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ABSTRACT

Aims The present study aims to monitor and assess CO2 emission from the soil of different
land uses and land covers including rangelands, farmlands, mines, gravel lands, and bare lands
(lands characterized with no vegetation) in monthly and annual temporal scales.
Materials & Methods Monthly carbon emission was monitored according to the alkali-trap
method in a closed static chamber from mid-March 2015 to mid-February 2016. Data on
emissions and land use were analyzed in a factorial experiment in a completely randomized
design with four replications. To determine the relationship between temperature and humidity
factors with changes in carbon emission in each land use, Pearson correlation coefficient was
used.
Findings The highest (about 3.44g C/m2/d) and the lowest (0.13g C/m2/d) emission rate was
found in mines (in July 2016) and in gravel lands (in January 2016), respectively. The results
also showed a seasonal pattern (high in summer and low in winter) of CO2 emission. It was
found that while carbon emission positively correlated with soil moisture, it showed a negative
correlation with soil temperature in mines.
Conclusion The results depicted that land management should include proper land use
selection and improper land use changes should be avoided.
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Introduction

Today, global warming is found to be a major
challenge to attain sustainable development [1].
Such phenomenon has devastating impacts on
natural ecosystems and organism’s life through
interruptions imposed on natural trends like
flooding frequencies, drought periods and
strengths, changes in climatic and ecological
balances. This event could affect on
deterioration of ecosystem production potential
[2, 3]. One of the most vital greenhouse gases
causing global warming is CO2, whose rise in the
atmosphere has been recorded in recent
decades [4]. CO2 emission is defined as a process
of returning carbon sequestrated in the soil to
the atmosphere during soil respiration [5, 6]. This
can even be exacerbated via other agricultural
operations such as biomass burning, plowing,
tillage, and drainage and also management of
natural ecosystems [2]. Anthropogenic land use
change is an important factor in soil carbon loss
[7, 8]. Since the beginning of human agricultural
activities on land, significant changes in land
carbon reservoirs have been observed [9, 10].
About 34% of the total amount of carbon
emitted in the atmosphere results from land use
change, 66% of which is corresponded to the
combustion of fossil fuels [11]. While agricultural
development was the main cause of increasing
atmospheric carbon dioxide concentrations in
the past, the main determinant factor today is
fossil fuel combustion from industries and
vehicles [12, 13]. Increasing carbon emission will
have two major consequences, with one being
the long‐term accumulation of the concentration
of greenhouse gases into the atmosphere, and
the second one, reflecting as reduction of the
content of the organic matter in the soil and
destruction of soil structure [5]. With the latter,
carbon used by the plants will be unavailable
and vegetation will be deteriorated [11]. Indeed,
rising CO2 concentrations in the atmosphere will
cause more carbon emission from the soil. Here,
world environmental policymakers express
their concerns about soil respiration changes
and that increased respiratory activity in the soil
has led to increased carbon emission [5].
Deforestation, rangeland deterioration, and land
cover change accounted for 12.5% of the carbon
emitted to the atmosphere between 1990 and
2010 [8]. Enormous anthropogenic activities
applied in the rangelands have contributed to
the loss and disruption of carbon flux [14, 15].
Different land uses and land covers play a
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significant role in carbon sequestration and
emission. Hence proper land management and
land use selection, commensurate to the
conditions of each area, would increase carbon
sequestration and reduce carbon emission [16].
Many studies have shown various factors
affecting carbon sequestration. These factors
include bulk density, fertilizer application and
quantity, crop management systems and
management practices [17‐19], the return of plant
and organic residues to the soil, microbial
activity and soil structure [20], management
practices such as irrigation, soil fertilization and
cultivation type [21], clay percentage, calcium
ions, carbon and CEC [22], soil reaction, gravel,
silt, clay and pebble and gravel percent [23],
climatic conditions, temperature, soil moisture,
texture and soil type, previous land use, return
of organic matter to the soil, soil disturbance and
soil organic matter [24].
Powers et al. [25] reported that the effect of land
use change on carbon variation has been the
most important factor in carbon studies. They
also emphasize that it is impossible to monitor
carbon emission and sequestration in different
climatic zones in the absence of knowledge on
land uses and management [14]. In addition to
overgrazing, change of the land use from forest
and rangeland to agricultural lands combined
with traditional agricultural practices increase
carbon emission. Rangeland management
practices are important in addition to
environmental factors such as temperature and
precipitation on soil‐to‐atmosphere carbon
exchanges. Therefore, knowledge on type and
amount of gas exchange is essential for finding a
correct land management method towards more
carbon sequestration and less carbon emission
[26‐28]. The present study aimed to shed light on
the impacts of different land uses and land
covers on CO2 emission at different months and
seasons for one year. Hence, the main
hypothesis was to test the effects of land use and
land cover on CO2 emission.

Materials and Methods
Site selection and description
The study area is nestled over in the arid‐zone of
Iran extending 5777.2ha. It is stretched between
south Sorkheh on the north, Biabanak on the
east and Asadabad on the west. This region is
located between 53°08′36″ to 53°14′36″ E and
35°25′01″ to 35°19′30″ N the Greenwich
meridian. The study area is spanned between
Summer 2020, Volume 8, Issue 3
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946.65 and 1232.75m above sea level. According
to Semnan synoptic station, its average annual
precipitation is 145.1mm and its average annual
temperature is around 18°C.
Having delineating the study area using satellite
images, aerial photos, field visits and
reconnaissance, a land use and land cover map
was generated using GIS (Figure 1). Rangelands,
Farmlands, Mines, gravel, and bare lands had
2075.18, 133.01, 30.54, 904.23, and 2695.92
hectares area, respectively.

Figure 1) Land uses/land cover map in the study area of
Sorkheh

Carbon emission measurement
Carbon emission was measured following
Anderson [29] with some modifications in the
procedure. Semi‐permanent CO2 trapping
assembly made from polyvinyl chloride (PVC)
columns (18‐36cm) with tight lid having air tight
silicon seal‐inserted 5cm deep into the soil [30] in
each treatment plot this ensures a yearlong
approximate monitoring of CO2 evolution by
batch trapping of CO2 Carbon emission sampling
is initiated in mid‐March 2015 and continued
monthly till mid‐February 2016. Alkali trap, a
glass jar with 10ml 1N NaOH, was placed for one
day in each column and the lid of the column was
tightly sealed with paraffin film. The trapped CO2
was analyzed by titrating it with 0.1N HCl in the
presence of excessive BaCl2 and few drops of
phenolphthalein. A screw capped alkali trap
placed in one of the columns was taken as
ECOPERSIA
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control. Amount of CO2 or C evolved from the soil
during the exposure of alkali was calculated
following Gupta et al. [31] equation:
C or CO2 (mg)= (B‐V) NE
Where, B is the volume (ml) of acid needed to
titrate NaOH in the jars from the control
cylinders, V is the volume (ml) of acid needed to
titrate the NaOH in the jars exposed the soil
atmosphere, N is the normality of the acid, and E
is the equivalent weight. To express the data in
terms on carbon, E is 6, to express it as CO2, E is
22.
Soil moisture and temperature
Moisture and temperature were taken
simultaneously in the middle of each month
from mid‐March 2015 to mid‐February 2016.
Soil moisture was determined gravimetrically
and the temperature data was obtained from a
field weather station in Sorkheh, Semnan
Province, Iran.
Experimental design and data analysis
Carbon emission data on different land uses
were analyzed as a factorial experiment in a
completely randomized design with 12
replications in each treatment. Analysis of
variance (ANOVA) using the general linear
model (GLM) procedure (SPSS 17, released
2008) was used to determine the effects of
different land uses, seasons, months, and their
possible interactions on carbon emission.
Differences between means of carbon emitted
across the months, seasons, and different land
uses confirmed by Duncan test (p≤0.05). To
study the effects of soil moisture and
temperature on carbon emission changes in
different land uses, the Pearson correlation was
used due to the homogeneity and normality of
the data.

Findings

Land use change is one of the most important
reasons for the return of carbon from the soil to
the atmosphere, whose importance, despite its
very effective role, has not been much
considered by the scientists [32]. In the study
areas, there is a negative correlation between
the soil moisture content and carbon emissions
rate from the soil only in the mine land use, that
is, as moisture content in this land use decreases,
soil emission increases. At the same time, a
positive correlation between carbon emissions
and temperature in both agricultural and mine
land was found, so that an increase in
Summer 2020, Volume 8, Issue 3
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temperature has led to higher emissions. The
highest and lowest carbon emissions were
recorded in summer and the winter,
respectively. The highest and lowest emission
rate was attributed to mines land use in July
(about 3.44g C/m2/d) and gravel lands in
respectively.
January
(0.13g
C/m2/d),
Correlation analysis of carbon emissions in all
land uses and soil moisture content only shows
a negative correlation between mining and
emission rate, that is, the more the moisture
content was in the soil, the less the emission
measured. There also is a positive correlation
between the amount of carbon emission and
mining, gravel land‐ and farmland. That is,
increasing soil temperature leads to an increase
in the carbon emissions of these land uses (Table
1).
Table 1) Correlation between carbon emission in different
land uses with temperature and moisture
Land uses/land covers Temperature
Moisture
Gravel lands
0.006
0.488
Bare lands
0.552
‐0.46
Rangelands
0.586
‐0.433
Farmlands
0.586*
‐0.44
Mines
0.725**
‐0.623*

Table 2) Analysis of variance of carbon dioxide emission at
months and different land uses
Sources of variations
MS
F
Month
6.211
369.631**
Land use
2.677
159.334**
Land use* month
0.279
16.632**
*: Significant difference at 5% level; **: Significant difference at
1% level

*: Significant difference at 5% level; **: Significant difference at 1%
level

Table 3) Analysis of variance of seasonal effects and
different land uses on carbon emission
Sources of variations
MS
F
Land use
3.646
921.661**
Month*land use
0.781
187.226**
Season* emission rate
0.191
741.45**

Carbon emission
The results of variance analysis of the effects of
different months on carbon emissions in each of
the land uses are shown in Table 2.
In the current study, carbon emission of
different land uses is significantly different
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across the year. The highest amount of carbon
emission belongs to mines, and the least
simultaneously goes to rangeland, gravel, and
bare lands. While the highest emission rate was
found in mines land use in July (about 3.44g
C/m2/d), the least emission rate was estimated
for gravel lands and bare lands in January (0.13g
C/m2/d). The highest emission was observed in
gravel lands in July (3.04g C/m2/d) and the
lowest was in gravel land uses in January (0.13g
C/m2/d; Diagram 1).
Analysis of the seasonal variation of emissions
throughout the year also shows the difference
among the rates of emission for land uses in
different seasons of the year (Table 3).
At the same time, summer and winter accounted
for the highest and lowest carbon emission in
mines and gravel lands, respectively (Diagram
2).
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Diagram 1) The interaction effect of different land uses and months on carbon dioxide emissions rates; A: the first half of
the year and B: the second half of the year
ECOPERSIA

Summer 2020, Volume 8, Issue 3

Carbon emission
(g/m2/day)

159

Kamali N. et al.

3
4d

2.5
2

4c

1.5
2d

1
0.5

Gravel lands
Bare lands
Range lands
Farmlands
Mines

2b
2a

2b

2c

4a

4b

4b
3a

3b

3b

3c

3d

1a

1b

1b

1c

1d

0
Spring

Summer

Fall
Winter
Seasons
Diagram 2) The interaction effects of different seasons and land uses on carbon dioxide emissions rates

Discussion and Conclusion
Land management practices, in conjunction with
fluctuations of the environmental factors (such
as rainfall and temperature), can significantly
affect the soil and atmosphere carbon exchange.
Thus, recognizing these gas exchanges is
essential for finding an appropriate land
management practice for more carbon
assimilation from the atmosphere to the soil and
fewer carbon emissions from the soil to the
atmosphere [26, 28, 33, 34].
In the present study, rangelands, gravel lands,
and bare lands showed the lowest emission rate.
This is comparable to the study of Peichla et al.
[35] where forage grazing on the stocking rate
resulted in a lower emission rate than
machinery harvesting like mowing. On the other
hand, Jabro et al. [36] reported that in rangelands
subjected to overgrazing, carbon emission
increases significantly, mostly due to soil
structure collapse by livestock, loss of soil
moisture by livestock trampling, increased
activity of microorganisms due to the feces left
by the livestock in rangeland, degradation of
vegetation and the increased bare soil under
erosion.
The seasonal pattern of the carbon emissions is
due to changes in the angle of suns’s rays on the
soil surface changing soil temperature and
humidity, microorganism’s activity and litter
decomposition. Such results are in line with
findings of many researchers [37‐39]. Land use
change
(deforestation
and
rangelands
deterioration) and land cover change accounted
for 12.5% of the carbon emitted to the
atmosphere from 1990 to 2010 [8]. Powers et al.
[25] believe that such land use changes make it
impossible to monitor carbon emission and
sequestration in different climatic zones
particularly in absence of knowledge on land use
management [14].
In addition to overgrazing, land uses change
from forest and rangelands to agricultural lands
ECOPERSIA

and traditional agricultural practices increase
carbon emissions. Forest and rangeland
management practices are important on soil‐to‐
atmosphere
carbon
exchanges
having
knowledge on type and amount of gas exchanges
is essential for finding the correct land
management method in order to increase
carbon sequestration from the atmosphere to
the soil and decrease carbon emission from soil
to the atmosphere [26‐28].
It is anticipated that, by the year 2300, due to
incorrect management decisions and changes in
land use 490 Pg of carbon will be emitted from
the soil to the atmosphere [40]. The main reason
for the return of carbon from soil to the
atmosphere is the anthropogenic interference
that results in carbon dissociation. A 30‐year
study of soil carbon changes indicates the
significant impact of land management and land
use on the amount of carbon emissions in the
tropics. The use of rangeland under severe fires
and lack of proper management is the most
important reason for carbon emissions from the
soil to the environment [41].
Given substantial changes in climate (e.g. global
warming) and its impact on vegetation, the
significant role of this on the carbon cycle and
atmospheric carbon changes should also be
taken into account [42].
The results of the current study showed that the
highest CO2 emissions occurred in the mining
areas (about 3.44g C/m2/d). Mining causes a
great waste in the amount of carbon in the soil
due to the great disruption in the soil. Gravel
cover (0.13g C/m2/day) has the lowest rate of
CO2 emissions. Overall, the results suggested
that improper land use changes should be
avoided.
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