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ARTICLE INFO  ABSTRACT 
 
 

Grazing exclusion is increasingly practiced in most grassland ecosystems of the world and is 
the key management aspect to restore degraded grasslands. This review is initiated to explore 
the contribution of grazing exclusion in increasing ecosystem carbon sequestration. This 
review includes research findings from almost all types of terrestrial grassland ecosystems in 
the world. It produces conclusion from recently conducted research findings regarding the 
importance of grazing exclusion on biomass and soil carbon stock. It focuses on impact of 
grazing on carbon sequestration, effect of grazing exclusion on aboveground, belowground 
and soil carbon storage. Accordingly, grazing exclusion is an effective ecosystem restoration 
approach to sequester and store carbon in the living biomass and soil profiles. It is important 
for climate change mitigation. It has a key role mainly in highly degraded and moisture stress 
grazing lands.  It also reduces the loss of carbon from ecosystem to atmosphere via grazing. 
Grazing exclusion increases biomass productivity of living vegetation. It is critical to 
increase aboveground carbon storage. Exclusion of highly degraded areas and application of 
appropriate grazing is relevant to sequester more carbon in to root and microbial biomass. 
Grazing exclusion also increase soil carbon sequestration through moisture reserve, 
increasing soil cover and reducing wind erosion. Moderate grazing is also appropriate after 
complete restoration to increase rate of carbon sequestration from outside. Therefore, efforts 
have to be applied to expand exclosures in degraded ecosystem considering benefits of local 
community. Study findings regarding the influence of grazing exclusion on the remaining 
open grazing lands are meagerly found which is not sufficient for conclusion.   
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INTRODUCTION  
 
Grazing land carbon sequestrations are key component in the 
global carbon cycle (Speed et al., 2014). But, they also 
contribute substantially to atmospheric carbon pools through 
loss of soil organic carbon during extensive grazing and 
cultivation (Foley et al., 2011). Different studies have 
examined the impact of grazing and grazing land exclosure on 
ecosystem carbon storage. Globally livestock grazing is the 
most extensive rangeland use system. This land use becomes 
principal factor for ecosystem change (Speed et al., 2014). 
Awareness is essential on the impact of grazing on 
aboveground and belowground biomass to predict 
consequences of land use for carbon sequestration (Klumpp et 
al., 2009).  
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Grazing can generally play a key role in affecting ecosystem 
function (Holdo et al., 2007; Li et al., 2011; Wu et al., 2009).  
Grazing has both positive (Hafner et al., 2012; Li et al., 2011) 
and negative effects on soil organic carbon (Sun et al., 2011). 
Extended grazing damages primary production and trampling 
compacts the soil, thereby reducing organic matter and 
increase sandy dune (Gamoun et al., 2010; Su et al., 2017). 
Under high grazing photosynthesis is decreased followed by a 
decline in root biomass (Klumpp et al., 2009) and a change in 
carbon storage. Hence, grazing may affect ecosystem carbon 
sequestration (McSherry and Ritchie, 2013) by changing 
vegetation biomass productivity and soil organic matter 
through impacting ground litter quality and decomposition rate 
(Piñeiro et al., 2010; Speed et al., 2014). Changes in land use 
and management practices to sequester carbon are becoming 
integral to global efforts that both address climate change and 
alleviate poverty (Stringer et al., 2012). Sequestration of soil 
organic carbon, in turn, is also a practical option to decrease 
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soil degradation, increase productivity and mitigate climate 
change (Shiferaw et al., 2013). Grazing exclusion is an 
effective ecological management measure that excludes 
grazing (Lunt et al., 2007; Wang et al., 2015) to  reverse  the  
negative  effects  of  overgrazing (Golodets et al., 2010) for 
grassland restoration (Wang et al., 2014). It has become 
common grazing land management practice in Ethiopia for the 
last two decades (Birhane et al., 2017; Yayneshet et al., 2009). 
It serves as a response to persistent soil, vegetation and water 
degradation, affecting forest resources, agricultural 
biodiversity and ecosystem services (Mekuria et al., 2017).  
Grazing exclosure is type of land management practice 
implemented with the aim to rehabilitate over grazed land and 
improve ecological conditions of generally degraded areas 
(Birhane et al., 2017; Mekuria, 2013). Other author concluded 
that community exclosures can actively stimulate further 
carbon stock accumulation in the grazing lands of Northern 
Ethiopia (Solomon et al., 2017). Study results in Northern 
Ethiopia indicated that carbon storage was increased as age of 
exclosure increased (Gebrewahid, 2017). In similar area, other 
author reported that there was higher carbon stock on 
exclosures than that of the adjacent communal grazing 
(Mekuria, 2013). There was also positive response of plant 
biomass and carbon storage to exclosures in rangelands of Iran 
(Niknahad et al., 2015). Other authors realized that soil carbon 
content and plant biomass and diversity were increased after 
eight years grazing exclusion in Loess Plateau of China (Wang 
et al., 2014). 
 
On the other hand there is no significant difference in soil 
carbon content between exclosures and adjacent open grazed 
rangelands in southern Ethiopian (Aynekulu et al., 2017). This 
was supported by other authors where, the effects of grazing 
intensity on soil carbon storage were not much visible in 
Southern Patagonia (Peri et al., 2016). Whereas soil carbon 
storage was significantly increased with increase in grazing 
pressure in alpine meadows of China (Li et al., 2011). This 
increase was related to increase in belowground biomass 
accumulation with grazing. However, other authors found a 
result against to the above argument that grazing exclusion had 
significant positive effects on soil organic carbon in the same 
area (Li et al., 2016). The potential of grazing exclusion to 
sequester carbon has been investigated in different grazing 
ecosystems by different authors; but the results are 
inconsistent. The findings showed increased, decreased or 
remained unchanged with grazing exclusion, which is difficult 
to design comprehensive conclusion and recommendation. 
Thus, comparing the findings and organizing interpretations 
could take us to the concrete conclusion. Therefore, large 
number of research findings has reviewed to conclude on the 
effect of grazing exclusion on terrestrial ecosystem carbon 
storage in grazing lands.  
 
Effects of grazing on carbon sequestration  
 
One of the major human activities in grasslands is grazing by 
domestic livestock (Gillson and Hoffman, 2007). This can 
directly affect carbon stock depending on relative magnitude 
of its effect (Golluscio et al., 2009; Han et al., 2008; Xie and 
Wu, 2016). It also leads to reduced plant production (Hou et 
al., 2014; Tanentzap and Coomes, 2012) and increased soil 
erosion and CO2 flux. Livestock grazing alters cycles of 
carbon in rangeland ecosystems by interactions between plants 
and soil (Li et al., 2011; Wu et al., 2009). Grazing influences 
the factors that control soil carbon in a complex way (Piñeiro 

et al., 2010). A study in Desert Steppe of Northern China 
indicated that grazing had significant negative effects on soil 
carbon content. The authors revealed as continuous grazing 
decreased soil organic carbon by 7.9% (Hou et al., 2014). In 
the other way a review summarized from different studies 
indicated that soil carbon can increased, decreased, or 
remained unchanged under contrasting grazing conditions 
across temperature and precipitation gradients (Piñeiro et al., 
2010). As grazing changed from low intensity to high 
intensity, photosynthesis decreased followed by death of roots 
and rhizomes and decline in root biomass. This is followed by 
lower transfer of new carbon to roots and rhizomes and loss of 
stored carbon. Those changes led to a decrease of soil fungi, a 
proliferation of Gram+ bacteria and accelerated decomposition 
of old particulate organic carbon (Klumpp et al., 2009). As the 
study in western Chaco of Argentina rvealed that soil organic 
carbon store decreased from the highly restored (7.0 kg m−2) to 
the overgrazed (1.5 kg m−2) areas (Abril and Bucher, 2001). 
There were also general decreasing trends for carbon storage 
with increasing stocking rates in grasslands of Northern China 
(He et al., 2011).  Lower concentrations of soil organic carbon 
was recorded in the continuous heavy grazing (44.2 g kg-1 soil) 
and exclosures (49.1 g kg-1 soil) compared to the lightly grazed 
(59.8 g kg-1 soil) areas (Ingram et al., 2008). This indicates 
positive effect of moderate grazing on soil carbon input and 
carbon sequestration. While other author found that less 
carbon loss in the grazed plots by shoot respiration (17%) and 
more was translocated belowground (40%) (Hafner et al., 
2012). Hence, carbon stock in soil layers was higher under 
grazed grassland than in the ungrazed area in Tibetan montane 
pasture. Review of more than 90 studies also revealed that root 
contents were higher in grazed than in their ungrazed 
counterparts at the driest and wettest study sites (Piñeiro et al., 
2010). But, the root contents were lower at sites with 
intermediate precipitation. A study conducted in shortgrass 
steppe of USA indicated that the heavy grazing area was 7.5 
Mg ha-1 higher in soil organic carbon than the exclosure. These 
authors also found that heavy grazing affected soil inorganic 
carbon more than soil organic carbon. The heavy grazed area 
was 23.8 Mg ha-1 higher in total soil carbon than the exclosure 
treatment (Reeder et al., 2004). This might be because of 
influences of herbivores on litter decomposition and nitrogen 
mineralization (Tanentzap and Coomes, 2012).  
 
In contrast, a three-year field study confirmed that carbon 
storage exhibited a highly positive correlation with residual 
aboveground and root biomass (Sun et al., 2011). That means 
grazing-induced reduction in plant productivity and changes in 
species composition would depress carbon storage. This 
increase in grazing pressure can lead to a gradual change of 
grazing lands from being ‘carbon sinks’ to become ‘carbon 
sources’. Other authors also revealed that soil organic carbon 
was highest under ungrazed (13.3 kg m-2) and lowest under 
heavily grazed (9.8 kg m-2) (Xu et al., 2014). The possible 
explanation is grazing reduce aboveground and belowground 
biomass. Other author observed an underlying transformation 
from soil carbon sequestration under light grazing to carbon 
loss under heavy grazing (He et al., 2011). Generally, 
continuous grazing is very detrimental to vegetation and soils. 
It results to less vegetation cover and litter accumulation, and 
very low organic carbon accumulation (Yong-Zhong et al., 
2005). Therefore, appropriate grazing intensity will promote 
vegetation and soil carbon sequestration and subsequent 
carbon storage considering precipitation gradient and 
vegetation type.  
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Effect of grazing exclusion on aboveground biomass 
carbon: The aboveground carbon pool consists of each living 
undergrowth, collective of stem, stump, brushwood, bark, seed 
and foliage (Worku and Agonafir, 2017). Grazing lands are 
considered to have great potential for carbon sequestration 
after adoption of improved management practices (Chang et 
al., 2014). Grazing land management options like exclosures 
are among rehabilitation strategies practiced in degraded areas 
(Mengesha and Denoboba, 2015). Exclosures displayed higher 
plant species richness, diversity and biomass than the 
communal grazing lands in grazing lands of northern Ethiopia 
(Mekuria and Veldkamp, 2012). These vegetation factors are 
critical indicators of ecosystem carbon store. Aboveground 
tree carbon was significantly found higher with age of 
exclosure (41.63 Mg ha-1 for eight years exclosure and 28.33 
Mg ha-1 of open grazing) in Northern Ethiopia (Gebrewahid, 
2017). Therefore, suggestion of promotion of area exclosure 
practices is proved to be potential activity in carbon storing. 
This is supported by study conducted in Nile basin, Ethiopia 
(Mekuria et al., 2015); in Northern  Ethiopia  (Gessesse, 2016; 
Mekuria, 2013; Shimelse et al., 2017); in grassland of Loess 
Plateau, China (Wang et al., 2014) and Tibetan montane 
pasture (Hafner et al., 2012) (Table 1). But,  a study in NW 
Patagonia disagree with the above conclusion and checked that 
there was no significant difference in carbon store between 
exclosure and adjacent free grazing areas (Nosetto et al., 
2006).  
 
According to the result of study in an alpine ecosystem 
aboveground carbon stocks are higher in long-term absence of 
grazers than in continual grazing. They suggested that 
reduction of herbivore populations can increase aboveground 
carbon stocks; however, sequestration rate is low (Speed et al., 
2014).  Lei Deng et al. (2014) This is also confirmed that 
aboveground carbon stock of the grazed grassland was lower 
than that of the restored grassland, while carbon sequestration 
rates decreased with vegetation restoration (Lei Deng et al., 
2014; Niknahad et al., 2015). Authors critically reviewed 
findings and summarized that grazing exclusion had 
significantly increased aboveground carbon stock with mean 
rate of change 10.64 g m−2 yr−1 after grazing exclusion. They 
also observed that the rate of change was declined along with 
years of grazing exclusion increase (Deng et al., 2017). Others 
also conducted a meta-analysis from 78 papers studied to  
analyze the effects of grazing exclusion in grasslands of China 
(Xiong et al., 2016). The result revealed that grazing exclusion 
significantly increased carbon stored in aboveground biomass 
and litter mass by 84.7% and 111.6%, respectively. They 
suggested that grazing exclusion should be ceased after about 
six to ten years. Other findings (Wang et al., 2014) also 
confirmed this finding that the carbon pools in above ground 
biomass were on average 76.5% higher for grazing exclusion 
than for free grazing. The reason to increase carbon stock in 
grazing exclusion is that it reduces output of carbon from the 
ecosystem to livestock and increase productivity (L. Deng et 
al., 2014). The above findings are enough to suggest grazing 
exclusion has the potential to enhance carbon store (on average 
192.70%) in aboveground biomass in different grazing 
ecosystems. 
 
Effect of grazing exclusion on belowground carbon 
allocation: The belowground carbon consists of the biomass 
restricted within live ancestry (Worku and Agonafir, 2017). 
Root system of permanent grasslands is of outstanding 
importance for biomass acquisition (Gao et al., 2008; 

Kauffman et al., 2004). Exclosures showed higher 
belowground carbon stocks  than  the adjacent free grazing 
lands in Tigray Region, Norther Ethiopia (Shimelse et al., 
2017) (Table 2). This was confirmed by other authors that 
there is higher belowground carbon stock in every category of 
exclosure  durations  than that of the  adjacent  grazing  lands 
(Mekuria et al., 2009; Yong-Zhong et al., 2005).  This 
indicates the significant  potential  of exclosures  to  restore  
degraded  lands  and  enhance  ecosystem  carbon  content. 
Other study (Xiong et al., 2016) also revealed that grazing 
exclusion stored 25.5% higher carbon in belowground biomass 
compared with the grazed sites in temperate  meadow  and  
temperate  steppes. Carbon stocks in belowground biomass 
was 58–157% higher in exclosure than in the grazed grassland 
in Semi-arid Grassland (Qiu et al., 2013). By contrast, root 
biomass carbon was 70% lower inside exclosure than outside 
exclosure due to the lower root to shoot ratios in subtropical 
pasture (Wilson et al., 2018). This was supported by a study in 
temperate and subtropical grasslands of South America 
(Piñeiro et al., 2009) (Table 2) and in semiarid steppes in Inner 
Mongolia (Cui et al., 2005). and Other studies also observed 
increasing in belowground net primary production and its 
carbon storage with grazing; conversely (Derner et al., 2006; 
Rathjen et al., 2012), other authors reported findings against to 
this result (Hou et al., 2014; Kauffman et al., 2004). Root 
carbon showed no significant differences between grazed and 
non-grazed conditions in NW Patagonia, Argentina (Nosetto et 
al., 2006). Other study balanced the above contrasting findings 
that light and moderate grazing grassland showed higher 
belowground carbon storage potential than exclosures and 
highly grazed grassland. Therefore, larger number of studies 
has agreed on negative effect of continuous grazing on 
belowground (Xu et al., 2014) carbon content. They support 
application of appropriate grazing and exclosure management 
to sequester more carbon to the soil profile.  
 
Effect of grazing exclusion on soil organic carbon: The soil 
is the principal carbon storage in terrestrial ecosystems. It 
stores much higher than the biotic biomass carbon storage 
(Lal, 2004; Svejcar et al., 2008; Wang et al., 2011; Yao et al., 
2010; Zhang et al., 2013). Soils of grasslands represent a large 
potential reservoir for storing carbon. This potential depends 
on how grasslands are managed for grazing and browsing 
(McSherry and Ritchie, 2013). Livestock grazing intensity is 
thought to have a major impact on soil carbon storage in 
grassland ecosystems (Abdalla et al., 2018; McSherry and 
Ritchie, 2013). Heavy stocking rate could be expected to 
negatively affect soil carbon because of plant physiological 
responses to increased grazing pressure. Herbs can respond to 
grazing by decreasing root elongation and translocation of 
carbon to new leaves so that decreasing carbon sequestration 
to roots (Schuman et al., 1999). Soils may potentially act as 
efficient sinks of carbon under appropriate grazing 
management like exclosure (Liebig et al., 2013; Shrestha and 
Stahl, 2008). Grazing exclusion of degraded grazing lands can 
enhance soil carbon storage (Mekuria et al., 2009; Steffens et 
al., 2008; Xu et al., 2014; Yong-Zhong et al., 2005) through 
restoration of plant species richness, diversity and its capacity 
to sequester carbon (Abebe et al., 2006; Chen et al., 2012; 
Ibáñez et al., 2007).  
 
Other author also found that there is an improvement of soil 
carbon stocks in exclosures (Mekuria, 2013). This indicates 
that exclosures have positive effect on ecosystems carbon 
stock and enhancement of regulating ecosystem services.  
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Review of results studied in in grasslands of China revealed 
that grazing exclusion significantly increased carbon stored in 
soils by 14.4% compared with the grazed sites (Xiong et al., 
2016). In contrast, it is found that soil in grazed areas was 6-9 
Mg ha-1 higher in carbon than in the counter exclosures due to 
increase in carbon cycling rates (Schuman et al., 1999). Other 
authors also showed that ungrazed lands exhibited a decline in 
carbon storage compared with adjacent grazed areas (Hafner et 
al., 2012; Reeder and Schuman, 2002). Research findings in 
other areas found no significant change in soil organic carbon 
in areas with 40, 36 and 12 years grazing exclusion (Aynekulu 
et al., 2017; Shrestha and Stahl, 2008; Speed et al., 2014). This 
is countered by other study that compared to grazing 
exclosure, continuous grazing significantly decreased soil 
carbon by 7.9%, whereas rotational grazing significantly 
increased soil carbon by 1.3% (Hou et al., 2014). Soil carbon 
record under moisture stress was the highest on grazing 
exclosure compared to the open grazing (Mureithi et al., 2014) 
and rotational grazing while during the moist year rotational 
grazing show the highest soil carbon (Hou et al., 2014). More 
than 82% of research findings reviewed (Deng et al., 2017)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
shown increase in soil carbon stock with grazing exclusion. 
Other authors also observed an increase in soil organic carbon 
concentration across age of exclosures (Chen and Tang, 2016; 
Mekuria et al., 2009). The significant increase in carbon stocks 
of exclosures compared to the open grazing lands indicates the 
potential for restoration of soil quality through land 
rehabilitation (Mureithi et al., 2014; Qiu et al., 2013). The 
reason to increase soil carbon stock in grazing exclusion is due 
to increase in soil moisture through reducing evaporation. This 
is due to increase in canopy and litter cover resulting in higher 
carbon input (Wu et al., 2010). A possible reason for recovery 
of soil carbon in exclosures is due to reduction in quantity of 
nutrients lost via wind erosion (Zhou et al., 2011). Different 
studies balanced the above argument that controlled grazing 
has shown higher carbon accumulation than both free grazed 
and exclosure sites (Ingram et al., 2008; Xu et al., 2011). This 
was also confirmed by (Zarekia et al., 2012), where, moderate 
grazing increases soil organic carbon with the reason of 
breaking and transferring plant material and litter to the soil.  
 
 

Table 1. Change in aboveground carbon storage (Mg ha-1) between exclosures and adjacent free grazing 
 

Author  Annual rainfall Annual 
temperature 

AGBCG AGBCE Absolute 
change 

Percentage effect of 
Exclosure 

Age of 
Exclosure 

(Mekuria, 2013) 609 mm 17.5 °C 0.58 5.5 4.92 848.3 10 yrs 
(Mekuria et al., 2015) 1020 mm 22 °C 2.2 6.0 3.8 172.72 7 yrs 
(Gebrewahid, 2017) 525 mm 28.6 °C 28.33 41.63 13.30 47 8 yrs 
(Solomon et al., 2017) 529 mm 22.5°C 7.76 22.29 14.5 187 DNA 
(Gessesse, 2016) 610 mm 17.4°C 1.49 9.08 7.59 509.4 15 yrs 
(Mekuria et al., 2009) 562 mm 22 °C 8.0 15 7.0 87.5 15 yrs 
(Mekuria et al., 2011) 609 mm 17.5 °C 1.07 8.90 7.84 732.71 20 yrs 
(Yusuf et al., 2015) 550 mm 20°C 0.48 0.75 0.27 56.25 15-25 yrs 
(Shimelse et al., 2017) 607 mm 20.25°C 32.96 43.32 10.04 30.5 10 yrs 
(Wu et al., 2014) 339 mm -2.2 °C 0.15 0.43 0.28 187 6 yrs 
(Wang et al., 2014) 373.3 mm 7.39 °C 0.29 0.53 0.24 83 8 yrs 
(Hafner et al., 2012) 582 mm 5 °C 2.35 7.28 4.93 168 7 yrs 
(Ngatia et al., 2015) 550 mm DNA 0.89 1.57 0.68 76 17 yrs 
(Qiu et al., 2013) 425 mm 6.9°C DNA DNA --- 86 17-27 yrs 
(Nosetto et al., 2006) 424 mm 6°C 7.84 4.86 2.98 -38.01 15 yrs 
(Schuman et al., 1999) 384 mm DNA 0.749 1.6 0.851 113.62 40 yrs 
(Yong-Zhong et al., 2005) 366 mm 6.58C 0.43 1.33 0.90 209.3 10 yrs 
(Wilson et al., 2018) 1300 mm 24°C 0.48 0.98 0.50 104.17 15 yr 
(Xiong et al., 2016) RDL RDL 0.71 1.32 0.61 85.92 8 yrs 
Number of cases reported 
Increase 18  
Decreased 1  
Average percentage change 192.70%  

*DNA= Data Not Available; AGBCG = Aboveground biomass carbon under free grazed; AGBCE = Aboveground biomass carbon under exclosure; RDL= 
Review of Different Literatures.  
 

Table 2. Change in belowground carbon storage (Mg ha-1) between exclosures and adjacent free grazing 
 

Authors Annual rainfall   Annual 
temperature 

BGBCG BGBCE Absolute 
change  

Percentage effect of 
Exclosure  

Age of 
Exclosure  

(Yusuf et al., 2015)  550 mm 20°C 0.66 1.56 0.90 136.36 15-25 yrs 
(Gessesse, 2016) 610 mm 17.4°C 3.16 3.67 0.51 16.14 15 yrs 
(Shimelse et al., 2017) 607 mm 20.25°C 0.16 0.95 0.79 493.75 10 yrs 
(Wilson et al., 2018) 1300 mm 24°C 2.74 0.83 1.91 -69.71 15 yrs 
(Wu et al., 2014) 339  mm 2.2°C 4.5 5.5 1.00 22.22 6 yrs 
(Zhou et al., 2007) 385 mm 1.6°C 5.569 8.682 3.113 55.90 5 yrs 
(Schuman et al., 1999) 384 mm DNA 7.421 8.789 1.368 18.43 40 yrs  
(Nosetto et al., 2006) 424 mm 6°C  2.60 1.58 1.02 -39.23 15 yrs 
(Yong-Zhong et al., 2005) 366 mm 6.58C 0.55 1.88 1.33 241.82 10 yrs 
(Hafner et al., 2012) 582 mm 5 °C 3.49 1.93 1.56 -44.70 7 yrs 
(Piñeiro et al., 2009) 1165 mm 16.96ºC 4.63 2.702 1.928 -41.64 14 yrs 
(Qiu et al., 2013) 425 mm 6.9°C DNA DNA --- 157 17-27 yrs 
(Xiong et al., 2016) RDL RDL 4.19   5.48 1.29 30.79 8 yrs 
                                                                                         Number of cases reported 
       Increase 9  
Decreased  4  
Average percentage change 75.13%  

  BGBCG = Belowground biomass carbon under free grazed, BGBCE = Belowground biomass carbon under exclosure 
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Summary of the figurative findings of different authors in 
Table (3) indicates 37.91% increase in soil carbon stock of 
exclosures. 
 
Conclusion  
 
It is evident from this review that grazing exclusion is an 
effective ecosystem restoration approach to sequester carbon 
in the living biomass and soil ground. It is an effective practice 
to restore degraded grazing lands, since vegetation and soil 
have shown to improve under long-term grazing exclusion in 
different agro-ecology. It decrease soil erosion rate and 
increase the overall species diversity and living biomass. 
Grazing exclusion reduces loss of carbon from ecosystem to 
atmosphere via grazing and increase biomass of living 
vegetation due to the removal of grazing pressure. It is critical 
to increase aboveground carbon storage. Moderate grazing 
may be appropriate after complete restoration to increase rate 
of carbon sequestration from outside. Greater number of 
studies has agreed on negative effect of continuous grazing on 
the belowground carbon content. They support the application 
of appropriate grazing and exclosure management to sequester 
more carbon in to the root and microbial biomass. Adoption of 
exclosure management can considerably increase the amount 
of carbon to be stored in the soil profile through water 
conservation and reducing evaporation rate. It increases 
vegetation restoration, canopy and litter cover resulting in 
higher carbon input. The vegetation restoration also reduces 
wind erosion which is critical to maintain soil quality 
including carbon content. Therefore, grazing exclusion with 
subsequent controlled grazing can increase quantity of 
ecosystem carbon stock, ultimately to mitigate climate change. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Efforts have to be applied to widen exclosures in degraded 
ecosystems considering the benefit of local community. Study 
findings regarding the influence of grazing exclusion on the 
remaining open grazing lands are meagerly found which is not 
sufficient for conclusion.  
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(Yusuf et al., 2015) 550 mm 20°C 39.9 48.33 8.425 21.12 15-25 yrs 
(Xu et al., 2014) 400 mm 1.5°C 98.00 133.0 35.00 35.71 20 yrs 
(Nosetto et al., 2006) 424 mm 6°C  33.88 35.36 1.48 4.37 15 yrs 
(Chen et al., 2012) 366 mm 6.8°C 5.65 19.81 14.16 250.62 25 
(Schuman et al., 1999) 384 mm DNA 101.27 88.15 -13.121 -12.96 40 yrs 
(Shrestha and Stahl, 2008) 205 mm DNA 9.38 9.38 0.00 0.00 40 yrs 
(Witt et al., 2011) 300 mm 21°C 13 19 6.00 46.15 13-40 yrs 
(Xing et al., 2014) 339 mm -2.2°C 64.825 75.29 10.465 16.14 7 yrs 
(Hafner et al., 2012) 582 mm 5°C 101.7 84.1 -17.6 -17.31 7 yrs 
(Xu et al., 2011) 400 mm 1.5°C 83.2 (132.8 CG) 112.3 27.3 32.81 10 yrs 
(Niknahad et al., 2015) 343  mm 16.6ºC 52.45 71.78 19.33 36.85 20 yrs 
(Piñeiro et al., 2009) 1165 mm 16.96 ºC 93.67 90.33 -3.34 -3.57 14 yrs 
(Ingram et al., 2008) 425 mm DNA 70.50 80.50 10.00 14.18 10 yrs 
(Yong-Zhong et al., 2005) 366 mm 6.58C 4.983 5.593 0.61 12.24 10 yrs 
(He et al., 2012) 334 mm 0.96℃ 84.6 103.12 18.52 21.89 30 yrs 
(Wu et al., 2014) 339 mm -2.2 °C 66.04 75.29 9.25 14 6 yrs 
(Wu et al., 2008) 345 mm 1.1°C 61.33 83.19 21.86 35.64 24 
(Reeder et al., 2004) 325 mm DNA 72.1 64.6 -7.5 -10.40 56 yrs 
(Xiong et al., 2016) RDL RDL 47.1   55.1 8.00 16.99 8 yrs 
(Qiu et al., 2013) 425 mm 6.9°C DNA DNA --- 77 17-27 yrs 
(Zhou et al., 2007) 385 mm 1.6°C DNA DNA --- 56 5 yrs 
Number of cases reported 
       Increase 21  
Decreased  5  
As it is 1  
Average percentage change 37.91%  

     SOCFG = Soil Organic Carbon under free grazed; SOCE= Soil Organic Carbon under exclosure; CG= Controlled Grazing 

22874                                    International Journal of Development Research, Vol. 08, Issue, 09, pp. 22870-22878, September, 2018 
 



Chang, X., Zhu, X., Wang, S., Cui, S., Luo, C., Zhang, Z., 
Wilkes, A. 2014. Impacts of management practices on soil 
organic carbon in degraded alpine meadows on the Tibetan 
Plateau. Biogeosciences, 11(13), 3495-3503. doi: 
10.5194/bg-11-3495-2014 

Chen, J., Tang, H. 2016. Effect of grazing exclusion on 
vegetation characteristics and soil organic carbon of 
Leymus chinensis grassland in northern China. 
Sustainability, 8(1), 56. doi: 10.3390/su8010056 

Chen, Y., Li, Y., Awada, T., Han, J., Luo, Y. 2012. Carbon 
sequestration in the total and light fraction soil organic 
matter along a chronosequence in grazing exclosures in a 
semiarid degraded sandy site in China. Journal of Arid 
Land, 4(4), 411-419. doi: 10.3724/SP.J.1227.2012.00411 

Cui, X. Y., Wang, Y. F., Niu, H. S., Wu, J., Wang, S. P., 
Schnug, E., Rogasik, J., Fleckenstein, J., H., T. Y. 2005. 
Effect of long-term grazing on soil organic carbon content 
in semiarid steppes in Inner Mongolia. Ecol. Res., 20, 519 - 
527. doi: 10.1007/s11284-005-0063-8 

Deng, L., Shangguan, Z.-P., Wu, G.-L., Chang, X.-F. 2017. 
Effects of grazing exclusion on carbon sequestration in 
China's grassland. Earth-Science Reviews, 173, 84-95. doi: 
10.1016/j.earscirev.2017.08.008 

Deng, L., Sweeney, S., Shangguan, Z. 2014. Long Term 
Effects of Natural Enclosure: Carbon Stocks, Sequestration 
Rates and Potential for Grassland Ecosystems in the Loess 
Plateau. CLEAN–Soil, Air, Water, 42(5), 617-625. doi: 
10.1002/clen.201300176 

Deng, L., Zhang, Z. N., Shangguan, Z. P. 2014. Long-term 
fencing effects on plant diversity and soil properties in 
China. Soil Tillage Res., 137, 7-15. doi: 10.1007/s11104-
010-0299-0 

Derner, J., Boutton, T., Briske, D. 2006. Grazing and 
ecosystem carbon storage in the North American Great 
Plains. Plant and soil, 280, 77-90.  

Feyisa, K., Beyene, S., Angassa, A., Said, M. Y., Leeuw, J. d., 
Abebe, A., Megersa, B. 2017. Effects of enclosure 
management on carbon sequestration, soil properties and 
vegetation attributes in East African rangelands. Catena, 
159, 9-19. doi: 10.1016/j.catena.2017.08.002 

Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., 
Gerber, J. S., Johnston, M., Mueller, N. D., O’Connell, C., 
Ray, D. K., West, P. C., Balzer, C., Bennett, E. M., 
Carpenter, S. R., Hill, J., Monfreda, C., Polasky, S., ¨m, J. 
R., Sheehan, J., Siebert, S., Tilman, D., Zaks, D. P. M. 
2011. Solutions for a cultivated planet. Nature, 478, 337-
342. doi: 10.1038/nature10452 

Gamoun, M., Tarhouni, M., Belgacem, A., Hanchi, B., Neffati, 
M. 2010. Effects of grazing and trampling on primary 
production and soil surface in North African rangelands. 
Ekologia, 29(2), 219-226. doi: 10.4149/ekol_2010_02_219 

Gao, Y. Z., Giese, M., Lin, S., Sattelmacher, B., Zhao, Y., 
Brueck, H. 2008. Belowground net primary productivity 
and biomass allocation of a grassland in Inner Mongolia is 
affected by grazing intensity. Plant and soil, 307(1-2), 41-
50. doi: 10.1007/s11104-008-9579-3 

Gebrewahid, Y. 2017. Effect of Age of Exclosures and Aspect 
on Aboveground Carbon of Boswellia papyrifera 
Dominated Woodland of Kafta Humera, Western Tigray, 
Northern Ethiopia. J Ecosyst Ecography, 7(2 ), 1-5. doi: 
10.4172/2157-7625.1000235 

Gessesse, T. A. 2016. Above-and belowground carbon stocks 
in semi-arid land-use systems under integrated watershed 
management in Gergera watershed, Ethiopia.  PhD 
Desertation, Univesrsity of Bonn, Germany. 

Gillson, L., Hoffman, M. 2007. Rangeland ecology in a 
changing world. Science, 315, 53-54. doi: 10.1126/ 
science.1136577 

Girmay, G., Singh, B. 2012. Changes in soil organic carbon 
stocks and soil quality: land-use system effects in northern 
Ethiopia. Acta Agriculturae Scandinavica, Section B-Soil 
& Plant Science, 62(6), 519-530. doi: 10.1080/ 
09064710.2012.663786 

Golluscio, R. A., Austin, A. T., Martínez, G. C. G., Gonzalez-
Polo, M., Sala, O. E., Jackson, R. B. 2009. Sheep grazing 
decreases organic carbon and nitrogen pools in the 
Patagonian steppe: combination of direct and indirect 
effects. Ecosystems, 12(4), 686-697. doi: 10.1007/s10021-
009-9252-6 

Golodets, C., Kigel, J., Sternberg, M. 2010. Recovery  of  plant  
species  composition and  ecosystem  function  after  
cessation  of  grazing  in  a  Mediterranean grassland. Plant  
Soil, 329, 365-378. doi: 10.1007/s11104-009-0164-1 

Hafner, S., Unteregelsbacher, S., Seeber, E., Lena, B., Xu, X., 
Li, X., Guggenberger, G., Miehe, G., Kuzyakov, Y. 2012. 
Effect of grazing on carbon stocks and assimilate 
partitioning in a Tibetan montane pasture revealed by 
13CO2 pulse labeling. Global Change Biology, 18(2), 528-
538. doi: 10.1111/j.1365-2486.2011.02557.x 

Han, G., Hao, X., Zhao, M., Wang, M., Ellert, B. H., Willms, 
W., Wang, M. 2008. Effect of grazing intensity on carbon 
and nitrogen in soil and vegetation in a meadow steppe in 
Inner Mongolia. Agriculture, Ecosystems & Environment, 
125, 21-32. doi: 10.1016/j.agee.2007.11.009 

He, N., Zhang, Y., Dai, J., Han, X., Baoyin, T., Yu, G. 2012. 
Land-use impact on soil carbon and nitrogen sequestration 
in typical steppe ecosystems, Inner Mongolia. Journal of 
geographical sciences, 22(5), 859-873. doi: 
10.1007/s11442-012-0968-4 

He, N., Zhang, Y., Yu, Q., Chen, Q., Pan, Q., Zhang, G., Han, 
X. 2011. Grazing intensity impacts soil carbon and 
nitrogen storage of continental steppe. Ecosphere, 2(1), 1-
10. doi: 10.1890/ES10-00017.1 

Holdo, R. M., Holt, R. D., Coughenour, M. B., Ritchie, M. E. 
2007. Plant productivity and soil nitrogen as a function of 
grazing, migration and fire in an African savanna. Journal 
of Ecology, 95, 115-128. doi: 10.1111/j.1365-
2745.2006.01192.x 

Hou, X., Wang, Z., Michael, S. P., Ji, L., Yun, X. 2014. The 
response of grassland productivity, soil carbon content and 
soil respiration rates to different grazing regimes in a desert 
steppe in northern China. The Rangeland Journal, 36(6), 
573-582. doi: 10.1071/RJ13038 

Ibáñez, J., Martínez, J., Schnabel, S. 2007. Desertification due 
to overgrazing in a dynamic commercial livestock-grass-
soil system. Ecological Modelling, 205, 277-288. doi: 
10.1016/j.ecolmodel.2007.02.024 

Ingram, L., Stahl, P., Schuman, G., Buyer, J., Vance, G., 
Ganjegunte, G., Welker, J., Derner, J. 2008. Grazing 
impacts on soil carbon and microbial communities in a 
mixed-grass ecosystem. Soil Science Society of America 
Journal, 72(4), 939-948. doi: 10.2136/sssaj2007.0038 

Kauffman, J. B., Thorpe, A. S., Brookshire, E. 2004. Livestock 
exclusion and belowground ecosystem responses in 
riparian meadows of eastern Oregon. Ecological 
applications, 14(6), 1671-1679.  

Klumpp, K., Fontaine, S., Attard, E., Le Roux, X., Gleixner, 
G., Soussana, J. F. 2009. Grazing triggers soil carbon loss 
by altering plant roots and their control on soil microbial 

22875                                        Gebrehaweria Kidane Reda, Effect of grazing exclusion on carbon storage on grazing lands: A Review 
 



community. Journal of Ecology, 97(5), 876-885. doi: 
10.1111/j.1365-2745.2009.01549.x 

Lal, R. 2004. Carbon sequestration in dryland ecosystems. 
Environmental Management, 33(4), 528-544. doi: 
10.1007/s00267-003-9110-9 

Li, H., Zhang, F., Mao, S., Zhu, J., Yang, Y., He, H., Li, Y. 
2016. Effects of Grazing Exclusion on Soil Properties in 
Maqin Alpine Meadow, Tibetan Plateau, China. Polish 
Journal of Environmental Studies, 25(4), 1583-1587. doi: 
10.15244/pjoes/62099 

Li, W., Huang, H.-Z., Zhang, Z.-N., Wu, G.-L. 2011. Effects 
of grazing on the soil properties and C and N storage in 
relation to biomass allocation in an alpine meadow. 
Journal of Soil Science and Plant Nutrition, 11(4), 27-39.  

Liebig, M., Kronberg, S., Hendrickson, J., Dong, X., Gross, J. 
2013. Carbon dioxide efflux from long-term grazing 
management systems in a semiarid region. Agriculture, 
Ecosystems & Environment, 164, 137-144. doi: 
10.1016/j.agee.2012.09.015 

Lunt, I. D., Eldridge, D. J., Morgan, J. W., Witt, G. B. 2007. A 
framework to predict the effects of livestock grazing and 
grazing exclusion on conservation values in natural 
ecosystems in Australia. Aust. J. Bot., 55, 401-415. doi: 
10.1071/BT06178 

McSherry, M. E., Ritchie, M. E. 2013. Effects of grazing on 
grassland soil carbon: a global review. Global Change 
Biology, 19(5), 1347-1357. doi: 10.1111/gcb.12144 

Mekuria, B. W. 2013. Changes in regulating ecosystem 
services following establishing exclosures on communal 
grazing lands in Ethiopia: a synthesis. Journal of 
Ecosystems, 2013, 1-12. doi: 10.1155/2013/860736 

Mekuria, W., Barron, J., Dessalegn, M., Adimassu, Z., Amare, 
T., Wondie, M. 2017. Exclosures for ecosystem restoration 
and economic benefits in Ethiopia: a catalogue of 
management options (M. Gadeberg Ed.). International 
Water Management Institute (IWMI). CGIAR Research 
Program on Water, Land and Ecosystems (WLE). 

Mekuria, W., Langan, S., Johnston, R., Belay, B., Amare, D., 
Gashaw, T., Desta, G., Noble, A., Wale, A. 2015. 
Restoring aboveground carbon and biodiversity: A case 
study from the Nile basin, Ethiopia. Forest Science and 
Technology, 11(2), 86-96. doi: 10.1080/ 
21580103.2014.966862 

Mekuria, W., Veldkamp, E. 2012. Restoration of native 
vegetation following exclosure establishment on communal 
grazing lands in Tigray, Ethiopia. Applied Vegetation 
Science, 15(1), 71-83. doi: 10.1111/j.1654-
109X.2011.01145.x 

Mekuria, W., Veldkamp, E., Corre, M. D., Haile, M. 2011. 
Restoration of ecosystem carbon stocks following 
exclosure establishment in communal grazing lands in 
Tigray, Ethiopia. Soil Science Society of America Journal, 
75(1), 246-256. doi: 10.2136/sssaj2010.0176 

Mekuria, W., Veldkamp, E., Haile, M. 2009. Carbon stock 
changes with relation to land use conversion in the 
lowlands of Tigray, Ethiopia. Paper presented at the 
Conference on International Research on Food Security, 
Natural Resource Management and Rural Development, 
Hamburg. 

Mengesha, M. A., Denoboba, M. A. 2015. Assessing Farmers’ 
Perception of Enclosures, Kewot District, Northeastern 
Ethiopia. International Journal of Environmental 
Protection and Policy, 3(6), 181-187. doi: 
10.11648/j.ijepp.20150306.11  

Mureithi, S. M., Verdoodt, A., Gachene, C. K., Njoka, J. T., 
Wasonga, V. O., De Neve, S., Meyerhoff, E., Van Ranst, 
E. 2014. Impact of enclosure management on soil 
properties and microbial biomass in a restored semi-arid 
rangeland, Kenya. Journal of Arid Land, 6(5), 561-570. 
doi: 10.1007/s40333-014-0065-x 

Ngatia, L. W., Turner, B. L., Njoka, J. T., Young, T. P., 
Reddy, K. R. 2015. The effects of herbivory and nutrients 
on plant biomass and carbon storage in Vertisols of an East 
African savanna. Agriculture, Ecosystems & Environment, 
208, 55-63. doi: 10.1016/j.agee.2015.04.025 

Niknahad, G. H., Jafari, F. I., Sharifi, A. 2015. Effects of 
Grazing Exclusion on Plant Productivity and Carbon 
Sequestration (Case Study: Gomishan Rangelands, 
Golestan Province, Iran). J Range Sci., 5, 122-134.  

Nosetto, M., Jobbágy, E., Paruelo, J. 2006. Carbon 
sequestration in semi-arid rangelands: comparison of Pinus 
ponderosa plantations and grazing exclusion in NW 
Patagonia. Journal of Arid Environments, 67(1), 142-156. 
doi: 10.1016/j.jaridenv.2005.12.008 

Peri, P., Ladd, B., Lasagno, R., Pastur, G. M. 2016. The effects 
of land management (grazing intensity) vs. the effects of 
topography, soil properties, vegetation type, and climate on 
soil carbon concentration in Southern Patagonia. Journal of 
Arid Environments, 134, 73-78. doi: 
10.1016/j.jaridenv.2016.06.017 

Piñeiro, G., Paruelo, J. M., Jobbágy, E. G., Jackson, R. B., 
Oesterheld, M. 2009. Grazing effects on belowground C 
and N stocks along a network of cattle exclosures in 
temperate and subtropical grasslands of South America. 
Global Biogeochemical Cycles, 23(2), GB2003. doi: 
10.1029/2007GB003168 

Piñeiro, G., Paruelo, J. M., Oesterheld, M., Jobbágy, E. G. 
2010. Pathways of grazing effects on soil organic carbon 
and nitrogen. Rangeland Ecology & Management, 63(1), 
109-119. doi: 10.2111/08-255.1 

Qiu, L., Wei, X., Zhang, X., Cheng, J. 2013. Ecosystem 
Carbon and Nitrogen Accumulation after Grazing 
Exclusion in Semiarid Grassland. PloS one, 8(1), e55433. 
doi: 10.1371/journal.pone.0055433 

Rathjen, L., Pfister, J., Asch, F. 2012. Effects of Management 
Practices on Carbon Allocation in the Semi-Arid 
Savannahs of the Borana Region, Ethiopia. University of 
Hohenheim, Germany. 

Reeder, J. D., Schuman, G. E. 2002. Influence of livestock 
grazing on C sequestration in semi-arid mixed-grass and 
short-grass rangelands. Environmental Pollution, 116, 457-
463.  

Reeder, J. D., Schuman, G. E., Morgan, J. A., LeCain, D. R. 
2004. Response of organic and inorganic carbon and 
nitrogen to long-term grazing of the shortgrass steppe. 
Environmental Management, 33(4), 485-495. doi: 
10.1007/s00267-003-9106-5 

Schuman, G., Reeder, J., Manley, J., Hart, R., Manley, W. 
1999. Impact of grazing management on the carbon and 
nitrogen balance of a mixed grass rangeland. Ecological 
applications, 9(1), 65-71.  

Shiferaw, A., Hurni, H., Zeleke, G. 2013. A Review on Soil 
Carbon Sequestration in Ethiopia to Mitigate Land 
Degradation and Climate Change. J. Environ. Earth Sci, 3, 
187-200.  

Shimelse, S., Bekele, T., Nemomissa, S. 2017. Effect of 
Exclosure Age on Carbon Sequestration Potential of 
Restorations in Tigray Region, N. Ethiopia. American 

22876                                    International Journal of Development Research, Vol. 08, Issue, 09, pp. 22870-22878, September, 2018 
 



Journal of Biological and Environmental Statistics, 3(4), 
65-80. doi: 10.11648/j.ajbes.20170304.14 

Shrestha, G., Stahl, P. D. 2008. Carbon accumulation and 
storage in semi-arid sagebrush steppe: effects of long-term 
grazing exclusion. Agriculture, Ecosystems & 
Environment, 125(1-4), 173-181. doi: 10.1016/j.agee. 
2007.12.007 

Solomon, N., Birhane, E., Tadesse, T., Treydte, A. C., Meles, 
K. 2017. Carbon stocks and sequestration potential of dry 
forests under community management in Tigray, Ethiopia. 
Ecological Processes, 6(1), 20. doi: 10.1186/s13717-017-
0088-2 

Speed, J. D., Martinsen, V., Mysterud, A., Mulder, J., Holand, 
Ø., Austrheim, G. 2014. Long-term increase in 
aboveground carbon stocks following exclusion of grazers 
and forest establishment in an alpine ecosystem. 
Ecosystems, 17(7), 1138-1150. doi: 10.1007/s10021-014-
9784-2 

Steffens, M., Kölbl, A., Totsche, K. U. e. a. 2008. Grazing 
effects on soil chemical and physical properties in a 
semiarid steppe of Inner Mongolia (P.R. China). 
Geoderma, 143, 63-72.  

Stringer, L., Dougill, A., Thomas, A., Spracklen, D., 
Chesterman, S., Speranza, C. I., Rueff, H., Riddell, M., 
Williams, M., Beedy, T. 2012. Challenges and 
opportunities in linking carbon sequestration, livelihoods 
and ecosystem service provision in drylands. 
Environmental science & policy, 19, 121-135. doi: 
10.1016/j.envsci.2012.02.004 

Su, R., Cheng, J., Chen, D., Bai, Y., Jin, H., Chao, L., Wang, 
Z., Li, J. 2017. Effects of grazing on spatiotemporal 
variations in community structure and ecosystem function 
on the grasslands of Inner Mongolia, China. Scientific 
Reports, 7(1), 40.  

Sun, D. S., Wesche, K., Chen, D. D., Zhang, S. H., Wu, G. L., 
Du, G. Z., Comerford, N. B. 2011. Grazing depresses soil 
carbon storage through changing plant biomass and 
composition in a Tibetan alpine meadow. PLANT SOIL 
ENVIRON, 57(6), 271–278.  

Svejcar, T., Angell, R., Bradford, J. A., Dugas, W., Emmerich, 
W., Frank, A. B., Gilmanov, T., Haferkamp, M., Johnson, 
D. A., Mayeux, H., Mielnick, P., Morgan, J., Saliendra, N. 
Z., Schuman, G. E., Sims, P. L., Snyder, K. 2008. Carbon  
fluxes  on  North  American rangelands. Rangeland  Ecol.  
Manage., 61, 465-474.  

Tanentzap, A. J., Coomes, D. A. 2012. Carbon storage in 
terrestrial ecosystems: do browsing and grazing herbivores 
matter? Biological Reviews, 87(1), 72-94. doi: 
10.1111/j.1469-185X.2011.00185.x 

Wang, C., He, N., Zhang, J., Lv, Y., Wang, L. 2015. Long-
term grazing exclusion improves the composition and 
stability of soil organic matter in Inner Mongolian 
grasslands. PloS one, 10(6), e0128837.  

Wang, D., Wu, G.-L., Zhu, Y.-J., Shi, Z.-H. 2014. Grazing 
exclusion effects on above-and below-ground C and N 
pools of typical grassland on the Loess Plateau (China). 
Catena, 123, 113-120. doi: 10.1016/j.catena.2014.07.018 

Wang, S., Wilkes, A., Zhang, Z., Chang, X., Lang, R., Wang, 
Y., Niu, H. 2011. Management and land use change effects 
on soil carbon in northern China's grasslands: a synthesis. 
Agriculture, Ecosystems & Environment, 142(3-4), 329-
340. doi: 10.1016/j.agee.2011.06.002 

Wilson, C. H., Strickland, M. S., Hutchings, J. A., Bianchi, T. 
S., Flory, S. L. 2018. Grazing enhances belowground 
carbon allocation, microbial biomass, and soil carbon in a 

subtropical grassland. Global Change Biology. doi: 
10.1111/gcb.14070 

Witt, G. B., Noël, M. V., Bird, M. I., Beeton, R. B., Menzies, 
N. W. 2011. Carbon sequestration and biodiversity 
restoration potential of semi-arid mulga lands of Australia 
interpreted from long-term grazing exclosures. Agriculture, 
Ecosystems & Environment, 141(1), 108-118.  

Worku, M., Agonafir, H. 2017. Review on Forest Carbon 
Stock and Suggestion for Carbon Release in Ethiopia. J 
Environ Anal Chem, 4(4), 221. doi: 10.4172/2380-
2391.1000221 

Wu, G. L., Du, G. Z., Liu, Z. H., Thirgood, S. 2009. Effect of 
fencing and grazing on a Kobresia-dominated meadow in 
the Qinghai-Tibetan Plateau. Plant and soil, 319, 115-126. 
doi: 10.1007/s11104-008-9854-3 

Wu, G. L., Liu, Z. H., Zhang, L., Chen, J. M., Hu, T. M. 2010. 
Long-term fencing improved soil properties and soil 
organic carbon storage in an alpine swamp meadow of 
western China. Plant SoIL, 332, 331-337. doi: 
10.1007/s11104-010-0299-0 

Wu, L., He, N., Wang, Y., Han, X. 2008. Storage and 
dynamics of carbon and nitrogen in soil after grazing 
exclusion in Leymus chinensis grasslands of northern 
China. Journal of Environmental Quality, 37(2), 663-668. 
doi: 10.2134/jeq2007.0196  

Wu, X., Li, Z., Fu, B., Zhou, W., Liu, H., Liu, G. 2014. 
Restoration of ecosystem carbon and nitrogen storage and 
microbial biomass after grazing exclusion in semi-arid 
grasslands of Inner Mongolia. Ecological Engineering, 73, 
395-403. doi: 10.1016/j.ecoleng.2014.09.077 

Xie, R., Wu, X. 2016. Effects of grazing intensity on soil 
organic carbon of rangelands in Xilin Gol League, Inner 
Mongolia, China. Journal of geographical sciences, 26(11), 
1550-1560. doi: 10.1007/s11442-016-1343-7 

Xing, W., Zongshan, L., Boje, F., Fei, L., Dongbo, W., 
Huifeng, L., Guohua, L. 2014. Effect of grazing exclusion 
on soil carbon and nitrogen storage in semi-arid grasslands 
in Inner Mongolia, China. Chin. Geogra. Sci., 24(4), 479-
487.  

Xiong, D., Shi, P., Zhang, X., Zou, C. B. 2016. Effects of 
grazing exclusion on carbon sequestration and plant 
diversity in grasslands of China—A meta-analysis. 
Ecological Engineering, 94, 647-655. doi: 
10.1016/j.ecoleng.2016.06.124 

Xu, M.-y., Xie, F., Wang, K. 2014. Response of vegetation and 
soil carbon and nitrogen storage to grazing intensity in 
semi-arid grasslands in the agro-pastoral zone of northern 
China. PloS one, 9(5), e96604. doi: 10.1371/ 
journal.pone.0096604 

Xu, M., Wang, K., Xie, F. 2011. Effects of grassland 
management on soil organic carbon density in agro-
pastoral zone of Northern China. African Journal of 
Biotechnology, 10(24), 4844-4850.  

Yao, M. K., Angui, P. K., Konaté, S., Tondoh, J. E., Tano, Y., 
Abbadie, L., Benest, D. 2010. Effects of land use types on 
soil organic carbon and nitrogen dynamics in Mid-West 
Cote d’Ivoire. European Journal of Scientific Research, 
40(2), 211-222.  

Yayneshet, T., Eik, L., Moe, S. 2009. The effects of exclosures 
in restoring degraded semi-arid vegetation in communal 
grazing lands in northern Ethiopia. Journal of Arid 
Environments, 73(4), 542-549. doi: 10.1016/ 
j.jaridenv.2008.12.002 

Yong-Zhong, S., Yu-Lin, L., Jian-Yuan, C., Wen-Zhi, Z. 2005. 
Influences of continuous grazing and livestock exclusion 

22877                                        Gebrehaweria Kidane Reda, Effect of grazing exclusion on carbon storage on grazing lands: A Review 
 



on soil properties in a degraded sandy grassland, Inner 
Mongolia, northern China. Catena, 59(3), 267-278. doi: 
10.1016/j.catena.2004.09.001 

Yusuf, H. M., Treydte, A. C., Sauerborn, J. 2015. Managing 
semi-arid rangelands for carbon storage: grazing and 
woody encroachment effects on soil carbon and nitrogen. 
PloS one, 10(10), e0109063. doi: 10.1371/ 
journal.pone.0109063 

Zarekia, S., Jafari, M., Arzani, H., Javadi, S. A., Jafari, A. A. 
2012. Grazing effects on some of the physical and 
chemical properties of soil. World Applied Sciences 
Journal, 20(2), 205-212.  

Zhang, Y., Liu, J., Jia, X., Qin, S. 2013. Soil Organic Carbon 
Accumulation in Arid and Semiarid Areas after 
Afforestation: a Meta Analysis. Pol J Environ Stud, 22(2), 
611 620.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Zhou, Z.-Y., Li, F.-R., Chen, S.-K., Zhang, H.-R., Li, G. 2011. 
Dynamics of vegetation and soil carbon and nitrogen 
accumulation over 26 years under controlled grazing in a 
desert shrubland. Plant and soil, 341(1-2), 257-268. doi: 
10.1007/s11104-010-0641-6 

Zhou, Z., Sun, O. J., Huang, J., Li, L., Liu, P., Han, X. 2007. 
Soil carbon and nitrogen stores and storage potential as 
affected by land-use in an agro-pastoral ecotone of 
northern China. Biogeochemistry, 82(2), 127-138. doi: 
10.1007/s10533-006-9058-y 

 
 

******* 

22878                                    International Journal of Development Research, Vol. 08, Issue, 09, pp. 22870-22878, September, 2018 
 


