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Abstract. In recent years, rangelands have been regarded as potential carbon sinks. One
of the most widely suggested options to sequester more C in rangelands is the restoration
of the degraded rangelands through grazing the exclusion. In present study, the effects of
exclusion on the carbon sequestration of Gomishan rangelands were investigated. Three
transects were established in a key area inside and outside the exclosure. In each transect,
ten plots were established systematically and in each plot, the number of plant individuals
for each plant species was recorded and used to estimate the density of each species per
unit area. In order to estimate the plant biomass, a few individuals of each species were
sampled by the clipping and weighing method. The carbon content of aerial and root
biomass were obtained by the combustion of 10 g of oven-dried samples. Five soil samples
at the depths of 0-10 and 10-20 cm were taken along each transect and then, transported to
the laboratory. The soil organic carbon percent was determined by the Walkley—Black
method. Plant data analysis was performed by one way analysis of variance (ANOVA) and
Tukey test. The rate of soil carbon sequestration inside and outside the exclosure was
compared using the independent T test at significance level of 1%. Finally, the economic
benefit of sequestrated carbon was estimated. The results revealed that the response of
plant and soil carbon storage to the exclosure in Gomishan rangelands was positive and
there was a significant difference between exclosure and grazing areas for the stored
carbon of plant biomass and soil. After a 20 year exclosure, the value of carbon
sequestration per hectare in Gomishan rangelands was estimated as 14743 $/h. It can be
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argued that the education and extension of carbon sequestration in Iran will offer new

incentives to restore the degraded rangelands.
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Introduction

Atmospheric CO2 concentration has
departed from the narrow window of 180
to 280 ppm to the current 370 ppm for the
first time in 420000 years (Petit et al.,
1999). In 2014, the mean annual
concentration of CO; in the atmosphere
was 397 ppm (NOAA, 2014). There is
absolute certainty that this departure is
being driven by human activities that
result in CO2 emissions from fossil fuel
combustion, land use changes and cement
production (Houghton et al., 2001). Soils
hold Carbon over three times as much as
the atmosphere (Lehmann and Joseph,
2009) more than the Earth’s vegetation
and atmosphere and have the capacity to
hold much more Carbon (Lal, 2004). C
stocks in the terrestrial ecosystems have
been greatly depleted since the beginning
of the Industrial Revolution (Fig. 1) with
the changes in land use and deforestation
responsible for the emission of over 498
Gt of CO; to the atmosphere (IPCC,
2000), approximately half of which has
been lost from soils (IPCC, 2000; Lal,
1999). Each ton of C stored in soils
removes or retains 3.67 tons of CO; from
the atmosphere. Concerns about the
effects of the radiative forcing of CO:
and other human driven greenhouse gas
emissions on the climate system have
brought the United Nations under the
Framework Convention on Climate
Change and associated Kyoto Protocol to
initiate  what has become the most
complex international negotiation ever a
single environmental issue: human
induced changes on climate patterns and
variability. A second concern is the
potential effects of altered climate and
atmospheric  composition on  the
terrestrial and aquatic  ecosystems,
particularly ecosystem services such as
net primary production and water quality

and quantity which human societies rely
upon for their welfare and development
(Canadell, 2002).

Carbon sequestration in terrestrial
ecosystems (lithosphere) is defined as the
ability of trees, other plants and the soil
to absorb carbon dioxide from the
atmosphere and store it as carbon in
wood, roots, leaves and soil (Rice et al.,
1994). Carbon sequestration synthetic
method is expensive and in U.S.A, its
costs were estimated around 100 to 300 $
per ton of carbon (Finer, 1996;
Varamesh, 2009). While such untested
technologies as geologic and deep ocean
sequestration schemes have been proved
to be physically possible, the economic,
environmental and social costs associated
with these technologies remain uncertain.
For the immediate future, sequestration in
terrestrial ~ ecosystems  via  natural
processes remains the viable and ready to
implement options and is regarded as one
of the most cost effective processes
(Fynn et al., 2010).

Rangelands comprise the largest
and most diverse land resource in the
world (Reeder and Schuman, 2002) and
cover more than 50 percent of the land
surface area of Iran (Eskandari et al.,
2008) and up to half of the land surface
area worldwide (Lund, 2007). Because of
rangelands extent, a small change in soil
carbon (C) stocks across rangeland
ecosystems would have a large impact on
greenhouse gas (GHG) accounts (Follett
et al.,, 2001). In rangelands, low and
highly variable precipitation inputs
constrain the plant productivity limiting
the economic alternatives to the grazing
activities where irrigation is not feasible
(Noy-Meier, 1973). The traditional
management of these rangelands often
associated with stocking density over the
carrying capacity has resulted in floristic



and physiognomic changes, losses of soil
organic carbon, increase of bare soil and
eventually, desertification (Golluscio et
al., 1998; Lal, 2002). Restoration
attempts have been hardly implemented
because the low economic return per unit
area of these systems makes them a risky
investment (Glenn et al., 1998). The
emergence of a prospective carbon
market as a tool to promote carbon
sequestration and offset the increasing
atmospheric carbon dioxide concentration
may offer new incentives to restore the
degraded rangelands, especially in those
places where land degradation has led to
a decline in the economic yields (Prince
etal., 1998). Mahdavi et al. (2011)
stated that if we compare the value of the
carbon sequestration of Iran steppes
(13.66x10$) with that of the produced
forage of the grasslands all over Iran
(5350%x10°$), we will gain the economic
appreciation of the carbon sequestration.
One of the most widely suggested
option to sequester more C in rangelands
is the rangeland restoration by grazing
exclusion (Nosetto et al., 2006). Studies
of grazed soils worldwide have shown
both increases (Schuman et al., 1999;
Reeder et al.,, 2004) and decreases
(Derner et al., 1997; Yong-Zhong et al.,
2005) in carbon storage and accumulation
as compared to the adjacent non-grazed
soils. Milchunas and Lauenroth (1993)
conducted a review of 34 studies
involving the grazed and non-grazed sites
around the world and found that 40% of
them reported a decrease and 60%
reported an increase in soil carbon as the
result of grazing exclusion. Since carbon
sequestration rate is a function of plant
species and their growth characteristics,
physiological and biological conditions
of the soil, previous storage of carbon in
the soil, restoration and management
method, climatic conditions, especially
precipitation rate and soil properties,
environmental response to the changes in
rangeland management in terms of
carbon sequestration vary in different
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regions (Derner and Schuman, 2007; Post
and Kwon, 2000; Schuman et al., 1999).
Other studies show that certain grazing
management practices such as rotational
grazing and moderate stocking rates can
greatly improve the rangeland ability to
sequester carbon effectively (Conant et
al., 2001; Schuman et al., 2001).
According to Raiesi and Riahi (2014),
there is increasing evidence that soil
organic C storage and turnover rate are
influenced by herbivores and grazing
management practices in the rangeland
ecosystems and a significant change in
the abiotic and biotic factors following
extensive grazing would directly or
indirectly influence soil C storage
capacity and the activity and diversity of
soil biota (Qi et al., 2011; Zou et al.,
2007). Grazing effects are particularly
evident in dry rangelands (Ghorbani et
al., 2012; Smith et al.,, 2012) where
limited resources (i.e. low residue input
sand available water) are rather common
(Smith et al.,, 2012). Hence, the dry
rangelands are ecologically fragile and
have been led to the desertification by
mismanagement but could be restored by
the exclosure grazing practices (Jeddi and
Chaieb, 2010; Qi et al., 2011).Therefore,
providing  incentives to  manage
rangelands sustainability as carbon sinks
offers large-scale carbon sequestration
opportunities.

Here, we explore the response of a
rangeland to sequester carbon by the
means of rangeland exclusion. The
objectives of the present study were (1) to
investigate the response of plant and soil
carbon storage to the exclusion grazing
and (2) to quantify C storage in the plant-
soil system in Gomishan rangelands on
the exclosure and grazing areas.

Materials and Methods

Study area

The study area consists of a 37963 ha
rangeland located in the Western
Golestan province at an altitude between
-24 and -11 m above sea level. The area



lies at 54° 1" to 54° 2" longitude and 37°
8 to 37° 11’ latitude (Fig. 2). The
topography in this region is flat. Its mean
annual temperature is 16.6°C and the
climate is semi-arid with the mean annual
Halocnemum strobilaceum, Aeluropus
littoralis and Aeluropus lagopoides
and accordingly, we selected the

replicated exclosure of 20 years which
are paired with the adjacent open grazing
lands.

54°1'30°E 54°3'E
L \

N Legend |

l , 77 Exclosure |

| \nﬂ\. {223 Grazing area | |
b 1 2,
| km

Fig. 1. Location map of the study area in north of
Iran

Sampling method

Three transects (the length of 250 m and
intervals of 100 m) were established in a
key area inside and outside the exclosure.
In each transect, ten plots (2m?) were
established systematically (Forouzeh,
2007). In each plot, the number of plant
individuals for each plant species was
recorded and used to estimate the density
of each species per unit area. In order to
estimate the mean fresh weight of plants,
a few individuals of each species were
sampled by the clipping and weighing
method. The moisture content of aerial
and root biomass was calculated after
drying 500 g of each sample in an oven
(after 24 h at 70°C) and used to calculate
their total dry weight by applying this
ratio to the amount of wet weight of

T
37°10'30°N

T
37°9'N
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precipitation of 343 mm mainly in the
autumn and winter. The growth form of
this region is shrubs and grasses and the
dominant plant species are Halostachys
blanyesiana, Puccinellia  distance,
(Mirzaali et al., 2006). The exclosure
(300 ha) was established two decades ago
aerial and root biomass which had been
measured in the field.

In each key area, five soil samples at
the depths of 0-10 and 10-20 cm were
collected along each transect (total of 30
(3x5%2) soil samples per each key area)
and transported to the laboratory.

Plants organic carbon

The carbon content of aerial and root
biomass was obtained by the combustion
of 10 g of oven-dried samples in an
Electric furnace (after 5 h at 500°C)
(McDicken, 1997). The weight loss
resulting from the combustion indicates
the amount of organic matter and %56 of
that would be the organic carbon
(Birdesy, 1996 and Ferguson, 2003).
Then, organic carbon ratio of aerial and
root biomass was obtained by dividing
the weight of organic carbon (g) on the
weight of dry sample used in an Electric
furnace. Finally, the amount of stored
organic carbon in the aerial and root
biomass was obtained by multiplying the
organic carbon ratio of plant parts in their
total dry weight.

Soil organic carbon

In the laboratory with plant materials and
other debris removed, the soil samples
were air-dried and sieved to pass a 0.5-
mm screen. The soil organic carbon
percent (SOC) was determined by the
Walkley—Black method (Walkley, 1947;
Nelson and Sommers, 1982). To estimate
the mass (weight) of carbon stored in the
soil, the amount of carbon per unit weight
of soil (g C/kg soil) was calculated by
(Equation 1).

OC (ge/kg soin = %0C x 10 (Equation 1)
Soil organic carbon per unit area (ha) and
given depth was calculated using the
amount of carbon per unit weight of soil
(g C/kg soil), Soil bulk density and soil



sampling depth by the help of Equation 2,
(Lemma et al., 2006).

SC =e x Bdx OC (geikg soinn*10(Equation2)
Where

SC= the amount of soil carbon (Ton/ha)
in given depth

OC-= the amount of carbon mass in soil (g
C/kg soil)

Bd= Soil bulk density (g/cm?®)

E= Soil depth (m)

Data analysis

Before subjecting the data to a statistical
analysis, the uniformity of the obtained
data was checked (Verdoodt et al., 2009).
Then, data analysis was performed by
one-way analysis of variance and Tukey
test at a significance level of 1%. The
rates of soil carbon sequestration inside
and outside the exclosure were compared
using the independent T test that was
performed by SPSSie. Finally, the
economic benefit of carbon sequestration
was calculated.
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Results

Plant composition, density and
productivity

The results indicated that exclosure had a
significant impact on plant characteristics
(Table 1). No individual plants of
Halostachys caspica, Puccinellia
distance and Aeluropus littoralis species
were observed outside the exclosure.
Inside the exclosure, Puccinellia distance
and Halocnemum strobilaceum had the
highest and lowest densities, respectively.
Furthermore, Halostachys caspica and
Halocnemum  strobilaceum had the
highest and lowest proportions of the
aerial and root dry matter. According to
the results, outside the exclosure,
Polypogon  monspeliensis  and
Halocnemum strobilaceum were the
dominant species. The aerial and root dry
matters were produced mainly by
Polypogon monspeliensis (Table 1).

Table 1. Comparison of estimated quantity of plant biomass on exclosure and grazing areas

Area Plant species Aerial Root Plant Aerial Root Total
DM DM Density DM DM DM
(g/plant)  (g/plant)  (Per ha) (g/ha) (g/ha) (kg/ha)
Puccinellia distance* 19.47 6.59 19000 369930 125210  495.14
Exclosure Aeluropus littoralis* 6.32 5.04 15250 96380 76860 173.24
Halostachys caspica* 100.0 60.70 5100 510000 310000  820.00
Polypogon monspeliensis 6.45 2.76 12083 77935 33349 111.28
Halocnemum strobilaceum 25.50 13.80 1650 42075 22770 64.84
6.08 2.33 39325 239096 91627 330.72

Grazing area Polypogon monspeliensis

Halocnemum strobilaceum 32.20 18.60 1370 31784 25482 57.26

“No individual plants were available in outside of enclosure

Plant carbon sequestration rate in
exclosure and grazing area

The mean carbon sequestration rates
(kg/ha) of plant biomass on the exclosure
and grazing areas are shown in Table 2.
Inside the exclosure, the mean estimated
carbon sequestration rate in the plant
biomass ranged from 22.49 (kg/h) in
Halocnemum strobilaceum to 410 (kg/h)
in Halostachys caspica and outside the
enclosure, it ranged from 26.81 to 181.68
(kg/h) for Halocnemum strobilaceum and
Polypogon monspeliensis, respectively
(Table 2). Statistical analysis revealed

that there were significant differences
(P<0.01) between plant species in terms
of estimated carbon sequestration rate
(Table 2).

Soil carbon sequestration rate in
exclosure and grazing area

The results revealed that there was a
significant difference (P<0.01) between
organic carbon of two studied soil depths
in the exclosure but such difference was
not observed in the grazing area
(P>0.01). It can be argued that changes in
the composition and density of the
dominant plant species and accumulation
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of their litter have led to this significant between total soil organic carbon of two
difference as compared to the grazing areas (Table 3). Two-sample t-test of the
area. The results indicated that the overall soil organic carbon mean
estimated soil carbon sequestration rates incorporating two depths revealed
on the exclosure and grazing area were significant differences (P<0.01) due to
71.78 and 52.45 (ton C/ha), respectively. the exclosure (Table 3).

There was 19.33 (ton C/ ha) difference

Table 2. The Mean of estimated carbon sequestration rate (kg/ha) of plant biomass on the exclosure and
grazing area

Area Plant species Aerial Root Aerial Root Total Plant Total
Biomass Biomass oC oC oC Density oC
OC% OC% (g/plant)  (g/plant) (g/plant) (Perha) (kg/ha)
Puccinellia distance* 48 43 9.34 2.81 12.15 19000 230.8°
Exclosure  Aeluropus littoralis* 53 43 3.35 2.16 5.51 15250 84.02¢
Halostachys caspica* 50 47 46.3 34.09 80.39 5100 410.0?
Polypogon monspeliensis 52 47 3.35 1.29 4.64 12083  56.06¢
Halocnemum strobilaceum 47 29 9.63 4.02 13.63 1650 22.49¢
. Polypogon monspeliensis 55 55 3.34 1.28 4.62 39325 181.6°
Grazing Halocnemum strobilaceum 50 42 11.76 781 1957 1370 26.81°

area

*No individual was observed in outside of enclosure
The means of total OC with the different letters were significantly different based on Tukey method P< 0.01

Table 3. The Mean of soil carbon sequestration rate (ton/ha) on exclosure and grazing area in two soil depths

Area Soil Soil Soil Bulk Soil Total Difference
depth ocC oC density ocC Soil OC (ton/ha)
(%) (g /kg soil) (g fcm?®) (ton/ha) (ton/ha)
Exclosure 0-10 6.08 60.82 0.69 42.122 71782
10-20 3.65 36.48 0.81 29.66° ) 19.33
. 0-10 4.06 40.58 0.61 26.872
Grazing 1959 333 3378 0.76 25582 52.45°

area
The means of soil OC and total OC of area with different letters were significant based on T test P< 0.01

Economic values of carbon reference to the mean value of carbon
sequestration sequestration  (i.e. $200 per ton)
Considering that carbon forms 27% of (Varamesh, 2009) and the increase of
the weight of atmospheric carbon dioxide 73.71 ton/ha  (Table 4) carbon
(atomic mass of carbon and Oxygen are sequestration on this exclosure, it can be
12 and 16, respectively), so there is 270 argued that the value of carbon
kg carbon per atmospheric carbon sequestration per ha in Gomishan
dioxide. As a result, each ton of the exclosure will equal to 14743 $/h over 20
sequestered carbon is equivalent to 3.7 years which is equivalent to 737.15 $ per
tons of atmospheric carbon dioxide. With year.

Table 4. The economic value of carbon sequestration over 20 years

Carbon  Atmospheric Economic
(Ton/ha)  CO2 (Ton) Value ($/h)
Differences in carbon sequestration by vegetation
between inside and outside of the exclosure 0.594 2.19 439
Differences in carbon sequestration by soil between
inside and outside of the exclosure (0 — 10 cm) 15.25 56.44 11288
Differences in carbon sequestration by soil between 4.076 15. 08 3016

inside and outside of the exclosure (10 — 20 cm)
Total 14743




Discussion and Conclusion

The results revealed that the response of
plant and soil carbon storage to the
exclosure is positive in Gomishan
rangelands and there are significant
differences between the total amounts of
the stored carbon of plant biomass and
soil on the exclosure and grazing areas.
Comparison of the mean annual value of
carbon sequestration (737.15 $/ha) and
grain yield of dry-land farming (800
kg/ha) in the study area represents an
economic  advantage  of  carbon
sequestration project to the dry-land
farming. Our results are in agreement
with studies that had shown the increases
(Schuman et al., 1999; Reeder et al.,
2004; Mcintosh et al., 1997) and in
contrast with those that had shown the
decreases (Derner et al., 1997; Yong-
Zhong et al., 2005) in carbon storage and
accumulation as compared to the adjacent
non-grazed soils. Schuman et al. (2001)
mentioned that around 90% of C in
rangeland systems is located in the soil
and most of SOC is found in the top of
soil profile as a result of the presence and
influence of biotic processes (Conant et
al., 2001). The plant species have an
enormous influence on the carbon
sequestration. In rangelands, above-
ground biomass and litter have been
proved to be increased after grazing the
removals (Mclintosh et al., 1997). After
20 years, the exclosure has benefited
from the greater varieties of plant species,
higher canopy cover, lower death rate of
plants, higher litters and finally, the
reduction in the number of plant-free
areas. If the vegetations are improved, the
litters increase in number and the soils
become fertilized; then, the amount of
carbon in the plant-soil system will
definitely increase (Mahdavi et al.,,
2011). Increased plant cover can increase
C influx through a higher and more
efficient use of resources for primary
production.  Grazing  exclusion s
particularly likely to increase C uptake
where overgrazing has decreased the
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biomass productivity, thereby decreasing
the quantity and quality of the biomass
that is returned to the soil (Oesterheld et
al., 1999; Su et al.,, 2005; Pei et al.,
2008). In addition to C uptake shifts,
grazing exclusion can favor C
sequestration through the reduction of C
losses if higher ground cover reduces
SOC decomposition and soil erosion. The
slower C turnover rates associated with
wood carbon allocation and the cessation
of biomass removal by livestock may
also decrease C losses in exclosures,
respectively (Mclntosh et al., 1997,
Schlesinger, 1997).

Rangelands have a high potential for
C sequestration if input of organic matter
into the soil and slower decomposition of
soil organic matter can be promoted
through the use of ‘‘best-management
practices’” (Shrestha and Stahl, 2008)
because soil in many of them receives
low carbon input and tends to be
degraded, poorly managed or not
managed at all (Kimble et al., 2001). The
rate of C sequestration is determined by
the net balance between C inputs and C
outputs. C inputs and outputs are affected
by the management and by two biotic
processes —production of organic matter
in the soil and decomposition of organic
matter by the soil organisms. The biotic
processes are strongly controlled by
physical, chemical and biological factors
including biome, climate, soil moisture,
nutrient availability, plant growth and
erosion. (Derner and Schuman, 2007;
Post et al., 2001; Svejcar et al., 2008;
Ingram et al., 2008). Soil CO is the main
end product of the decay of SOC. Under
aerobic conditions, CO> is produced by
the respiration of bacteria and protozoa in
the guts of insects, bacteria and fungi in
the soil. Soil CO production accelerates
with temperature and exposure of SOM
to air in pore spaces and on the surface of
the soil. When decomposition and soil
CO2 production can be slowed, the net
rate of soil C accumulation and storage
may be increased.



Bio sequestration will not solve all the
problems contributing to global warming.
However, combined with the increased
energy  efficiency and  decreased
industrial ~ emissions,  projects  that
enhance greenhouse gas sequestration
will play a key role in mitigating the
effects of climatic changes. Many co-
benefits associated with the increasing
levels of soil C suggest the prospect of
win-win  scenarios for  rangeland
managers, climatic changes mitigation
and ecosystem services. Optimizing
the uptake of sequestration activity
depends on  the  design and
implementation of the protocol since
incentives to implement the desired
changes in management practices will be
generated. There are two motivating
factors likely to encourage the rangeland
managers to adopt C sequestration
practices. The first one is the range of
biophysical benefits - SOC gains improve
soil quality through better water holding
capacity (this factor is of critical
importance in lranian rangelands, most of
which experience less than 250 mm
annual  precipitation), fertility and
biodiversity (Haynes and Naidu, 1998;
Loveland and Webb, 2003; Evrendilek et
al., 2004) and have a stabilizing effect on
soil structure that can prevent from the
erosion (Boix-Fayos et al., 2001).
Carbon gains in plant and litter pools are
often associated with runoff reduction
and infiltration and soil moisture increase
(Rostagno et al., 1991; Abril and Bucher,
2001). In  addition, lower soil
temperatures  associated with higher
ground cover act to decrease the
decomposition rate of the soil organic
matter (Archer, 1995). The second factor
is the increased financial benefit —
rangeland managers could benefit from
the revenues achieved from the sale of
emission reductions credits resulting
from the increased soil C sequestration.

The issue of global warming is now a
major and unavoidable element of world
energy policy. However, the
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implementation of an international
agreement on limiting the releases of
greenhouse gases (and particularly CO3)
IS a complex matter with major
geopolitical and economic implications.
It can be argued that the education and
extension of carbon sequestration will
offer new incentives to restore the
degraded rangelands. Though, the bill of
outlines of a mandatory cap and trade
system for Iran is unclear. Regardless, if
legislation is  passed,  significant
incentives will arise for Iranian rangeland
managers (and dry-land farmers) to
develop the offset projects.
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