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ABSTRACT: Land-use change of natural ecosystems into managed environments has adverse
implications on soil and is regarded as the mainstream of soil chemo physical attribute alteration. The aim
of this study was to evaluate the effects of land-use changes on soil carbon sequestration in Agh Abad
region of Golestan Province. Four major land-use types were studied including rangeland, farming, olive
planting and new converted rangelands to farms. Soil sampling was carried out in five replicates in each
land-use type at two depths of 0-20 and 20-40 cm. Soil organic matter was calculated. Soil carbon
sequestration was also calculated per ton in hectare. The results of this study showed that organic
carbon change in different land-use types such that the highest organic carbon occurred in rangeland
units at the depth of 0-20 cm while the lowest occurred in converted rangelands to farm and
subsequently, soil carbon sequestration had a similar mentioned condition.According to results of this
study, the first step toward soil destruction could be the conversion of natural areas into agricultural areas
and more attention to carbon sequestration for sustainability development and reasonable management
is essential.
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INTRODUCTION
Today, the changes of forests to rangelands or agricultural lands have become a significant concern in the
world in terms of environmental degradation and global climate change (Wali et al, 1999). FAO has stated that
agricultural sector is responsible for nearly one-third of global warming and climate change that is due to the
mismanagement and land use change (Tan and Lal, 2005). Therefore, a land use change with incorrect
management is one of the main reasons for creating the greenhouse effects and earth warming during recent
decades (Fitzsimmons et al, 2004). Land use and land cover affect on carbon storage and distribution in
ecosystems. In fact, carbon sequestration potential is doubled by proper management activities (Lal, 2004). Loss of
soil organic carbon storage has a great effect on soil structure through increasing soil compaction, soil erodability
and runoff probability (Hoover et al, 2003). Land degradation due to land use change in arid and semi arid regions
entered many threats for land sustainability land uses that major changes is created by human activities (Dumanski
and Pieri, 2000).The risk of soil degradation can be related to natural critical conditions, but in comparison to
human factor effects is negligible (Blum, 1998). Land use changes can reduce vegetation cover and prevents the
pereserevation of the organic matter in the soil. On the other hand, restoring the degraded land to the natural
vegetation can reduce these effects and by increasing carbon inputs to the soil through organic matter, serve in
favor of the accumulation of carbon. These changes lead to improved soil fertility and functions.The amount of
carbon in soil is usually greater than the amount in living vegetation in terrestrial ecosystems. It is therefore
important to understand the dynamics of soil carbon as well as its role in terrestrial ecosystem carbon balance and
the global carbon cycle (Post and Kwon, 2000). Loss of organic carbon can cause nutrient deficiency for the
sustainable production of agricultural products (Jones et al, 2009). Loss of soil organic carbon is depended on
other degradation process such as water and wind erosion, flood and land slide (Dawson and Smith, 2007) that
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these process are increases due to change of forest or rangelands to agriculture lands. Lopez-Bermudez et al
(1996) investigated the effects of land use change and cultivation on soil properties in southern Spain and showed
that increased vegetation restoration, soil organic material capacity, soil stability and water retention in uncultivated
land during four to ten years after abandonment of culture. Rice (2000) stated grazed rangelands have more
carbon sequestration than un-grazed rangeland and soil carbon sequestration are decreased in lower depth. Xun
et al (2010) investigated the effects of land use changes on soil organic carbon, carbon decomposition and nutrient
in semi arid region of China and indicated that changing from cultivated land to shrub land or pastureland caused
increasing soil carbon sequestration and improvement of soil nutrient fixation.Recently, land use changes from
forest or rangeland to cultivation land are increased due to growing population and subsequently economical
problems and need to foods in Golestan province of Iran. These changes resulted in destructive floods and water
erosion. The aim of this study was to indicate the effects of these changes on soil carbon sequestration that is
essential to land management and sustainable development.
MATERIALS AND METHODS
Study area
The study area is located between 37°19˝ and 37°20˝ northern latitudes, and 55°15˝ and 55°11˝ eastern
longitudes, 8 km east of Gonbad City in Golestan province, northern Iran. The parent material is composed mainly
of loess material highly sensitive to erosion. The mean annual precipitation and the mean annual temperature
properties are 461 mm and 18.2° C, respectively. The climate of this region is hot semi-arid (regarding Amberege`s
classification) due to heavy and scattered rains, high evaporation and hot winds.
Data collection and Analysis
Five soil sample were obtained from three sites in each land use types including rain fed farming
(cultivation more than 40 years), rangeland, olive planting and new converted rangelands to farms. Soil sampling
were done from two depth 0-20cm and 20-40cm. soil samples were air-dried and passed through 2 mm sieve. Soil
bulk density was determined by the core method. Organic Carbon (OC) content of the soil was determined based
on gram per square centimeter using Walkley- Black method (Nosetto et al, 2006). The amount of carbon
2
sequestration (gr/m ) is calculated from this equation:
Cc=10000 × C (%) × BD × E
2
That Cc is the rate of carbon sequestration in 1m area, C is the measured percentage of carbon, BD is
3
bulk density based on gr/cm and E is the soil sampling depth based on centimeter (MahmoudiTaleghani et al,
2007). After data collection and recording into excel 2010, one-way analyses of variance (ANOVA) were used for
mean comparison of different land use practices on soil carbon sequestration using SPSS Version 17 at 5%
significant level.
RESULTS
The results of variance analysis showed that land use factor has a significant effect on carbon
sequestration. On the other hand, there is a significant difference among mean amounts of carbon sequestration in
four land use. There is significant effect for depth factor and not observed significant effect for interaction effect
between land use and depth (table1).
Table 1. Variance effect analysis of land-use on soil carbon sequestration
Source of Changes

Sum of square

Land use
Depth
Land use × depth
Error
Total

435.32
374.06
726.47
1194.63
22396.42

Degrees of
freedom
3
1
3
16
23

Mean of square

F

Sig

435.32
374.06
242.15
74.66

5.830
5.010
3.243

0.007
0.040
0.050

Table 2 shows the mean amount of soil carbon sequestration in two soil depth in different land uses. Based
on the results of this table, the percentage of organic carbon in the 0-20 cm soil depth of rangeland is the highest
and subsequently, carbon sequestration is the highest. Lowest amount of organic carbon percent and carbon
sequestration observed in converted rangeland to farm. Among different land uses and different depth was not
observed significant difference for carbon sequestration except soil surface layer of rangeland.
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Table2. The mean amount of carbon sequestration in two soil depth in different land use for studied area
Land use

Soil layer depth
(cm)

Organic carbon
percent

Bulk density
(gr/cm3)

Agriculture

0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40

1.35
0.9
1.9
1.08
1.25
1.37
0.82
0.66

1.44
1.78
1.8
1.54
1.47
1.53
1.63
1.5

Rangeland
Olive planting
Converted
rangelands to farm

Carbon sequestration (ton/ha)

35

Carbon
sequestration
(gr/m2)
2916.4
2398.1
5092.5
2504.7
2748.9
3151.8
2004.9
1499.1

Carbon
sequestration
(ton/ha)
29.16b
23.98b
50.92a
25.04b
27.48b
31.51b
20.04b
14.99b

a

30
b

25
20
15
10
5
0
0-20 cm

20-40cm
Soil depth

Figure1. The mean amounts of soil carbon sequestration in two studied soil depth

Soil carbon sequestration decreased with increasing depth. Soil carbon sequestration amounts are calculated
nearly 31ton/ha and 24 ton/ha for soil surface layer (0-20 cm) andsoil deep layer (20-40 cm) respectively.
DISCUSSION AND CONCLUSION
In this study, the highest amount of organic carbon observed in rangeland in comparison to other land uses
and the lowest amount of this factor observed in new converted rangeland to farm that is observed significant
difference in converted rangeland to farm in comparison to other land uses. Similar finding were reported by
Lemenih et al (2005) and Martinez-Mena et al (2008) that reported organic carbon in natural land use is more than
agriculture and converted lands to agriculture. In the 0-20 cm soil depth, organic carbon content was more than 2040 cm studied soil depth. Soil carbon sequestration is decreased with increasing soil depth and this difference was
significant. The results of Chibsa and Ta’a(2009) research showed that organic carbon content was decreased in
all studied land uses with increasing soil depth. This result is confirmed with the study results of Rice (2000). Soil
organic carbon content of agriculture lands is 15 to 30% lower than soils of natural lands approximately (McGill et
al, 1988). Negative relation between soil organic material and erosion is confirmed by Kay (2000) and Celik (2005).
Reduced physical protection of soil organic material due to coarse aggregate breakable during plowing operation
by Nardi et al (1996) and increasing soil temperature due to reduction vegetation cover by Carter et al (1998) is
stated as reasons for decomposition of organic matter in cultivated lands. The results of this study about soil
carbon sequestration is consistent with Xun et al (2010).,Ayele et al (2013), Wei et al (2014) and Ferreira et al
(2014). The results of Rice (2000) research showed that there is a reverse relationship between soil carbon
sequestration and soil depth in arid and semi arid region and mentioned the reason of this condition is gradual
decomposition trend of litter and its conversion into humus with beginning from the soil surface. The existence high
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content of organic carbon in agriculture land can be related to fertilization operation in this study because these
actions enhanced and improved soil structure.The change of soil organic carbon is an important factor of soil
quality for evaluating management practices effect in forest and agriculture lands (Carter, 2000).Hebert et al
(1991)stated that light soil texture increase sensitivity of organic matter to decomposition. In studied region, erosion
occurrence after natural vegetation degradation and subsequently soil structure degradation has intensified loss of
organic matter trend. Soil carbon sequestration beside the protection values, has economical value due to
increasing biomass production and can be used as an additional profit resulted from rangeland conservation
activities.
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