cut and weighed and put
in paper bags.
In the laboratory, samples were put inside
the oven (with temperature of 75°C for 24
hours) to dry and the dried weight was
measured for each sample.

To determine the amount of litter in
each plot, based on available litter, all or at
least one-fourth of the litters in each plot
was collected and weighed. In measuring
root biomass, all soils were sampled to a
minimum depth of 30 cm, core sampling
was done to determine root biomass in the
0-30cm  soil depth, and included
consideration of precision needs, the
availability of data on root distributions for
the species being inventoried, soil depth,
texture and stoniness (MacDicken, 1997).
The sampling method of vegetation cover
and soil (in two 0-15cm, 15-30cm) was
systematically randomized and samples
were collected from 15 every 2m? plots
along 3 transects (50m), totally, 102 plots
from work units of rangeland and
agriculture were evaluated.

In laboratory, soil texture was studied
by applying Bouyoucos Densimeter
method, which is based on the theory of
changes in special weight (weight per unit
of volume) of mixture of soil and water
during sedimentation (Zarinkafsh, 1993).
Bulk density of soil was determined by

Derakhshan et al. / 25

soil mass method (g cm™). Soil acidity was
measured using Potentiometric method
with application of electronic pH meter.
Electrical conductivity (EC) of soil was
measured by electronic EC meter.
Percentage of soil organic carbon (SOC)
was measured by Walkley-Black method.
To calculate the carbon sequestration,
(kg/ha) the following equation was used
(Badehian et al., 2015):

Cs = 1000 X %0C x Bd x E  Equation
1

Where: Cs: organic carbon (kg m2),

Bd: Soil bulk density (g cm™),

OC: percentage of organic carbon,

E: depth of soil sampling (cm)

To determine the carbon exchange
coefficient in litter and phytomass
samples, all of the samples obtained from
stem, branch, root and litter were put
inside the oven with temperature of 75°C
for 24 hours. To measure the percentage of
organic carbon in samples, the method of
burning using electric furnace was applied.
To do so, samples were dried, ground and
three subsamples with 3 g weight were
taken. Samples were weighed and put
inside the furnace for 3-4 hours at
temperature of 550°C. Burned samples
were dried in a desiccator and then
weighed. Weight of ash, primary weight
and ratio of organic carbon to organic
matter were input in equation (Hasangholi-
Pur et al., 2018) to calculate the amount of
organic carbon in each organism of
dominant plant species and litter,
separately (MacDicken 1997; Abdi, 2005).

oC = %OM Equation 2

Where:
OC=0rganic carbon,
OM=0rganic matter,

To determine the indices of carbon
sequestration in rangeland and cropland in
the study area and organic carbon storage
in the soil, the storage of carbon in aerial
phytomass, roots and litters and total
sequestrated carbon in each plot were
measured.
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Data analysis

In order to perform the statistical analyses,
the normality of the data was tested by
applying Kolmogorov-Smirnov test. The
homogeneity of variances was tested by
Leven test. To compare total carbon
sequestration and partial sequestration
(sequestration in soil, biomass and litter)
between rangeland and cropland, T-test
was applied. All the statistical analyses
were performed by SPSS (V. 24.0).

Results

The investigation of soil characteristics in
the study area (Table 1) indicated that for
the soil texture there was no difference
between two lands uses (Rangeland and
Agriculture) and both were sandy-loam
type. The percentage of saturated humidity
in agriculture land use increased from the
topsoil to the lower layers of the soil.
However, in rangeland land use,
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percentage of saturated humidity was
higher in the topsoil. Bulk density was not
significantly different between two land
uses. Amount of lime and soil acidity was
slightly higher in the agricultural land use.
The EC was substantially higher in
agricultural land use in comparison with
rangeland land use.

Results of mean comparisons of soil
carbon sequestration between rangeland
and agriculture land uses are presented in
Table 2. These results indicated that
carbon sequestration was not significantly
different between two studied depths in
two land uses of rangeland and agriculture.
Moreover, maximum and minimum
amount of carbon sequestration occurred
in the second depth of rangeland land use
with 30746 kg/ha and the second depth of
agriculture land use with 21703 kg/ha,
respectively.

Table 1. Physical and chemical characteristics of soil in the study area

Treatment Soil depth EC pH CaCOs3 Bulk density Soil moisture Soil texture
(cm) (dsm™) (%) (gem3) (%)

Cropland 0-15 2772 7.63 46.60 1.87 24.93 Sandy loam
15-30 1956.60 7.61 47.85 1.88 26.24

Rangeland 0-15 580.70 7.52 44.80 1.82 22.50 Sandy loam
15-30 443.20 7.53 4453 1.78 21.70

Table 2. Comparison of carbon sequestration in soil in two depths in rangeland and cropland by applying

independent T-test

Soil depth(cm) Treatment Soil carbon (kg/ha) SE DF t Sig.
_ Cropland 25767.00 242.44
Topsoil 0-15 Rangeland 28276.80 20753 43 -0.5%6 0.82
. Cropland 21703.50 186.79
Subsoil 15-30 Rangeland 30746.10 228.07 43 204 0.43"
"S = Not significant SE=Standard error
Mean SOC between rangeland and cropland. Moreover, maximum and

cropland land uses is presented in Table 3.
These results indicated that SOC was not
significantly different between 0-30 cm
depths in two land uses of rangeland and

minimum amounts of SOC occurred in
rangeland land use with value 59022 kg/ha
and of cropland land use with value 47470
kg/ha, respectively.

Table 3. Comparison of Organic Soil Carbon in soil rangeland and cropland land uses using independent T-test

Soil depth (cm) Treatment Soil carbon (kg/ha) SE d.f. t Sig.
Cropland 47470.50 408.58
0-30 Rangeland 59022.90 20807 B 139 0.811%

"S = Not significant
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Mean carbon sequestration in aerial
biomass, litter and underground parts of
plants were significantly different between
rangeland and cropland land uses. Amount
of carbon sequestration in aerial and
underground biomass and litter was higher
in cropland than rangeland (Table 4).
Results of mean carbon sequestration
comparison  between  cropland and
rangeland are presented in Table 5. Results
showed that despite the fact that carbon
sequestration in phytomass and litter in
cropland were higher than those of
rangeland, total carbon sequestration was
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carbon sequestration in rangeland and
cropland were 59471 and 53314 kg/ha,
respectively.

Estimation of carbon sequestration in
rangeland and cropland (Fig. 2), showed
that total carbon sequestration in cropland
was determined to carbon sequestrations in
litter (1.82%), phytomass (9.14%), subsoil
(48.33%) and topsoil (40.71%). However,
in rangeland, total carbon sequestration
was determined as 0.2% in litter 0.56% in
phytomass, 45.55 % in topsoil and 51.70%
in the subsoil. Therefore, phytomass in
rangeland had a less important role in

not significantly  different  between
cropland and rangeland. Amounts of

carbon sequestration than phytomass in
cropland (Fig. 2).

Table 4. Comparison of carbon sequestration in aerial and underground phytomass and litter between rangeland
and cropland land use using independent T-test

Phytomass Treatment Carbon (kg/ha) SE d.f. t Sig

Aerial Cropland 1592.10 30.03 43 3.757 0.00™
ena Rangeland 260.10 2.43

Und d Cropland 3283.50 80.88 43 3.387 0.00™
naergroun Rangeland 70.20 0.78

Total (Aerial+ Underground) érﬁgg?;ndd 43837055600 1%00'26 43 3:509 0.00

Litt Cropland 968.50 21.86 43 3.314 0.00™
Iter Rangeland 118.40 0.61

**= Means of square are significant at 1% probability levels

Table 5. Comparison of carbon sequestration in phytomass and soil between rangeland and cropland land uses
using independent T-test.

Ecosystem component Treatment Carbon (kg/ha) SE d.f. t Sig
Sows LB B oo
SolswB S g oo
Sols g ES o oo
Seme S R o om0

** NS = Means of square are significant at 1% probability levels and non-significant
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Fig. 2. Total carbon sequestration in soil, Phytomass and litter in cropland and rangeland land uses

Discussion
Lal (2002) reported that the importance of
carbon sequestration in the soil is
described as a win-win situation. That is
because of the removal of carbon dioxide
from the atmosphere and benefits from
increase of carbon in the soil such as
increase in the cation exchange capacity,
soil productivity, water retention capacity
and decrease in soil erosion. Batjes (2019)
showed that reported potentials for
sequestration of carbon in soils of
agricultural lands are overly optimistic
because they assume that all degraded
cropland and grassland can be subjected to
best management practices. The results
showed that the carbon sequestration of
phytomass (both above ground and
underground) in rangeland was
significantly lower than cropland. In
contrast, the carbon sequestration of soil in
rangeland was significantly higher than
cropland (Table 5). The lowest amount of
carbon was observed in cultivation of
barley. According to (Chambers et al.,
2016) in USA, (Nosetto et al., 2006) in the
northwestern Patagonia of Argentina and
(Gebregergs et al.,, 2019) in Ethiopia,
concluded that organic carbon is reduced
by changing the use of rangeland to
agriculture land uses.

The results showed that that total
carbon sequestration in rangeland (59471

kg/ha) was  higher than  carbon
sequestration in cropland (53314 kg/ha)
(Table 5). In Iran, in some studies in the
semi-arid rangelands such as: Sisab
Bojnourd, Khorasan province (Naghipour
et al., 2009), Maranjab desert region of
Aran-0-Bidgol (Ahmadi et al., 2015),
Malmir rangeland of Shazand region,
Markazi Province (Abdi et al., 2008),
Gorgou Summer rangelands, Kohgiluyeh
and Boyer-Ahmad Province (Farazmand et
al., 2018) and in South Khorasan province
Tavakoli (2016) to determine soil organic
carbon, concluded that organic carbon was
reduced by changing the land use of
rangeland to cropland.

The result of carbon sequestration rate
in the topsoil and subsoil of agriculture
farm showed that the higher amount of
carbon sequestration in the topsoil in
agriculture land use than the subsoil that
was in agreement with the finding of Abdi
(2005) (Table 2). This is due to positive
effect of return of the plant remaining to
soil and application of animal manure in
the studied farms. Therefore, despite the
fact that plowing during years has mixed
the soil in the depth of 0 to 30 cm, increase
of organic carbon in depth of 0 to 15 cm in
comparison with amount of SOC in depth
of 15 to 30 cm indicated that cultivation of
Damask rose as a stable and covering plant
improved the organic carbon in the soil
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more than cultivation of summer crops and
cereals.

In rangeland, amount of organic carbon
in the depth of 0 to 15cm with value of
28276 kg/ha was lower than subsoil (depth
15 to 30 cm) with value of 30746 kg/ha
Table 2). This indicated the dominant
erosion of wind and water in the area
resulted in the decreased organic matter
and carbon in the topsoil, Gaikani and
Abdi (2011) in investigation land use
management in Meighan Playa, Iran came
to the same conclusion. The surface
erosion of soil was evident in the study
area and was one of the reasons in the
selection of the study area for the
international project of carbon
sequestration. This erosion could be due to
overgrazing by livestock in the study area.
In the parts of rangeland where restoration
has been done by planting adaptive
species, there was a significant increase in
phytomass in relation to areas under free
grazing by livestock. Therefore, it could be
expected that in the coming vyears, the
process of return of the plant remaining to
the soil leads to increase in carbon in the
surface layer of the soil.

Comparison of carbon sequestration
between aerial and underground plant
biomass in rangeland land use, indicated
that the amount of carbon sequestration in
aerial biomass was higher than root
biomass (Table 4). Findings of several
studies reported the excess of carbon
sequestration in aerial biomass than root
biomass in rangeland plants (Abdi et al.,
2008; Derner et al., 2019). In contrast, for
crop lands of cultivated alfalfa, barley and
Damask rose, mean of carbon storage in
root biomass was higher than the carbon
storage in aerial biomass (Table 4). This
could be due to that in the aerial organs
remains of alfalfa, barley and Damask rose
and plowing the fallow farms which
resulted in limitation of aerial biomass
growth or removal of parts of total
produced biomass because of pruning and
harvest. Moreover, the results of this study
indicated that agricultural land use had
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more amount of litter in comparison with
rangeland; Lack of litter in rangeland was
due to low vegetation cover and grazing by
livestock, which decreased fall of aerial
biomass and production of litter. However,
litter production and plant remains were
high in croplands of Rosa damascena.
During the harvest of crops, high amount
of vegetation remains as stubble and straw
on the surface of the lands consisting litter.
Avoidance of vegetation burning of
remains or overgrazing in the areas could
be a direct increase in carbon sequestration
in litter and soil, and avoidance of wind
and water erosion.

As it was aforementioned, occurrence
of wind and water erosion was evident in
the study area. Soil erosion was one of the
most important factors in waste of SOC
storage. In agriculture land use considering
the application of inputs such as irrigation
and animal manure, amount of biomass
production per year was higher than
rangeland which does not have access to
this input.

Abdi (2006) showed that in cropland
use, considerable amount of biomass is
added to soil as litter and rotting roots,
which ultimately results in an increase in
SOC. Regarding the fact that cultivation of
Rosa damascena is undergoing in project
of carbon sequestration in Mahallat, it is
expected that increase in aerial biomass
and roots and decrease in erosion improve
the sustainable conditions in croplands of
the area.

As it is shown in Tables 4 and 5,
phytomass in rangeland land use played a
less important role than cropland land use.
Amount of dried aerial biomass in
cropland land use (1592 kg/ha) was
significantly higher than the amount of
biomass in rangeland land use (260 kg/ha).
Total carbon sequestration (including
stored carbon in soil, biomass and litter) in
cropland land use were higher than
rangeland land use. However, this
difference was not statistically significant.

In the project area of carbon
sequestration in Mabhallat, the area of
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rangelands is 14300 ha (45%) and area of
farms is 516 ha (1.6%). Therefore,
considering the fact that the area of
rangeland is 28 times the farms, rangeland
plays a more important role in carbon
sequestration. Studied rangelands consisted
of five patches with different management
practices, including natural and restored
rangelands under three grazing conditions
(overgrazing, open grazing and exclosure
sites). Mean of carbon sequestration in all
of these patches was used for comparison
with rangeland and cropland land uses.
Based on the amount of carbon in aerial
biomass in natural rangelands (225 kg/ha),
under grazing rangelands (133 kg/ha) and
in exclosure rangelands (443 kg/ha), the
exclosure rangelands showed better
efficiency in  carbon  sequestration.
Therefore, restoration of rangelands with
species such as Atriplex canescens,
Zygophyllum atriplicoides and Amygdalus
scoparia had a positive effect on increase
of aerial biomass. This is expected that
continuation of restoration, control and
preservation of restored rangeland lead to
increase in total carbon sequestration in
rangeland ecosystems and therefore, the
goals for international project of carbon
sequestration in Mahallat are met.
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