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Background: Grazing intensity has a major effect on soil and biomass organic carbon storage (C). Various
plants and ecosytems with deiffernt charactristices have their unique responses to the grazing. Recognizing
the effects of grazing intensity on C in various envrionments dominated by Halocnemum strobilaceum, such
as Incheboron salt land of Golestan province, helps plannig the grazing startegies.

Materials and Methods: Three grazing sites, viz. heavy grazing (in vicinity of resting point), moderate
grazing (at a distance of 650 meters from resting point) and light grazing (at a distance of 2050 meters from
resting point) were selceted. Sampling of soil and H. strobilaceum species was carried out with systematic-
random method in Nov. 2012. In this regard, fifteen plants along the five 100 meters transects (with distance
of 30m) were randomly selected and underground and abovegrond organs were extracted. The amount of
biomass C was determined by combustion method. Also, soil sampling with five repetation was carried out in
two depths (0-20 cm and 20-40 cm) and the amount of stored C was determined by Walkly and Black method.
Results: The sum of underground and aboveground biomass C in light grazing site was more than the heavy
and moderate grazing sites, which were about 1.17, 1.07 and 0.567 ton/hectare respectively. The amount of
soil C for the mentioned sites were 162.56, 137,39 and 80.76 ton/hectare, respectively. Besides, the depth 0-
20 cm in all sites had a higher C. The soil C comprised more than 99 percent of ecosystem total stored C
(biomas and soil C) in each site. In terms of total ecosystem C, the heavy and moderate grazing site had about
84.37 and 32.20 ton/hectare less C compred to light grazing site.

Conclusions: From a management perspective, it is concluded that light grazing intesity in saltalnd region can
lead to maintenance of C in high level and grazing systems should avoid high stocking rates because it may
adversely affect soil C. Heavy grazing has more negative effects on C compared to moderate grazing. Both
soil and biomass respond similarly to different grazing intensities. The soil, especially first depth as the main
resourcse of C, should be protected from detrioration to prevent C decling. In view point of C sequestration, it
is suggested to plan grazing intesity in light level and protect the soil of rangelands.
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1. Background

Since 1980, the atmospheric concentration of CO;
and other greenhouse gases, such as CO, CH4 and
N2O, have been taken into attention mainly due to
accelerated consumption of fossil fuels (1). These
gases have devastating effects on the human life
through increasing global warming and its
consequences, such as damages to the
ecosystems, flooding, drought and extreme
climatic events (2). Warnings about increasing
CO. in the atmosphere have stimulated
investigations that may lead to ways of reducing
its emissions through C sequestration processes
(3), of which photosynthesis is considered as one
of the options to reduce greenhouse gases in soil
or plant bodies (4).

Rangeland ecosystems in arid and semi-arid
regions have high potential to sequester C because
they constitute almost half of terrestrial
ecosystems that involve 10% of organic C storage
(5). The vast expanse of salt rangeland makes it
highly potential in the C sequestration and its
management practices can, therefore, directly
affect it. These ecosystems include important
source of C cycle and are affected by any weather
alteration, management methods and
environmental ~ conditions  (6).  Therefore,
understanding the effects of management on
changing C storage in soils and biomass can lead
to better decisions in management of rangeland
ecosystems. On the other hand, the sensitivity of
rangelands ecosystems has increased the attention
on proper land management to preserve the C
sequestration potential. Livestock grazing is
counted as one of the most common types of land
utilization in the some parts of the world which
has both direct and indirect effects in the soil and
vegetation. Grazing can quantitatively and
qualitatively alter C storage in rangeland
ecosystems by allocation of C to the above-
ground and underground biomass (7) as well as
influencing  species diversity and plant
communities composition (8). Today, there are
many uncertainties about whether increase in
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livestock grazing decreases the C storage, as there
are conflicting reports in this regard. In global
studies, both positive and negative effects have
been related to the wvariation of climate,
environment, soil properties, vegetation types,
management strategies, etc. (9).

Understanding the effects of rangelands
grazing on the C storage in Iran is very important,
because almost 53 percent of the country is
covered by rangelands and grazing is one of the
most important utilization systems of land use
(10). Moreover, due to the variety of ecological
and historical conditions, there are many conflicts
in this context (11). For instance, Menezes et al.
found no significant differences between the
grazed and un-grazed area on pH, C and nitrogen
(12). Attaeian (13) extracted the data of Iran’s
rangelands from 2006 to 2013 and found that
mean CO; fixation was about 0.25 Mg C haly™.
Considering the total rangeland area of Iran (=
84.8 million hectare), approximately 11770.011
Gg C y* was stored in above-ground biomass
annually, providing at least 5885 Gg organic C
sequestration potential. Motamedi et al. (14)
showed that there was a significant difference
between the root and above-ground biomass of
Artemisia fragrans under three grazing intensities.
They pointed out that highest and lowest aerial
biomass in two low and high grazing intensities
were 5.18 and 76.42 g, respectively. Moreover,
the maximum average of underground biomass
per plant (95.32 g) and its minimum amount
(46.56 @) belonged to low and high grazing
intensities, respectively. Other researches in Stipa
grandis and Stipa bungeana steppe in northern
China (15) and also in a national park (7) found
no changes in the soil organic materials. However
it seemed that this process caused to accelerate the
process of C cycle in grazed ecosystems, but in
many cases the effects of grazing on C storage
ecosystem were irregular and highly variable and
difficult to predict the effects. Tavakoli (16)
investigated the potential of C sequestration of
Hammada salicornica vegetation type in desert
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areas of South Khorasan and found that C
sequestered between 133 to 3293 kg/ha in
different sites in which had the highest and the
lowest amount of organic C in plant vegetation
parts; soil organic C was about 6313 kg/ha on
average in that site. The effects of grazing
management on the ecosystem processes that
control C cycling and distribution have not been
sufficiently evaluated in native rangelands
ecosystems.

2. Obijective

C sequestration under the grazing intensity in
the Incheboron salt lands, Golestan Province, has
been investigated. Therefore, the manner of
grazing effects on the C storage in salt lands can
be determined and the C sequestration in
ecosystems can be increased by using their
findings towards the planning and management of
rangeland. Increase in the knowledge about the
effect of livestock grazing on the rate of C
sequestration in ecosystems can provide the
practical  predictive models in  grazing
management. As low-grazing site is expected to
be less affected by grazing disturbances, it is
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hypothesized that the C storage in both soil and
biomass in this site is higher than the other higher
grazing intensities.

3. Materials and Methods
3.1. Study area

Covering an area about 22200 hectares in a
semi-hot and arid zone (37°07'N and 54°29" E),
the Incheboron winter rangeland of Golestan
province was selected as the representative
rangeland with highly salty and alkaline soil
(Figure 1). The long-term mean annual rainfall of
this region is 181.5 mm (1986 to 2016) and the
mean temperature is 17.06 °C; the soil texture is
silt-loam to silt-clay-loam. The region is flat and
slope is lower than five percent. The elevation
above sea level is about -10 m. The Dalagh sheep
race is the dominant livestock in this region.
Shrubs constituted the major parts of vegetation
with  Halocnemum strobilaceum being the
dominant species having class Il palatability with
80 percent frequencies in plant community.
Halostachys caspica, Artemisa siberi, Aeluropus
lagopoides and A. littoralis are the other species
of this region (17), (18).

Figure 1 study area in Golestan province, Iran
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Sampling was carried out on three sites of
low, moderate and high grazing intensity. Since
the regions near the rest point and troughs were
under high grazing intensity and trampling, they
were considered as the high grazing intensity
(10). The other two other sites (low and
moderate) were selected within the distance of
650 and 2050 meters from the center of high
grazing intensity site, based on an earlier study
(19).

3.2. Sampling and laboratory analysis:

Due to the dominance of H. strobilaceum in
the plant community, it was sampled and other
species were neglected because of their
temporality and seasonal coverage. Therefore,
on Nov. 2012, when biomass grew completely,
in each site, about fifteen H. strobilaceum were
randomly selected at five transects with 100
meters length (three plant for each transect).
The distance among transects was about 30
meters. The soil was caved and the above
ground and underground organs of plants were
extracted and then separated. All parts were
weighed in the field and 500 gr of each fresh
organ was transferred to lab for determining the
content moisture coefficients and biomass C.
Also, the plants density was counted on the
4mx10m quadrates in each site and the results
were generalized in hectare (plants per hectare).
Regarding the maximum rooting depth in the
area (20), three soil samples were taken at each
depth of 0-20 cm and 20-40 cm on each
transects. After combining the samples, finally
one composite soil sample was prepared for
each transect. The intact soil after removing
gravel was taken by cylinder to determine the
soil bulk density and to calculate the storage C
of soil. The 500gr biomass samples were dried
in oven at 70°C for 24hr and the moisture
coefficient was determined. Then, the overall
dry weight was determined by using this
coefficient. 10gr of dried samples was selected
to estimate the C content by combustion in
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electrical kiln at 500°C for 5hr. The reduced
weight in this method belongs to the organic
matters, 56% of which is organic C. Then the C
conversion coefficient for each organ was
calculated by dividing the organic C weight into
dried sample weight (10gr). After that, the
storage organic C in each plants organ was
determined by multiplying this one by overall
dried organs weight (21).

The dried soil samples were sieved by
0.5mm sieve in laboratory and had its organic C
content determined by Walkley-Black method,
based on wet oxidation. The weight of stored
SOC or sequestrated organic C storage within a
certain depth was estimated using Equation 1
(22).
SC=100XO0CXBd XD 1)

where, SC is the C content at specified depth
(ton per hectare in a given depth), OC is the soil
organic C percent, Bd is the soil bulk density
with removed gravel (gram per cubic
centimeter), and D is the soil depth (m).

3.3. Statistical analysis

The data normality test for the sampling
number was conducted using Anderson and
Darling test and the abnormal data were
normalized by data transformation before data
analysis.  The logarithm transformation ~ was
applied for the data. The two ways ANOVA)
was used to find the effect of grazing intensity
and soil depth on the parameters of C
conversion coefficient, organs C and organic C
of soil. One-way ANOVA was used to analyse
mixture of treatments (sites and depths) and the
post hoc test (Duncan's test, with a critical
significance level of 0.05) was used to compare
the mean of parameters. Levene's test was also
used for determining equality of variances. T-
test was also used to compare the means
between two organs of below and aboveground
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C. The SPSS version 19 was used for all
statistical analysis.

4. Results

The ANOVA results of C conversion
coefficient of root and above ground organ in
three sites (low, moderate and high grazing)
and also t-test of the parameters between organs
indicted a significant difference (p<0.05)
between C conversion coefficient in above
ground organ and root in three sites (Table 1).
Root organ had a higher C conversion
coefficient than the aboveground organ. This
parameter for each organ was, however, not
significantly different for the three sites. The C
content of both root and the aboveground
organs were significantly higher in light grazing

ECOPERSIA (2017) Vol. 5(3)

than the other two sites. The C content of the
aboveground organ was also significantly
higher than that of root in the light grazing site,
but the two other sites did not show significant
differences in C content between the two organs
(p<0.05). Finally the results of biomass C per
hectare showed that both moderate and low
grazing sites were in one group and had greater
amount of biomass C than the high grazing site.

The two-way ANOVA revealed that grazing
intensity (site) and soil depth had significantly
(p<0.05) affected the amount of soil organic C
(Table 2), but the interaction effect of livestock
grazing and soil depth was not significant.
Furthermore, the changes of C trend in different
sites and depths remained constant in all three sites.

Table 1 Comparison of C conversion and C content in organs and sites (mean + SE)

Parameter Organ Light Moderate Heavy F-value
C conversion Roqt 0.55%%+0.08 0.514+0.03 0.50A°+0.02 4.05i
Coefficient Aerial O.49i’z‘+0.02 0.46*Bb+0.06 0.45534*-0.02 4.22
t-value 5.79 2.81 12.31 -
Root 42734246 247+15.18 12.98°+10.77 10.32™
Organs Aerial organ  30.2%422.75  22.8"+12.58  21.9%%46.56 6.24"
content (gram) g : ' : i Do i
t-value 0.53" 0.41m -3.76 -
plant C content (gram) - 81.312 46.88° 34.97° 9.80™
Density (shrub per : 14510 23100 16230 :
hectare)
Total biomass C content
per unit area (ton per - 1.172 1.082 0.567° 6.13"

hectare)

a, b, c: Significant parameter among sites A, B: Significant parameter between organs in specific site

**: difference at p<0.01 probability level
between groups

*: difference at p<0.05 probability level,

ns: non-significant

Table 2 two-way analysis of variance of soil organic C

Source sum of square d.f mean square F_value Sig.
Site 855.439 2 4277.71 30.50 0.00
Depth 1164.895 1 1164.89 8.31 0.008
depth x region 204.406 2 102.20 0.72 0.49
Error 3365.074 24 140.21

Total 130938.989 30

** Significant at 1% probability level
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The results of post hoc for soil C storage and
soil bulk density in sites and depths showed that
the low grazing site in 0-20 cm and 20-40 cm
depths and moderate grazing site for 0-20 cm
depth had the maximum amount of C with
values 89.15, 73.41 and 74.47 ton/hectare,
respectively. Also, the average bulk density in
high grazing intensity in both depths was more
than the other sites (Table 3).

The differences of the total stored C (soil and
biomass) showed the low grazing site had 32.3
ton/hectare of C more than moderate grazing site
that, in turn, had 57.07 ton/hectare of C more
than high grazing site (Figure 2). It should be

noted that the biomass C is too low in value to be
visible in the figure.

The relative contribution of each ecosystem
components in C storage is shown in Figure 3.
Share of the first depth (0-20m) is more than
the second depth (20-40m) for the three grazing
sites. The major C storage for first depth was
found in the moderate grazing site (55.8%),
while the major C storing in the second depth
belonged to the high grazing site (46.52%). The
highest level of biomass C was recorded in the
moderate site (0.81%), but obviously it was less
than soil C in all the three sites (Figure 3).

Table 3 Post hoc test and descriptive statistic of soil bulk density (gr cm=) and C storage (ton per

hectare) in specified depth of each site

. . Standard soil bulk Standard
Region Soil depth  C storage Deviation density Deviation
Light grazing 0-20 89.15° 14.5 1.41 0.08

20- 40 73.412 14.28 1.62 0.069
Moderate 0- 20 74477 15.39 1.57 0.03
grazing 20- 40 57.92b 10.93 1.70 0.05
Heavy grazing 0- 20 42.93b¢ 5.87 1.86 0.05

20- 40 37.83¢ 5.98 1.86 0.07

a,b, Significant or insignificant parameter between sites in each depth

180 -

W Biomass [] Second Depth [7] First Depth

160 =
140 -

120 -

100

o
(=]
"

o
o
1

carbon (ton/hectare)

N\

N

heavy grazing

moderate grazing

light grazing

Figure 2 Comparison of C sequestration of soil and biomass in three regions
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100% 0.72

0.81

25% —

0%
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Figure 3 The relative contribution of ecosystem components in C storage

5. Discussion

In this study, livestock had different effects
on the various C storage parameters. A
significant difference between C conversion
coefficient in the above-ground organ and root
within all three sites was observed. The C
conversion coefficient of root in low, moderate
and high grazing sites was higher than the
above ground organ. Fang et al. (23) found the
maximum and minimum C conversion
coefficient was in the stems and leaves,
respectively.

The above-ground organ of plant is the most
important part of an ecosystem that has direct
effect on the grazing. The highest and lowest
reduction of C storage in the above-ground
organ was related to the low and high grazing
intensity sites, respectively. The grazing
intensity on moderate grazing treatment was
balanced so the C storage of the above-ground
organ for this site was significantly lower. This
is due to the direct effects of grazing on
vegetation cover and its indirect role on
reduction of storage C in overall ecosystem by
soil erosion and desertification (24), which
could have also negative effects on the above-
ground organ and probably on the underground
organ as well (25, 26).
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Some studies have shown a direct relation
between the biomass reduction of the above-
ground and underground organ of plants with
the grazing intensity and harvesting volume
(14). In this study, too, the grazing intensity
was associated with the reduction of C storage.
The non-significance change of the
underground organ biomass in moderate
grazing treatment can be attributed to the lower
grazing. Therefore, the lower harvest intensity
from photosynthesizing organs in moderate
grazing caused no significant effect on growth
and extension of the underground organ
biomass. However, there was a significant
reduction in the underground organ biomass in
the high grazing treatment due to harvesting of
the above ground organ and problems in
photosynthesis process and the reduced
physiological activity of the plants (27).
Niknahad Gharmakher et al. (28) also found a
significant  difference  between  grazing
intensities for the stored C in biomass and soil.

Joneidi Jafari et al. (29) concluded that root
growth and extension in high grazing site was
limited when compared with the moderate
grazing site. While the C storage in the above-
ground organ was less than root in the three
sites, the high grazing reduced the root biomass
and increased the root ration in the total plant



Esmaeil Sheidai Karkaj et al.

ECOPERSIA (2017) Vol. 5(3)

biomass, which caused the C storage in the
above-ground biomass less than the total C
storage of the ecosystem. The results of organs
and the total C per unit area showed the highest
amount of C for root organ and low grazing
site, followed by the moderate grazing site.
Also, heavy grazing intensity led to higher
levels of soil-plant C through changes in
species composition.  Nonetheless, heavy
grazing markedly decreased vegetation cover
and the above-ground biomass, that is
undesirable for livestock production and
sustainable rangeland development.

Grazing at light to moderate grazing
intensity resulted in stable and diverse plant
communities dominated by forage range with
high above-ground biomass (30). Also, higher
organic matter inputs from plant litter and root
exudates in un-grazed soil, compared to lower
organic input in the grazed soil, may have
enhanced the rate of biomass C production, a
labile organic C faction, in the soil (31). Some
researches, such as Eccard et al. (32), stated the
vague response of root to grazing, but it had
been shown that the roots had a key role on C
sequestration in ecosystems for being the major
route of the entered C and nitrogen into the soil
(9). Naseri et al. (33) found significant
differences between treatments for the total C
stocks (soil, biomass and litter) and showed that
the soil had a main role in C sequestration,
followed by biomass, roots and litters among
the components of the ecosystem. Also,
Khosravi Moshizi et al. (34) studied C
sequestration hotspots and found that soil
characters played effective roles in C stocking
in semiarid rangeland ecosystems.

High vegetation cover of the ungrazed site
increases the underground biomass and the C
storage as well. The results of organic C in soil
showed that there was a significant difference
in C storage between all sites and depths. Plants
use the litter falling to transfer their organ C to
the soil (35). The livestock grazing canld

1882

change the C content in soil that depends on
grazing intensity and soil depths. Mahdavi and
Esmaili (36) showed that the rates of C
sequestration in different species, vegetation
organs and soil layers differed, being higher in
wooding species and the upper soil layer.
Henderson et al. (3) investigated the reaction of
soil C on long term enclosure in Canada and
found a higher amount of C in vegetation cover
and litter in non-grazing treatment. The C
content in 0-20cm depth was more than in 20-
40cm depth in the three sites of the present
study. The highest C storage was recorded in
the moderate grazing site at the first depth
(55.8%) and in the high grazing site at the
second depth (46.52%). Also, the moderate
grazing site had the highest C biomass (0.81%)
at the three sites, which was obviously less than
the soil C in the three sites. This shows the
importance of soil conservation, especially in
surface layers to reduce the C sequestration loss
in ecosystem, since the recovery of soil C loss
is slow.

Finally, the soil erosion could causes C loss
as most part of C is stored in the soil.
Therefore, the soil C storage for low grazing
site is maximum and for high grazing site is
minimum. This is due to the reduction of litter
by harvesting the plant organ in high grazing
site (31). Also, the high bulk density in region
with high grazing intensity may cause erosion.

The high bulk density and reduction of
organic matter in soil could produce from
reduction of ground and underground organic
matter in soil and livestock movement in field
(9). Well-managed grazing improves nutrient
cycling in rangeland ecosystems, stimulating
the above-ground production as well as root
respiration and exudation rates (31).
Differences in methodology of sampling and
analyses, plant response to grazing, and
photosynthesis of grazed plants may be
responsible for different results of grazing on
organic matters (31).
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6. Conclusion

The livestock grazing could influence the
vegetation composition and the ratio of plant
material allocation. The stored C in rangeland
ecosystem could be controlled by the grazing
intensity and frequency through grazing
systems (such as rotation, deferred rotation, and
rest rotation grazing system). If the vegetation
cover and rangeland production capacity is not
affected by high livestock grazing and the
livestock number is based on the maintenance
capacity, the organic matter of soil does not
change. However, destruction of vegetation
cover, high soil erosion, and loss of C storage
as a consequence could be occurred in high
grazing site. The soil especially first depth as
main resources of C should be protected from
deterioration to prevent C declining. In view
point of C sequestration, it is suggested to plan
grazing intensity in light level and protect the
soil of rangelands.
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