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Abstract—Global warming has led to a positive feedback loop 
between global carbon cycle and climate system, which will 
help answer regional climate change and global carbon balance. 
The sensitivity of soil respiration to temperature change (Q10) 
is a very important parameter in the regulation of regional and 
global carbon balance. Soil respiration increases with the 
increase of temperature, global warming is believed to 
stimulate soil respiration, and thus reduce the carbon 
sequestration intensity of terrestrial ecosystems. However, if 
soil respiration is not sensitive to long-term changes in 
temperature, when the temperature rises and the 
concentration of CO2 increases, the deposition of carbon will 
be more effective. At present, there are few studies on the role 
of desert ecosystem in arid area, which is the area of 1/4 of 
China, and the temperature sensitivity of soil respiration in 
arid region is generally lower than that of other regions. 
Comprehensive analysis of domestic and international studies 
on soil respiration and its temperature sensitivity, and the 
carbon balance of soil respiration and arid area, is helpful for 
us to understand the carbon cycle of desert ecosystem and its 
response to climate change. 

Keywords-Soil respiration; Desert riparian forest; Ecosystem ; 
Temperature sensitivity. 

I.  INTRODUCTION  
Global warming led to the formation of a positive and 

negative feedback loop between the global carbon cycle and 
climate system, all research linked to the carbon cycle that is 
related to the change of temperature will help answer the 
regional climate change and global carbon balance. The main 
soil carbon releasing process from the soil carbon pool 
(terrestrial ecosystem carbon pool in second) is the soil 
respiration, as the second large flux in terrestrial ecosystems, 
small changes in soil respiration can seriously change the 
atmospheric CO2 concentration equilibrium, which further 
affect the global climate stability, therefore, the sensitivity of 
soil respiration to temperature (Q10) as the control of 
regional and global carbon balance is one of the key 
parameters to be concerned. Soil respiration will increase 
with the increase of temperature, global warming is 
considered to stimulate soil respiration, thereby reducing the 
carbon sink strength of terrestrial ecosystems. However, if 
the soil respiration is not obviously sensitive to long-term 
changes of temperature, with increasing of the temperature 
and the concentration of CO2 in the atmosphere, the carbon 
sink strength of terrestrial ecosystems will probably be more 

effective. Huang Xiang found that the soil respiration Q10 
value (0.2 ~ 0.3) of Populus euphratica forest in Tarim River 
is lower than the global average Q10 value (2) nearly to an 
order of magnitude, and was significantly lower than that of 
the same latitude forest and grassland (Huang et al., 2007); at 
the same time, the superposition effect of water also causes 
the value (Q10) of soil breathing significantly changes 
(Huang et al., 2011; Huang and Ma, 2012). When the 
atmospheric CO2 concentration and the temperature of 
climate continue to rise, the extremely low Q10 values of 
Populus euphratica and Tamarix as the main edificators of 
desert riparian forest in lower reaches of the Tarim River 
have significant differences on the regional and global 
(Huang x, et al. Ecohydrology), which means the soil 
respiration in this area will not be irrigated like other 
ecosystems where nature is excited in the background of 
global warming,, why causes this difference? Dose this due 
to the effect of soil substrate, microbial activity, and very 
low soil moisture content? Or be caused by the results of the 
joint role of these factors? Whether this can make the 
ecosystem carbon deposition intensity is increasing, and 
whether the carbon sink ability will continue to enhance? 
What are the intrinsic characteristics and mechanisms of soil 
carbon emissions to climate change? The answers to these 
questions will help us to understand the carbon cycle process 
of desert ecosystem and its response to climate change, to 
provide important scientific basis for the assessment of the 
value of ecosystem, and provide feasible measures for 
ecosystem management. 

In all biomes, soil respiration rate of desert ecosystem 
was the lowest; it is often regarded as a small role in global 
carbon cycle of regulation desert, so the research related to it 
is the least. However, the area coverage of the earth's land 
surface is nearly 1/4 of the earth, while the respiratory rate 
was the lowest, based on the large absolute area, the soil 
respiration in desert ecosystem impact on regional and global 
carbon balance is very important. Additional, with the impact 
and change of climate change and human activities, the area 
of the desert which is accounting for 41% of the global land 
continues to degradating. So the research on the soil 
respiration in desert ecosystem can not be ignored. 

In the past few decades, the studies on the soil respiration 
are very active, partly because the soil respiration is one of 
the least understood themes of ecosystem ecology, and also 
because the soil respiration represents the second flux 
between atmospheric and terrestrial ecosystems carbon cycle. 
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As a key process of ecological system, soil respiration and 
ecosystem productivity, soil fertility and regional and global 
carbon cycle are closely related. Because the global carbon 
cycle controls climate change, soil respiration is also 
associated with climate change, carbon trading, and 
environmental policy. In short, the soil respiration has 
become an interdisciplinary research topic, not only be 
researched by the ecologist and soil scientist, microbiologist, 
agronomists and industry attention, atmospheric scientists 
and biogeochemical scientists, but also concerned by carbon 
traders and policy makers(Luo and Zhou, 2007) 

II. THE SENSITIVITY OF SOIL RESPIRATION TO 
TEMPERATURE (Q10) 

In response to the global climate warming, soil 
respiration may substantially increase the concentration of 
carbon dioxide in the atmosphere, and is higher than the 
contribution of human activities, depending on the related 
mechanism of sensitivity of soil respiration to temperature 
(Tucker et al., 2013). Soil respiration is very sensitive to 
environmental changes. The sensitivity of soil respiration to 
temperature change is a very important parameter to control 
the global carbon balance. Soil respiration increased with the 
increase of temperature (and Schlesinger Raich, 1992), as a 
result of seasonal variation in soil respiration. From this 
point of view, global warming is believed to stimulate soil 
respiration, reduce carbon sink strength of terrestrial 
ecosystems. Cox (Cox et al., 2000) will be a carbon cycle 
model and a global circulation model and emphasizes the 
importance of the temperature sensitivity of respiration in 
climate prediction in the future, this research has stimulated 
researchers to be interested in the research of the temperature 
sensitivity of soil respiration. 

At present, the positive correlation between soil 
respiration and temperature has been widely (Eliasson et al. 
Lloyd and, 2005; Taylor, 1994) and laboratory (Fang et al., 
2005a Hartley et; al., 2007) confirmed in field experiment by 
researchers. This relationship is consistent with the simple 
physical and chemical laws related to activation energy and 
enzyme (and Janssens Davidson, 2006). However, it is 
important that soil heterotrophic respiration in natural 
systems is not completely controlled by the temperature, but 
also is influenced by a substrate bioavailability (including 
intractable number) (Fierer et al. Hartley and, 2005; Ineson, 
2008; Kirschbaum, 2004a), and non biological environment 
(including climate factor), and the intrinsic properties of soil 
microbial communities (Allison et al. Bradford et, 2010; al., 
2008; Lipson et al. Zhou et, 2009; al., 2012). These factors 
may combine to reduce the sensitivity of soil respiration to 
temperature. In fact, a growing number of studies have 
demonstrated that the lowest temperature stimulates the soil 
respiration (Giardina and Ryan, 2000a) or with the passage 
of time, temperature stimulation appears to decay (Eliasson 
et al., 2005; Luo et 2001a; Melillo al., et al., 2002). Due to 
the similar acclimation of respiration in plants at different 
ambient temperatures (Atkin and Tjoelker, 2003), this is 
called "decay heat acclimation" (Kirschbaum, 2004b), 
"domestication" (Luo et, al., 2001b) or "adaptive" (Bradford 
et al., 2008). In plants, domestication refers to the 

physiological process strictly, and refers to an ecosystem 
level phenomenon, which may push through a variety of 
mechanisms, including substrate consumption, and changes 
in microbial community composition (Zhou et al., 2012) and 
physical changes etc.. Luo (Luo et al., 2001a) did the 
warming experiment in the natural grassland, which revealed 
that the "adaptation" phenomenon, due to adapt, after 
exposure to the experimental ecosystem warming period, soil 
sensitivity to temperature began to decline, the results of 
these studies make a challenge generally assumes the global 
model, which assumed that the decomposition of organic 
matter respiration carbon release in the process of global 
warming and the increase of age. However, recent research 
shows that the temperature sensitivity of soil organic matter 
decomposition is not changed by the difference of soil depth, 
the sampling method and the training time (Fang et al., 
2005b Knorr et; al., 2005). Using the three base model to 
analyze soil culture data, and put forward the theory that the 
temperature sensitivity of turnover slow carbon pool is 
higher than that of the rapid turnover carbon pool.  

The difference of temperature sensitivity of soil 
respiration has regional and global significance. Global 
warming will greatly stimulate the role of soil respiration, 
resulting in more CO2 released into the atmosphere to 
capture heat. Therefore, there is a positive feedback loop to 
be formed between the climate system and the global carbon 
cycle, and both are strengthened (ET al. Friedlingstein, 2003). 
The Q10 value based on a fixed global temperature 
sensitivity (such as 2.0), if the global temperature rise of 2°C, 
soil respiration will release additional 10 PgC·a-1 carbon, 
which is more than the current carbon release amount caused 
by human activities. The soil organic carbon pool provides a 
huge storage of carbon, and carbon loss through soil 
respiration is the main component of the global carbon cycle 
(Raich and Schlesinger Schlesinger and, 1992; Andrews, 
2000). Soil respiration and soil temperature was positively 
correlated (Lloyd and Taylor, 1994) and the former increase 
with global warming (Cox et al., 2000), soil heterotrophic 
respiration on feedback temperature rise is amplified, the 
emissions of carbon dioxide from soil heterotrophic into the 
atmosphere is 35% more than the release caused by human 
activity(the Cox et al.. 2000). However, the magnitude of 
this response depends on the sensitivity of soil respiration to 
temperature (Kirschbaum, 1995, 2004a; et al. Tucker, 2013). 
Grace and Rayment(Grace and Rayment, 2000) used a 
relatively simple model to clarify if the respiration increased 
with long-term temperature increases, the forest carbon sink 
will be reduced. If respiration is not sensitive to long-term 
changes of temperature, with the increase of CO2 in the 
atmosphere, the carbon deposition will be more effective. 
Therefore, the hypothesis related to the temperature 
sensitivity of soil respiration has a profound impact on the 
long-term prediction of global and regional carbon cycle and 
climate change.  

The temperature sensitivity of soil respiration may also 
be a key factor to determine the carbon balance in the region. 
Global warming may lead to a large number of soil carbon 
loss in hot spots (ET al. Trumbore, 1996). Carbon that is 
easy to decompose is more stored in the boreal forest and 
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tundra where the temperature is expected to rise more greatly 
The original carbon accumulated in the soil during the cold 
period, due to response to climate change, with the warming 
of the soil, it is now being decomposed and released through 
the soil respiration. Therefore, it is very important to 
understand the laws of soil respiration in different regions, 
which is a key factor to predict the regional and global 
carbon cycle. The coefficient of temperature sensitive of soil 
respiration and its variation for the accurate understanding of 
soil respiration is important to study the soil and the "carbon 
sink" budget and unknown "carbon sink" (Zhao Zhimin and 
Zhao Chengyi, 2012). 

III. SOIL RESPIRATION AND CARBON BALANCE OF 
ECOSYSTEM IN ARID AREA 

The change of terrestrial ecosystem carbon fluxes and 
carbon source / sink evaluation is more and more attention 
due to the intensification of global climate change. The 
accurate estimation of GPP, NPP and the change trend of 
ecosystem respiration and dynamic changes in the future will 
not only help to understand the carbon cycle and global 
climate, but also to understand the basis for the fragile 
ecosystem and evaluation adaptability. Desert ecosystem is 
one of the most fragile ecosystem, which has the 
disadvantages of simple structure and weaker resist 
interference function, and this ecosystem can quickly show 
the response to environmental change, so the study of 
dynamic pattern of desert ecosystem carbon storage of desert 
ecosystem carbon source / sink will help to evaluate and 
predict the future changes in the ecological environment. Up 
to now, however, the literature on soil organic carbon is 
more focused on the huge and fragile carbon storage in 
humid environment. Although the ecological system of dry 
land is generally considered to be highly sensitive to 
environmental changes, its importance in the global carbon 
cycle has not been paid enough attention (ET al. Schimel, 
2003; Asner, 2010). The research on the relationship 
between soil organic carbon storage and soil depth, eco 
hydrology, geomorphology process and organic carbon 
storage is very limited (ET al. Hoffmann, 2012). 

The desert and semi-arid ecosystem occupies 35% of the 
land surface (Stone et al., 2012), which created the largest 
biome (Reynolds and Hunter, 2001), and its net primary 
productivity in the region accounted for about 20% of the 
total land productivity (Gao et al., 2012), and stored the 
15.5% of a global organic carbon storage (Lal, 2004). Due to 
its large area, the characteristics of the rapid response to the 
micro climate change, arid land ecosystem is usually 
considered as a hot area of climate change (ET al. Hoffmann, 
2012). Under stress, low nutrition level of drought and low 
vegetation coverage, the carbon of desert and semi-arid 
regions is considered to be carbon neutral or carbon source 
for a long time in the terrestrial carbon cycle (Conant et al. 
Song et, 2000; al., 2012). However, because of human 
activities, the soil of arid land is more easily to produce 
degradation and desertification. Most degraded upland soils 
can be considered to be in highly unsaturated SOC soils, thus 
the SOC uptake is highly likely (Lal, 2004). And recent 
results also show that the rate of carbon uptake in the arid 

region of Israel is similar to that of the European humid 
forest (and Yakir Rotenberg, 2010). Compared with soil in 
wet area, the mineralization of SOC is limited by the lack of 
water in the soil in arid area, which reduces the emission of 
organic carbon to the atmosphere. Thus, the SOC retention 
time in the desert soil can be much longer than that in the 
humid regions of the soil (ET al. Glenn, 1993). Moreover, 
some recent studies have found that when the carbon flux in 
the ecosystem level is measured by using the eddy 
correlation method, arid area appeared carbon absorption 
phenomenon (Hastings et al. Wohlfahrt et, 2005; al., 2008; 
Xie et al., 2009), which show that the desert ecosystem is 
likely to be the "missing sink of atmospheric carbon dioxide" 
but this is by questioned some desert experts(Schlesinger et 
al., 2009). 

Under the global climate change of the future, the 
amount of rainfall and time distribution of global or local 
area will have a certain change. the carbon sink function 
showed great uncertainty affected by water conditions, 
sensitive to rainfall change, (Peng Qin et al., 2012). The 
response of the desert ecosystem to the future atmospheric 
CO2 concentrations will be significantly affected by the 
precipitation pattern (either in the 2006). Research has 
shown that an increase in the temperature and precipitation 
patterns and climate change under changing will lead to 
changes in many arid ecosystem structure (such as 
vegetation composition) and function (such as carbon 
assimilation changes(Midgley et al., 2004), and change from 
the carbon source to carbon sequestration (Gao et al., 2012; 
Mcguire et al., 1995; Raich and Schlesinger, 1992; Rustad 
and Fernandez, 1998). in addition, due to climatic changes, 
the scope of arid zone may increase sharply (Maestre and 
Cortina, 2004) to increase the concentration of carbon 
dioxide in the atmosphere and climate change, which may 
lead to an increase of 17% in the desert area (Emanuel et al., 
1985). Considering wide range of these lands increased or 
decreased in arid and semi arid ecosystem, the global carbon 
balance and climate change may have been significant 
influenced (Hastings et al., 2005). 

IV. OUTLOOKS 
With the rapid development of desertification, the plant 

community retrogressive succession occurred. Species 
composition, plant community coverage and biomass, soil 
physical and chemical properties changed significantly, 
which may cause soil respiration and ecosystem carbon 
sequestration significant changes (Ding Jinzhi et al., 2011). 
But the current understanding of the process of desert 
ecosystem succession in soil respiration and carbon balance 
changes and environmental control mechanism is still not 
comprehensive, which lead the inaccurate estimates to the 
wide range of carbon loss in arid areas due to desertification 
ecosystem (Li Pingheng, 2012). On the other hand, the 
contribution of carbon sequestration of vegetation restoration 
in the region is difficult to accurately assess, so it is 
necessary to conduct in-depth studies (Ding Jinzhi et al., 
2011). Therefore, it is recommended that the restoration 
process of desert riparian forest is choose as the research 
object, measuring the changes of respiration and soil organic 
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carbon and soil respiration in different successional stages 
and corresponding plant communities, and revealed variation 
of soil respiration in this area and the environment control 
mechanism, analysis of the impact of temperature sensitivity 
of soil respiration and carbon sequestration, and according to 
the various areas of future climate change of scene 
simulation scheme, predict the future under climate change 
scenarios, desert riparian forest soil respiration temperature 
sensitivity and dynamic change of carbon storage and 
distribution pattern, provide support for the research of 
regional carbon balance, and provide a theoretical basis for 
climate change under the desert riparian forest carbon cycle 
response mechanism. 

It is suggested that the research focuses on the desert 
riparian forest as the research object, surrounded by the 
temperature sensitivity of soil respiration index (Q10) lower 
than the global average of 1 orders of magnitude, start from 
the ecosystem carbon process as the breakthrough, by 
separating the quantitative investigation and soil respiration 
to soil organic carbon groups, and analysis the coupling 
relationship between the temporal and spatial distribution 
characteristics of desert riparian forest the soil organic 
carbon and soil respiration intensity. Meanwhile, it is 
necessary to attribute all relevant factors affecting soil 
attribution and reveal the inherent mechanism of desert 
riparian forest soil respiration according biochemistry, soil 
aggregates and ecosystem scale why the temperature 
sensitivity of soil respiration is low in this area, and build the 
temperature sensitivity of soil respiration model parameters, 
and determine the intensity of carbon emissions desert 
riparian forest soil under the effect of low temperature 
sensitivity; by artificially increasing temperature and 
humidity control experiment and soil respiration and Joint 
monitoring of ecosystem respiration, and discuss carbon 
balance and carbon deposition efficiency in desert riparian 
forest ecosystem under the background of climate change 
and its change trend, understand the future change of 
environment of desert riparian forest ecosystem carbon sink 
function, and strive to achieve a breakthrough in the loop 
response mechanism of climate change and its dynamic 
ecosystem in desert area of carbon. 
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