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Rangelands are one of the most important terrestrial ecosystems in terms of
carbon sequestration. In this study, the amount of carbon pool was measured
and compared during the year 2021 in the habitats of Haloxylon
ammodendron and Calligonum comosum in Mirjaveh plain, Sistan and
Baluchestan Province. The research was based on a completely randomized
design. Above and belowground biomass was harvested along 100 m
transects. In order to determine the soil carbon pool of plant species,
sampling was performed from three depths (0-15, 15-30 and 30-45 cm). The
amount of soil and plant organic carbon, bulk density and carbon storage of
plant and soil were measured. Data were analyzed using SPPSS.20. The
results showed that in both habitats, the highest and lowest amounts of
organic carbon and soil carbon pool were related to depths 0-15 and 15-30
cm, respectively. Results showed that in both habitats, soil carbon pool, bulk
density, and organic carbon had the maximum levels in the 0-15 cm soil
layer. In C. comosum habitat, Cp in the 0-15 cm depth was more than the
same soil depth in H. ammodendron habitat. For both plants, Cp in the
belowground biomass was significantly more than the aboveground biomass
(p<0.01). In particular, our study showed that C. comosum has more
potential to store carbon compared with H. ammodendron. The use of shrubs
in biological practices can increase the carbon pool in arid areas.
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Introduction

change (Shirzai et al., 2020). Consequently,

Carbon (C) stock in rangeland ecosystems
is an essential part of the global C cycle.
Statistics show that between 10-30% of
organic carbon (OC) in the world is stored
in rangelands (Feyisa et al., 2017; Hu et al.,
2020; Tessema et al, 2020). Thus,
rangelands have an essential role in
regulating the C cycle and global climate

studying soil C dynamics and its controlling
factors in rangeland ecosystems helps to
understand and evaluate the C cycle and
climate changes (Yang et al., 2020).

Since the beginning of the industrial
revolution in the mid-19th century, the
amount of CO; in the atmosphere has risen
from 280 to 365 parts per million and is
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expected to reach 600 parts per million in
the 21th century. This causes the annual
temperature of the earth to rise to 1- 4.5°C
(Shirzai et al., 2020). The amount of CO, in
the atmosphere has increased by about 31%
since 1750 due to use of fossil fuels and
soil degradation, which are the main
reasons for global warming and climate
change (Conant et al., 2017; Hashemi Rad
et al., 2018). In this regard, increasing C
pool (Cp) in plant biomass and sails is the
simplest and the most economically viable
solution to reduce atmospheric CO,
(Mohammadi et al., 2018).

In Iran, rangelands are of significant
socio-economic and ecological advantages.
Management  practices for rangeland
rehabilitation include techniques that
increase soil fertility, vegetation cover and
environmental conservation (Moghbeli et
al., 2021). Biological restoration in arid
rangelands can be utilized to increase C
levels in the soil, suggesting potential
strategies for Cp (Ghasemi Nejad Raeeni
and Sadeghi, 2018).

Although the accumulation of C in the
arid rangelands is low, if corrective
operations are carried out, the rangelands
can approximately absorb one billion tons
of OC, which is equivalent to about 20
million tons of oil (UNDP, 2000; Tessema
et al., 2020). Tree and shrub planting must
meet ecological and social needs and,
where appropriate, prevent wind and water
erosion (Ebrahimi et al., 2019).

In Iran, some studies have considered
the importance of biological practices as
suitable management tools for increasing
soil Cp and reclamation of degraded
rangelands. Souri et al. (2020) investigated
the C storage capacity of Artemisia sieberi
under the influence of exclusion and
livestock grazing in Kalat Sadat Abad area,
Sabzevar. Their results showed that the
exclusion area had more Cp than the
grazing area. Miri Panah (2017) studied the
amount of soil Cp in Mehran plain, llam.
The results showed that the habitat of
Prosopis juliflora had more Cp than the
habitat of Eucalyptus camaldulensis at soil

surface layers. For the plants, the maximum
Cp was measured in the stem and branches,
respectively.

The arid area of Mirjaveh is one of the
steppe  rangelands of  Sistan and
Baluchestan Province, Iran. Since 1990,
large parts of the area have been planted
with perennial plants to combat wind
erosion. However, little research has
focused on the impacts of biological
restoration of soil Cp in desert rangelands
in Iran. The objective of the study was to
determine the effects of biological
restoration using two native plants
Calligonum comosum L. and Haloxylon
ammodendron (C.A.Mey.) Bunge, on Cp of
the plant-soil components. In spite of
difficulty of measuring Cp of belowground
biomass for perennial species we have
implemented this measurement.  Our
hypotheses were: (1) Cp at belowground
parts of both plants is more significant than
aboveground parts, and (2) soil Cp in C.
comosum habitat is higher than that of H.
ammodendron habitat.

Materials and Methods

Study area

The area is situated in the East of Sistan and
Baluchestan (latitudes 29° 58" 12"-28° 55
03” N and longitudes 60° 08’ 03'"-61° 47’
05"E). The regional climate of the area is
dry (using Képpen method). The average
annual rainfall and temperature are around
30 mm and 22.60°C, respectively. The
mean elevation of the site is 858 m. The
region has an ordinary plain landscape,
covered with shrubs and bushes (Figure 1).
Wind erosion and land degradation are
common environmental challenges in the
region. The soil has sandy texture with
electrical conductivity (ECe) and pH
around 5.03 dS m™ and 8.66, respectively.
The soil calcium carbonate (CaCOs3) was
measured at around 388 g kg™. Soil in the
area is low in potassium (99 mg kg?) and
phosphorous (1.77 mg kg™*) content (Report
of Rangeland Improvement, Mirjaveh,
Sistan and Baluchestan, 2015).
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Figure 1. The location of sampling in Mirjaveh rangeland

Sampling method

We selected two habitats (pure stand of C.
comosum and H. ammodendron) that
underwent succession for 20 years
(artificial perennial plants). There was no
difference between topography, soil and
landscape features between the selected
areas. Data sampling (randomized complete
block design) was implemented in March
(2020) along the transect lines (100 m)
(Arzani and Abedi, 2015) within quadrats
(10mx10m). Six transect lines were placed
in a systematic random method and along
each transect within quadrats with 25 m
intervals, all aboveground biomass of each
species were removed and put into plastic
bags (24 samples). The aboveground parts
of the plants were oven-dried (70°C, 48 hr)
and weighed to measure the dry mass. In
order to measure the belowground Cp,
plant’ roots were sampled at five points (30
samples) along the transects under canopy
of plant species (within quadrats) using an
auger from depth 0-15 cm to 30-45 cm
(Mirlashkari, 2016). Root samples were
washed with tap water and then dried in
oven (70°C for 48 hr). Plant Cp was

measured by dry combustion method
(MacDicken, 1997). Soil samples (36
samples) were collected from three layers
(0-15, 15-30, 30-45 cm) at the beginning
and end of each transect. The soil samples
passed through sieve (0.16 mm) to remove
roots and debris. Volumetric ring method
used to determine soil bulk density (BD)
(Wu et al.,, 2010). Organic carbon was
determined using dichromate oxidation
(Nelson and Sommers, 1996). The soil
carbon pool was calculated using the
formula: Cp=BDxSOCxD (Deng et al.,
2013, Wang et al., 2014). In this formula,
Cp equals the soil carbon pool (kg m?); BD
indicates bulk density (g cm®); SOC shows
soil organic carbon (g kg ™), and D is depth
of soil sample (m).

Data analysis

Statistical analysis consisted of one-way
ANOVA and T-test (using SPSS. 18.0). We
used Kolmogorov-Smirnov test to check
data normality. The Levene’s test (p <0.05)
was used to check the homogeneity of the
data, and logarithmic transformation was
performed when necessary. Duncan
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multiple range test was performed to test
significant differences among Cp in soil
layers.

Results

Soil Cp

Results showed that OC, Cp and bulk
density among different soil layers of C.
comosum  habitat were significantly
different (p<0.01) (Table 1). A similar
result was obtained for the soil under cover
of H.ammodendron (p<0.05). The mean
comparison (Table 2) proved that in C.
comosum habitat, the 0-15 cm depth had
significantly higher OC (p<0.01), when
compared with the other two depths, but it

was not significantly different between the
15-30 and 30-45 cm layers. Bulk density
followed the same pattern. The Cp value
was the highest in the depth 0-15 cm, but it
had no significant difference between the
15-30 and 30-45 cm depths.

Mean comparison (Table 2) showed that
in habitat of H. ammodendron, OC and Cp
were greater in 0-15 cm depth compared
with the 15-30 and 30-45 cm depths. The
results proved that bulk density had
significantly higher values in the 0-15 cm
soil layer (p<0.05), compared with the other
two depths. The results showed more bulk
density in depth 0-15 cm compared with the
other two depths (Table 2).

Table 1. Analysis of variance of soil OC, Cp and bulk density at C. comosum and H. ammodendron

habitats
. . Mean -
Soil properties df squared F Sig
oC Between group 2 0.03 ok
c (%) Among group 15 0.002 3.12 0.00
. comosum
Cp Between group 2 53.28 303 000"
(ton ha®) Among group 15 576.45 ' '
Bulk density Between group 2 0.01 ox
(gcm?®) Among group 15 0.005 4.32 0.00
ocC Between group 2 0.02 *
(%) Among group 15 0.001 4.55 0.05
1 Between group 2 24.04 *
H. ammodendron Cp (ton ha™) Among group 15 245 3.80 0.05
Bulk density Between group 2 0.75 *
(gcm?®) Among group 15 0.05 4.89 0.05
S.0.V = Source of variations
*p<0.05, ** p< 0.01
Table 2. Soil Cp at C. comosum and H. ammodendron habitats
Soil depth Cp Bulk density
(cm) (ton hal) (gcm™)
0-15 0.30+0.022° 17.23+1.46° 1.72+0.57°
C. comosum 15-30 0.20+0.045" 12.16+2.21° 1.64+0.38°
30-45 0.19+0.40° 12.65+2.50° 1.69+0.054*
0-15 0.27+0.02? 15.14+1.64° 1.29+0.28°
H. ammodendron 15-30 0.20+0.02° 12.35+1.53" 0.69+0.21°
30-45 0.18+0.02° 11.42+1.51° 0.72+0.14°

*Means+ SE. Means with same letters are not significantly differences (p< 0.05).

Cp in plant biomass

Carbon pool in the aboveground and
belowground biomass is shown in Table 3.
It was found that C. comosum had
significantly higher belowground content of
carbon than Cp in the aboveground parts
(p<0.01). In general, Cp in belowground
biomass of C. comosum was significantly
more than the aboveground biomass (p<
0.01). The same result was found for

H. ammodendron. This result supported our
first hypothesis. It also demonstrated that
although Cp in aboveground biomass of
H. ammodendron was more than that of C.
comosum, there was no significant
difference between Cp of aboveground
biomass (p> 0.05) for the two species.
Belowground biomass of C. comosum
showed the highest Cp (p< 0.01).
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Table 3. Carbon pool (ton ha™) in aboveground and belowground parts of plant species

Cp of aboveground biomass

Cp of belowground biomass

Habitat (ton ha'l)
C. comosum 1.58+0.64°" 5.09+0.70%2
H. ammodendron 1.67+0.205P 3.62+0.5382

*Meanst SE. In each row different lower case letters show significant differences among Cp of above and
belowground biomass (p<0.05). In each column different capital letters show significant differences among Cp of

above and belowground biomass (p<0.05).

The comparison of soil Cp of plant
habitats is shown in Figure 2. The amount
of Cp was found to be significantly more in
0-15 cm depth of C. comosum habitat
(p<0.05) than the H. ammodendron habitat,
while no significant differences were seen

g

Cp
(ton hal)

= = = e |
OO RN O

0-15cm

B H. ammodendron

between 15-30 and 30-45 cm depths of both
habitats. In general, the soil under cover of
C. comosum had more Cp than the
H. ammodendron habitat which supports
our second hypothesis.

— =

15-30cm 30-45 cm
C. comosum

Figure 2. Soil Cp (ton ha™). Different capital letters indicate significant
differences between soil depth. Values represent mean and standard errors

Discussion

This study showed that the highest amount
of Cp belonged to the topsoil of both
habitats and with increasing soil depth, the
amount of Cp decreased significantly. High
canopy cover, litter and, more root volume
in this soil layer led to increased Cp in the
surface depth (Kamali et al., 2020; Shirzai
et al., 2021). Woomer et al. (2004) stated
that more than 60% of soil C s
accumulated at the depth of 20 cm.

Ghasemi Nejad Raeeni and Sadeghi
(2018), studied of Cp in the soil of Z.
atriplicoides and Gymnocarpus decander
habitat, and found that the highest Cp was
related to the depth 0-15 cm soil. The high
amount of Cp at a depth 0-15 cm may be
caused by the fact that most of the soil
organic matter derived from decomposition
of dead roots as well as conversion of
microbial biomass to organic matter occurs
at this depth (Dianati Tilaki et al., 2009).
Yang et al. (2020) noted that litter and plant

roots are important in increasing soil C
storage. The researchers reported that high
C storage in the topsoil was due to
mycorrhizae and carbohydrate secretions
from the plant roots and litter in the soil
surface. Hu et al. (2020), in a study on the
effects of litter decomposition on soil Cp in
the China plateau stated that the addition of
plant litter and root carbohydrate secretions
significantly increased C to the soil.

Soil Cp is positively correlated with
bulk density (Hill et al., 2003). In their
research, Garten and Charles (2020) stated
that soil bulk density is one of the crucial
factors in estimating soil Cp capacity. In the
present study, the bulk density at depth O-
15 cm was more significant than the bulk
density at depths 15-30 and 30-45 cm. The
soil bulk density is a relative characteristic
that plays essential role in estimating the
amount of soil C storage (Shirzai et al.,
2020). The soil with a higher bulk density
has a higher C content; as in fact, the bulk
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density consists of the weight of solid
particles and solutes in soil's pores (Ponce
Hernandez et al., 2004; Tessema et al.,
2020).

The results showed that the amounts of
Cp in the belowground biomass were
higher than the aboveground part. This can
be attributed to the high amount of woody
tissue of the roots compared to the
aboveground parts of the plants (Capuana,
2020; Rigi Pardad, 2021). In arid
rangelands, the belowground biomass of the
plants has the highest share of total biomass
while aboveground biomass has a small
proportion of the plant biomass (Foroozeh
et al., 2008; Joneidi Jafari et al., 2013). The
roots system in C. comosum and
H. ammodendron is thick with woody
tissues (Mirlashkari, 2016; Rigi Pardad,
2021). Plant organs with woody tissue have
a more remarkable ability to store C
(Lashani Zand et al., 2016; Tessema et al.,
2020; Motamedi et al., 2020). In this
regard, other studies have acknowledged
that with higher ratio of woody tissues in
the plants, their ability to uptake C
increases (Tessema et al., 2020; Motamedi
et al., 2020). Increasing the share of the root
increases C entrance into the soil
(Moghbeli, 2016). Mirlashkari (2016) cited
that Cp in the Z. eurypterum was higher in
the roots than the shoots. The type of plant
species and even different organs of a plant
have different potentials for Cp. The
performance of plants to store C is a
function of various factors such as
morphological traits, including plant root
height, canopy cover, plant density, plant
distribution pattern, topographic
characteristics,  soil  properties  and
management factors (such as livestock
grazing and rangeland exclusion) (Post and
Kwon, 2000; Conti and Diaz, 2013;
Mirlashkari, 2016). Expansion of
vegetation cover will reduce and modify the
amount of CO, in the atmosphere by
increasing  photosynthetic  levels  and
eventually increasing the level of C uptake
(Souri et al., 2020). Mirlashkari (2016), in
the investigation of the impacts of
exclusion on the soil Cp in Jonabad
rangeland, Zahedan, Iran, reported that Cp

was higher in the site with more vegetation
biomass than the grazed site.

The results showed that C. comosum has
more OC storage capacity in the soil of the
study area than H. ammodendron. One of
the reasons for the high soil Cp in the
habitat of C. comosum can be the high
volume of the root of this plant species
compared to H.ammodendron. Total Cp
has a positive and significant relationship
with total aerial biomass, total underground
biomass, amount of plant litter, and SOC
(Honda et al., 2000). The results of the
study by Zimming et al. (2012) on
rangeland carbon assessment showed that
Cp in the soil is strongly influenced by
management, climate change, and soil
properties. It is interesting to note that the
production and decomposition of plant can
affect ecosystem function (Windham, 2001)
and consequently, affect carbon input to the
soil (Tessema et al., 2020). The high C
input derived from high root biomass in
rangelands can increase soil organic matter
content, as an essential factor for increased
SOC (Farage et al., 2004). Therefore,
increasing the efficiency and root inputs in
rangelands is important in increasing Cp
(Tessema et al., 2020). Kuzyakov (2002)
noted that more belowground biomass
protects soil microbial community and
metabolic activity, due to contribution to
the soil’s organic matter decomposition and
C input.

Conclusion

The results showed that restoration
practices using C. comosum greatly
enhanced the C stock capacity compared
with H. ammodendron and resulted in Cp
enrichment in Mirjaveh rangeland. Carbon
storage capacity varied based on the plant
species, plant organs and soil depth. The
results showed that the Cp in the roots of
both plants was higher than the
aboveground parts. The results also
indicated that C. comosum has more Cp
capacity in the soil of the study area than H.
ammodendron. Overall, we suggest that
more investigations are needed on the C
stock potential of arid rangelands when
designing biological practices. The impacts
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of plant species and improvement practices
on C storage need to be investigated. Soil
sampling to greater depths need to be
considered. The methods to stabilize C
stored in the soil and their effects need to be
studied so that C is not easily released into
the atmosphere via soil disturbance.
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