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The Da Xing’an Mountain is a key distribution area for Chinese boreal forests and is a fire-prone area. 
Frequent forest fires have influenced on the regional carbon cycle enormously, especially for the 
influence of soil respiration. Thus, understanding post-fire soil respiration is important in the study of 
the global carbon balance. This study chose different fire intensities burned area in 2006 and near 
unburned area as study area. The objectives of this study were to (1) investigate soil respiration and its 
components after different intensities of fire disturbances; (2) determine the relationship between post-
fire soil respiration and soil temperature and soil water content. The results show that heterotrophic 
respiration is reduced with an increase in fire intensity, whereas autotrophic respiration increases with 
an increase in fire intensity. The soil respiration does not significantly correlate with fire intensity (P > 
0.1). T and W accounted for 56.3 to 77.4% of soil respiration; this percentage increased with an increase 
in fire intensity. The results provided a foundation for further studies on the effect of forest fires on the 
soil carbon balance in boreal forests. 
 
Key words: Soil respiration, Larix gmelinii Rupr. forest, fire intensity, heterotrophic respiration, environment 
factors. 

 
 
INTRODUCTION 
 
Global climate change, driven by increasing atmospheric 
concentrations of carbon dioxide (CO2), is a foremost 
environmental concern, and considerable research has 
focused on quantifying the components of the global 
carbon (C) cycle (Savage et al., 2008) . Soil is a major 
biospheric reservoir for carbon (C), containing twice as 
much of the global C as the atmosphere and three times 
as much as vegetation (Granier et al., 2000). The carbon 
from the soil is released into the atmosphere through soil 
respiration (Hibbard et al., 2005). Soil respiration (Rs), 
which  originates  from  autotrophic  root  respiration  (Ra)  
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Abbreviations: Rs, Soil respiration; Rh, heterotrophic microbial 
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rhizosphere and the bulk soil, provides the main carbon 
microbial respiration (Rh) in the and heterotrophic efflux 
from terrestrial ecosystems to the atmosphere and is 
therefore an important component of the global carbon 
balance (IPCC, 1996; Buchmann, 2000; Schlesinger and 
Andrews, 2000). Soil respiration contributes 30 to 80% of 
the total respiratory efflux in most ecosystems (Davidson 
et al., 2002), and is thus considered a key component of 
the carbon cycle. Small changes in Rs can have a great 
effect on CO2 atmospheric concentrations and provide a 
potential positive feedback loop between increasing 
temperature and enhanced Rs that may ultimately 
accelerate global warming (Grace and Rayment, 2000; 
Schlesinger and Andrews, 2000; Sánchez et al., 2003; 
Rodeghiero and Cescatti, 2005). Understanding the 
mechanisms of, and potential changes to, the soil–
atmosphere exchange of CO2 through Rs is a critical 
aspect of understanding ecosystem responses to climate 
change. Thus, measurements of Rs have  become  a  pri- 
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mary tool for terrestrial carbon cycling research (Savage 
et al., 2008). 

Boreal forests, which are very sensitive to climatic 
change (Gorham, 1991), are expected to be severely 
affected by global warming (IPCC, 2001). Boreal forests, 
containing roughly 40% of the world’s reactive soil 
carbon, an amount similar to that held in the atmosphere, 
play an important role in the global soil carbon pool 
(Melillo et al., 1993; McGuire et al., 1995; Schlesinger, 
1997; Kasischke and Stocks, 2000). In the boreal forest 
ecosystem, the major factor influencing carbon 
absorption and emission is forest fires (Kasischke et al., 
1995, 2000; Kasischke, 2000; McGuire et al., 2004; 
Czimczik et al., 2006). Frequent and serious forest fires 
have a significant effect on the carbon balance in the 
boreal forest (Kasischke et al., 1995; Kasischke and 
Stocks, 2000). The loss of soil carbon from the boreal 
forest during and after forest fires is not only the main 
determinant of the forest carbon balance (Harden et al., 
2000), but is also one of the factors contributing to signifi-
cant uncertainties in global carbon balance estimations 
(French et al., 2004). These uncertainties arise from the 
high heterogeneity of the soil, the differences in the soil 
environment (Ottmar and Sandberg, 2003) and the 
complexity of forest fires (Hinzman et al., 2003). Forest 
fires partially or fully burn the forest vegetation, resulting 
in huge changes to soil temperature (T), soil water 
content (W), soil microbial activities, roots, and Rs. The 
relationship between the quantification of these environ-
mental factors and Rs plays an important role in the 
development of fire disturbance ecosystem response 
models (O'Neill et al., 2002a). Thus, the ecosystem of the 
boreal forest is a crucial area in understanding the effect 
of forest fire on soil respiration. China’s boreal forests are 
mainly located in the Da Xing’an Mountain. The main 
forest type in this region is the Larix gmelinii Rupr. forest, 
which accounts for over 70% of the area(Xu, 1998). The 
L.. gmelinii Rupr. forest ecosystem is important to China’s 
forest ecological, as well as in global changes and in the 
regional carbon balance; however, there have been few 
studies on Rs in the L. gmelinii Rupr. forest and results 
have been inconclusive (Gower et al., 2001; Wang et al., 
2001). 

Based on fire statistics, 959 fires occurred in the Da 
Xing’an Mountain of Heilongjian from 1980 to 2009 and 
the burn area was 2.89 × 10

6
 hm

2
, of which 1.47 × 

10
6
 hm

2
 was forest. Forest fire has become the major 

natural disturbance factor in the boreal forest ecosystem 
in China. The stands in this area selected for this current 
study have been exposed to the most representative and 
typical fires. 

Currently, studies on forest Rs in China mainly focus on 
the forests of the temperate and subtropical zones (Jiang 
and Huang, 1997; Liu et al., 1998; Ma et al., 2000; Sun et 
al., 2001; Zhang et al., 2007). Few studies have been 
performed on the Rs of forests at high latitudes. How does 
the forest fire influence the soil respiration is a key 
scientific problem. 

 
 

 
 

In this study, ixed monitoring sample plots of forest 
areas burned at different intensities and neighboring 
unburned control areas, were assigned to measure 
effects of burning on Rs, T, W, and other indices 
throughout the growing season. What we tried to explain 
were as follows: (1) to quantify the dynamic charac-
teristics of Rs, Ra and Rh in the L. gmelinii Rupr. forest 
throughout the growing season; (2) to study the effects of 
different intensities of fire disturbances on Rs and its 
components; and (3) to determine the relationship 
between Rs and T and W throughout the growing season 
before and after fires.  
 
 
Site 
 
This study site is located at the Nanwenghe Forest 
Ecosystem Research Station in Songling area of the Da 
Xing’an Mountain in Heilongjiang province of China. The 
station is in the southeast of the Da Xing’an Mountain at 
the southern foot of Yilehuli Mountain on the boundary of 
Songling. On the north is the Yilehuli Mountain, east of 
Ergenhe, and on the south is the Songling and the 
Jiagedaqi Forestry Bureau. Its geographical coordinates 
are 51°05′07″–51°39′24″ northern latitude and 
125°07′55″–125°50′05″ eastern longitude. This state-
owned forest covers a total area of 229,523 hm

2
 at 500–

800 m above sea level. It has a low-mountain hilly terrain 
with a broad valley.  

The climate zone of the site is cold temperate with a 
continental monsoon. The average annual temperature is 
-3°C and the extreme minimum temperature is -48°C. It 
has a 500 mm annual rainfall and 90 to 100 frost-free 
days. The soil in this area is brown coniferous forest soil. 
The forest type before the fire was a half-mature forest of 
Rhododendron L. gmelinii Rupr. The species composition 
was 10 Larch + Birch + Populus. In April 2006, a forest 
fire broke out in 798 high lands of the Kandu River in the 
Songling area of the Da Xing’an Mountain. The total 
burned area was 12 × 10

4
 to 15 × 10

4 
hm

2
, and the 

burned forest area was over 5 × 10
4
 hm

2
. This study 

sample plot is located within the range of the fires. 
 
 
METHODS 

 
Sample plot description 

 
Areas that burned in April 2006 in serious, moderate or mild fires 
were selected for this study and the neighboring unburned sample 
plots were used as control plots. A total of 12 plots 20  × 20 m each, 
consisting of three sample plots and a control plot for each type of 
burn (serious, moderate or mild), were selected. Seriously burned 
areas were defined as having a tree death rate of 88.04% with fully 
burned undergrowth, dead soil covering and duff. The average 
blackened tree height in the seriously burned areas was 5.86 ± 0.8 
m. In the moderately burned areas, the tree death rate was 64.60% 

and fully burned the dead soil covering and duff, though the color 
under the duff was unchanged. The average blackened tree height 
in these areas was 2.32 ± 0.4 m.  In  the  mildly  burned  areas,  the  



 
 
 
 
forest death rate was 23.91 and 5.0% of the undergrowth was 
burned out. The average blackened tree height was 1.45 ± 0.5 m.  
 
 
Soil respiration measurement 

 
An LI-8100-103 Portable Survey Room was connected to the LI-
8100 Automatic Measuring System for Soil Carbon Flux (LI-COR 
Inc., NE, USA) to detect Rs. In early May 2010, 5 PVC soil rings, 
with an inner diameter of 19 cm and height of 7 cm, were randomly 
arranged in each sample plot. The PVC soil rings were pressed into 
the soil after one end was sharpened to reduce the suppression 
effect caused by the arrangement of the soil rings. The resultant 

height above ground for each soil ring was 2 to 3 cm and the 
position of each ring was kept unchanged during the measurement 
period. The first measurement was made 24 h after the arrange-
ment of the soil rings was completed (Wang et al., 2002). 

The trench method was used to measure Ra (Bond-Lamberty et 
al., 2004). In early May 2010, four 50 × 50 cm quadrats were 
randomly set in the periphery of each fixed sample plot, 1 to 2 m 
from the border of the sample plot. The root zone was trenched 
(approximately 45 to 55 cm), and double-layer plastic sheets were 

used to divide the peripheral root system into enclosed quadrats. 
The living plants in the quadrats were carefully removed so that no 
living plants would be present in the quadrats during the 
measurement period. Finally, a soil ring was placed in each 
quadrat. The CO2 flux values of these quadrats was Rh, and the 
difference in the CO2 flux values between the trenched and the 
untrenched quadrats was Ra (Luo and Zhou, 2006). The root 
system contribution rate was the percentage of Ra account for Rs. 
Measurements were conducted each month from May to 

September 2010 for a total of five measurements. 
At the time of soil respiration measurement, an LI-8100 Self Soil 

Temperature Probe (P/N 8100-201) and an ECH2O-type EC-5 Soil 
Moisture Probe (P/N 8100-202) (Decagon Devices, Inc., Pullman, 
WA) were used to measure T and W at 5 cm soil depth. 
 
 
Data analysis 

 

The SAS 9.0 statistical software package (SAS Institute Inc., Cary, 
NC, USA) was used for data processing. ANOVA and multiple 
comparisons were conducted for Rs and Rh at different intensities 
and months. After log transforming Rs and Rh, a multiple regression 
analysis was conducted on Rs, ln(Rs), Rh, ln(Rh), T and W in order 
to establish a relationship model between soil respiration, T, and 
soil humidity. In addition, a residual inspection was conducted for all 
models to meet the statistical requirements.  
 

 

RESULTS 
 

Seasonal dynamics of Rs after different intensities of 
fire disturbances 
 

In the burned sample plots with three burn different 
intensities and unburned control areas, the seasonal 
dynamics of Rs and Rh throughout the growing season 
shows a single peak trend (Figure1). The Rs’s of the 
burned sample plots were significantly less than those of 
the control plots (α = 0.05) for every month. The 
maximum Rs occurred in July for every sample plot; the 
minimum Rs occurred in September for all sample plots 
except for the mild burn intensity plot, in which the 
minimum Rs occurred in May (Figure 1). 

Effects of fire intensity showed seasonal dynamics. The 
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Rs’s of the plots with the same fire intensity showed 
significant seasonal dynamics (α = 0.05) (Figure 1). The 
seriously burnt sample plots exhibited the maximum 
seasonal effect, with the respiration rate in July being 5.7 
times that in May. The moderately burnt sample plot 
exhibited the smallest seasonal effect, with a 3.4 fold 
greater respiration rate in July 3.4 than in May. The 
respiration rates of the control and mildly burnt sample 
plots in July were 3.6 times greater than in May.  

For every month examined, burn intensity had a signi-
ficant effect on Rs (Figure 1). The Rs’s in descending 
order for each month are as follows: in May and June: 
control >moderate >mild >serious; in July and August: 
control >moderate >serious >mild; and in September: 
control >mild >moderate >serious. For all sample plots, 
the burn intensity effect was greatest in September when 
the Rs of the control plot were 2.5 times that of the 
seriously burnt sample plot. The effect was least in July 
when the Rs of the control sample plot were 1.4 times 
that of the mildly burnt sample plot. Based on the 
average respiration rate throughout the entire growing 
season, the Rs’s in descending order are as follows: 
control >moderate >mild >serious. The Rs of the control 
sample plot was 1.45 times that of the seriously burnt 
sample plot (Table 1).  
 

 

Seasonal dynamics of soil Rh after different 
intensities of fire disturbances  
 

The maximum Rh of the control plot occurred in June and 
all other sample plots peaked in July. The minimum Rh 
occurred in September for all plots (Figure 1). These 
results indicate significant synchronization of Rs with Rh 
(Figure 1). Throughout the entire growing season, the Rh 
of the control plot was higher than that of all burned 
sample plots. However, except for June and September, 
the differences between the control and burnt plots were 
not significant (α = 0.05) (Figure 1).  

Seasonal effects on Rh were seen in all burn intensity 
plots. The seriously burnt sample plot showed the highest 
seasonal effects. The difference between the Rh of the 
month with maximum values and the month with the 
minimum values was almost 8.8 fold. The mildly burnt 
sample plot had the smallest seasonal effect with a 
maximum difference of 3.4 for (Figure 1).  

Burn intensity affected Rh. The Rh values for each burn 
intensity averaged over the entire growing season ranked 
as follows: control >mild >moderate >serious. The one 
exception was in May and August, the Rh of the 
moderately burnt plot was slightly higher than that of the 
mildly burnt plot (Figure 1).The Rh values for the all four 
burn intensities plots were in the range of 3.25 to 
5.13 μmol·m

-2
·s

-1
.  

 

 

Estimate of Ra and Rc 
 

An  abnormal  value  in  the  seriously  burnt  sample  plot 
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Figure 1. The seasonal dynamics of Rs and Rh after different intensities of fire 

disturbances in Larix gmelinii forest. 
 
 
 

Table 1. Average Rs, Rh, Ra, Rc for all burn intensities over the entire growing season. 
 

Fire intensity 
Rs (μmol·m

-2
·s

-1
) Rh (μmol·m

-2
·s

-1
) Ra (μmol·m

-2
·s

-1
) Rc (%) 

Mean SE Mean SE Mean SE Mean SE 

Serious 4.64
A
 0.37 3.25

A
 0.32 1.39

AB
 0.39 30.34

A
 5.94 

Moderate 5.13
AB

 0.36 4.32
AB

 0.32 0.81
AB

 0.35 11.76
BC

 6.75 

Mild 4.81
AB

 0.29 4.36
AB

 0.27 0.46
A
 0.32 7.96

C
 5.55 

Control 6.72
B
 0.36 5.13

B
 0.46 1.59

B
 0.31 24.34

AB
 3.26 

 

A, B and C signifies significant differences between different fire intensities (α = 0.05). 
 

 
 

appeared in May, when the Rh (1.42 μmol·m
-2

·s
-1

) was 
higher than the Rs (1.32 μmol·m

-2
·s

-1
) (Figure 1). Thus, 

the data in June to September were used to estimate Ra 
and root respiration contribution (Rc) (Table 1).  

The average Ra values throughout the growing season 
are listed in descending order: control > serious 
>moderate >mild. The Ra of the control sample plot was 
3.5 times that of the mildly burnt sample plot. The rank of 
burn intensity Rc values differed slightly from the rank of 
burn intensity RA values. Burn intensities,  in  descending 

order of Ra values, were: serious (24.1 to 42.2%) 
>control (10.7 to 33.0%) >moderate (10.5 to 20.1%) 
>mild (0.7 to 14.2%) (Table 1). No consistent rule was 
observed for the Rc in the four sample plots (Table 1).  
 
 
Relationship between Rs, T, and humidity 
 
In this study, the natural logarithms of Rs and Rh were fit 
to   T   and  W  because  correctional  multiple  correlation 
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Table 2. Multivariable linear regression model among Rs/Rh, T and W 
 

Fire intensity Regression model Adj R-Sq P>F Percentage explained 

Serious 

Rs  = -0.6494 + 0.2762T + 0.4739 T × W 

ln(Rs)  =  -0.5438 + 0.0990T + 0.1511 T × W 

Rh = -2.2849 + 0.2403T + 18.7715W - 0.6644 T × W 

ln(Rh) = -1.8838 + 0.1392T + 9.7016W - 0.4229 T × 
W 

0.6634 

0.7687 

0.4337 

0.6056 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

66.69 

77.11 

44.37 

61.26 

     

Moderate 

Rs  = -1.4332 + 0.4627T + 4.8222W 

ln(Rs)  = -0.4384 + 0.1303T + 1.4706W 

Rh = 0.1810 + 0.3194T 

ln(Rh)  = -0.0211 + 0.1034T 

0.5830 

0.7052 

0.6965 

0.6906 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

58.75 

70.84 

69.85 

69.27 

     

Mild 

Rs = -8.0854 + 1.1614T + 29.2666W - 2.7724 T × W 

ln(Rs) =-2.0146+0.3045T+7.8312W-0.7197 T×W 

Rh  = -0.0165 + 0.3193T 

ln(Rh)  = -0.0182 + 0.0975T 

0.4654 

0.5359 

0.3413 

0.4945 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

47.34 

54.29 

34.53 

49.75 

     

Control 

Rs = -3.3137+0.9248T+18.2862W-1.6336 T×W 

ln(Rs) =-0.1918+0.1739T+3.4237W-0.2707 T×W 

Rh = -0.8131+0.4785T 

ln(Rh) =-0.5122+0.1585T+1.8261W-0.1304 T×W 

0.6525 

0.7090 

0.8088 

0.8778 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

65.82 

71.35 

81.11 

88.22 
 

No significant contribution of the equation has been omitted (α=0.05). 

 
 
 
coefficient of ln(Rs) and ln(Rh) was higher than that of Rs 
and Rh. Both Rs and Rh correlated positively and 
significantly with T. The relationship between Rs and Rh 
and W, and the interaction between T and W varied with 
the fire intensity (α = 0.05) (Table 2). In the seriously 
burnt sample plot, the correlation among ln(Rs), Rs and 
T, as well as among ln(Rs), Rs, T and W was positive, 
though the correlation with W was not significant. ln(Rh), 
Rh, T, and W correlated positively, whereas the corre-
lation between T and W was negative. In the moderately 
burnt sample pot, ln(Rs) and Rs correlated positively with 
W. The interaction between T and W was not significant 
and the relationship among ln(Rh), Rh, and W and the 
interaction of ln(Rh) and Rh with T and W was also not 
significant. In the mildly burnt sample plot, ln(Rs) and Rs 
significant correlated positively with T and W. A negative 
correlation was found T and W. Rh correlated positively 
and significantly with T and the interaction of Rh with W, 
T, and W was not significant. In the control sample plot, 
ln(Rs), Rs, and ln(Rh) correlated positively and signifi-
cantly with W but did not interact significantly with T and 
W; Rh had a significant positive correlation only with T 
but not with the other two parameters.  

With increasing burn intensity (except for the controls), 
the proportion of Rs explained with T and W increased. 
For severely, moderately and mildly burnt and control 
sample plots, T and W explained 77.11, 70.84, 54.29, and 
71.35%, respectively of the change in Rs determined 
using the log model. The proportion of Rh explained by T 

and W showed no trend with increasing burn intensity. 
The explained Rh proportions were 61.26, 69.27, 49.75 
and 88.22% for the seriously burnt, moderately burnt, 
mildly burnt, and control sample plots, respectively.  
 
 
DISCUSSION 
 
Soil respiration in different ecosystems 
 
In this study, Rs in the control sample plot was in the 
range of 2.59 to 9.33 μmol·m

-2
·s

-1
, which is similar to the 

findings of Zhang et al. (2008)’s studies on larch tree 
forests in the Genhe Forest Bureau of the Da Xing’an 
Mountain. This range is approximately 8 to 9 times that of 
the 0.31 to 1.09 μmol•m-2•s-1 found by Takakai et al. 
(2008) in Siberia and only slightly higher than the 1.6 to 
7.4 μmol•m-2•s-1 found by Liang N. et al. (2004) in 
Hokkaido. In addition, the result of this current study is 
higher than the range of 2.8 to 4.1 μmol•m-2•s-1 for 
Siberian conifer forests (Kelliher et al., 1999) and the 
range of 1 to 6.5 μmol•m-2•s-1 for temperate zone conifer 
forests (Law et al., 1999; Xu and Qi, 2001). Compared 
with the range of 1.14 to 14.0 μmol•m-2•s-1 for other cool 
temperate zone forest types our range was high 
(Schlentner and Cleve, 1985; Gordon et al., 1987; Funk 
et al., 1994; Burke et al., 1997; Moosavi and Crill, 1997; 
Savage et al., 1997; Billings et al., 1998; Rayment and 
Jarvis, 2000; O'Neill et al., 2002a).  
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In this paper, the range of the Rh rate in the control 
sample plot is 1.79 to 6.78 μmol·m

-2
·s

-1
, which accounts 

for 67.0 to 89.3% of the range of the Rs rate. This result 
is similar to Buchmann (2000)’s findings that Rh 
explained >70% Rs in 47-146–year –old Picea abies 
forest. Most research studies show that the proportion of 
Rs explained by Rh fluctuates between 50 and 68% 
(Nakane et al., 1996; Kelting et al., 1998; Lin et al., 1999; 
Hanson et al., 2000) obtained a 45 to 50% range of 
average Rc values in forest ecological systems 
(particularly coniferous forests) by summarizing the Rc 
values measured for most ecological systems before the 
year 2000 (Hanson et al., 2000). The Rc value of the 
current study was 10.7 to 23%, which is clearly lower 
than the average value found by Hanson. This 
contradiction with the literature may be explained by the 
lower density of the L. gmelinii Rupr. forest (Yang and 
Wang, 2006b) and the smaller number of existing shrubs.  
 
 
Effects of fire disturbance on soil respiration 
 

In general, fire reduces soil respiration. The magnitude of 
reduction depends on the fire intensity and duration 
(Weber, 1990; O'Neill et al., 2002a). Soil respiration and 
its components in the control sample plot were higher 
than those of the burned sample plots. The degree of 
reduction of soil respiration caused by fire disturbance 
depends on the Rh and Ra proportions because these 
two values have different responses to environmental 
variables, such as T, humidity, site position, climate, 
forest age and nutrient availability (Boone et al., 1998; 
Burton et al., 1998; Widén and Majdi, 2001).  

In this study, except for the control sample plot, Rh 
decreased with increasing fire intensity, whereas Ra 
exhibited the opposite trend. The decrease in Rh may be 
related to the loss of organic carbon in the litter and 
surface soil (O'Neill et al., 2002a). Based on simulations, 
Hicke et al. (2003) found that fire disturbances produce a 
number of resoluble substances, resulting in an increase 
in Rh. However, net primary productivity (NPP) in the 
early period of system recovery is thought to be lower, Rh 
appears to decrease in the second year after the fire 
ending up at a level lower pre-fire levels 5 years after the 
fire (Hicke et al., 2003). This current study was conducted 
in the fourth year after the fire, a and found Rh levels 
lower than pre-fire levels. 

Richter et al. (2000) found in their studies in the 
Alaskan area that soil respiration of burned areas is half 
that of unburned areas. They considered this finding to be 
caused by a decrease in Ra. In this current study, the Ra 
of the burned sample plots was lower than that of the 
control sample plot and showed a trend of increasing 
differences between burned and control plots with an 
increase in fire intensity. Ra in cold temperate zone 
forests is driven by recent photosynthetic rates (Högberg 
et al., 2001). Therefore, the observed trend may be 
caused   by   the   loss   of   canopy,   thus  promoting  the  

 
 
 
 
succession of vegetation and thus higher energy release 
from the surface of the seriously burnt sample plots. The 
presence of more shrubs in the seriously burnt plots 
could also explain this trend. Depergelation caused by 
fire may also be one of the reasons (O'Neill et al., 2002a). 
 

 

Relationships among Rs, T, and humidity 
 

The bioprocess of soil respiration is significantly affected 
by T and humidity (Raich and Schlesinger, 1992; Russell 
and Voroney, 1998). T is the key environmental factor 
that influences soil respiration (Davidson et al., 1998; 
Russell and Voroney, 1998; Savin et al., 2001). However, 
because of the interaction and reciprocal correlation of 
the soil temperature and humidity condition (Xu and Qi, 
2001; Wang et al., 2002) controlling and distinguishing its 
effect in field conditions are difficult. 

A number of soil carbon dynamic models use surface 
soil T and W, particularly at 10 cm, to predict the Rs (Ino 
and Monsi, 1969; Bunnell et al., 1977; Singh and Gupta, 
1977; Bonan, 1989; Bonan and Cleve, 1992). However, 
the results obtained by O'Neill et al. (2002a) indicated 
that these models cannot predict the Rs of an ecological 
system after a fire. In this study, the model predicting Rs 
takes into account T, humidity and their interaction. It is 
able to explain 71.35 and 88.22% of the change in Rs 
and Rh, respectively. A number of similar studies 
obtained similar results (Keith et al., 1997; Xu and Qi, 
2001; Kang et al., 2003; Yang and Wang, 2006a; Liu et 
al., 2008). In the burned sample plots, Rs increased with 
the increasing fire intensity, indicating that a fire 
disturbance removes some of the factors influencing the 
soil respiration rate and that the response of Rs to T and 
humidity is more significant. However, this trend does not 
appear in Rh, indicating that according to the model, the 
Ra caused by a fire disturbance increases with increasing 
fire intensity and that Rh is affected by other factors. 
Thus, in the control sample plot, Rh (88.22%)> Rs 
(71.35%), whereas in the burned sample plot, Rs> Rh. 
Therefore, a fire disturbance reduces the sensitivity of Rh 
to T and humidity and increases the sensitivity of Ra.  
 
 

ACKNOWLEDGEMENTS 
 

This research was supported by the National "973" 
Project (Grant No:2011CB403203), National Natural 
Science Foundation (Grant No:31070544), Graduate 
Students Thesis Projects Fund of Northeast Forestry 
University (Grant No:Gram09), CFERN&ENE Award 
Funds on Ecological Paper and Fundamental Research 
Funds for the Central Universities (Grant No: 
DL12CA07). We greatly appreciate the field assistance 
by Nenjiangyuan Forest-Wetland Ecosystem Research 
Station. We would also like to thank Christine Verhille at 
the University of British Columbia for her assistance with 
English language and grammatical editing of the 
manuscript. 



 
 
 
 
REFERENCES 
 
Billings SA, Richter DD, Yarie J (1998). Soil carbon dioxide fluxes and 

profile concentrations in two boreal forests. Can. J. For. Res. 28(12): 
1773-1783. 

Bonan GB (1989). A computer model of the solar radiation, soil 

moisture, and soil thermal regimes in boreal forests. Ecol. Model. 
45(4): 275-306. 

Bonan GB, Cleve KV (1992). Soil temperature, nitrogen mineralization, 

and carbon source-sink relationships in boreal forests. Can. J. For. 
Res. 22(5): 629-639. 

Boone RD, Nadelhoffer KJ, Canary JD, Kaye JP (1998). Roots exert a 

strong influence on the temperature sensitivity of soil respiration. 
Nature, 396(6711): 570-572. 

Buchmann N (2000). Biotic and abiotic factors controlling soil respiration 

rates in Picea abies stands. Soil. Biol. Biochem. 32(11-12): 1625-
1635. 

Bunnell FL, Tait DEN, Flanagan PW, Clever KV (1977). Microbial 

respiration and substrate weight loss-I: A general model of the 
influences of abiotic variables. Soil. Biol. Biochem. 9(1): 33-40. 

Burke RA, Zepp RG, Tarr MA, Miller WL, Stocks BJ (1997). Effect of fire 

on soil-atmosphere exchange of methane and carbon dioxide in 
Canadian boreal forest sites. J. Geophys. Res. 102(D24): 29289-
29300. 

Burton AJ, Pregitzer KS, Zogg GP, Zak DR (1998). Drought reduces 
root respiration in sugar maple forests. Ecol. Appl. 8(3): 771-778. 

Czimczik CI, Trumbore SE, Carbone MS, Winston GC (2006). Changing 

sources of soil respiration with time since fire in a boreal forest. 
Global. Change. Biol. 12(6): 957-971. 

Davidson EA, Belk E, Boone RD (1998). Soil water content and 

temperature as independent or confounded factors controlling soil 
respiration in a temperate mixed hardwood forest. Global. Change. 
Biol. 4(2): 217-227. 

Davidson EA, Savage K, Verchot LV, Navarro R (2002). Minimizing 
artifacts and biases in chamber-based measurements of soil 
respiration. Agr. For. Meteorol. 113(1-4): 21-37. 

French NHF, Goovaerts P, Kasischke ES (2004). Uncertainty in 
estimating carbon emissions from boreal forest fires. J. Geophys. 
Res. 109(D14): D14S08. 

Funk DW, Pullman ER, Peterson KM, Crill PM, Billings WD (1994). 
Influence of water table on carbon dioxide, carbon monoxide, and 
methane fluxes from Taiga Bog microcosms. Global. Biogeochem. 

Cy. 8(3): 271-278. 
Gorham E (1991). Northern peatlands: role in the carbon cycle and 

probable responses to climatic warming. Ecol. Appl. 1(2): 182-195. 

Gower ST, Krankina O, Olson RJ, Apps M, Linder S, Wang C (2001). 
Net primary production and carbon allocation patterns of boreal forest 
ecosystems. Ecol. Appl. 11(5): 1395-1411. 

Grace J, Rayment M (2000). Respiration in the balance. Nature 

404(6780): 819-820. 
Granier A, Ceschia E, Damesin C, Dufrene E, Epron D, Gross P, 

Lebaube S, Dantec VL, Goff NL, Lemoine D, Lucot E, Ottorini JM, 

Pontailler JY, Saugier B (2000). The carbon balance of a young 
beech forest. Funct. Ecol. 14(3): 312-325. 

Högberg P, Nordgren A, Buchmann N, Taylor AFS, Ekblad A, Högberg 

MN, Nyberg G, Ottosson-Löfvenius M, Read DJ (2001). Large-scale 
forest girdling shows that current photosynthesis drives soil 
respiration. Nature, 411(6839): 789-792. 

Hanson PJ, Edwards NT, Garten CT, Andrews JA (2000). Separating 
root and soil microbial contributions to soil respiration: A review of 
methods and observations. Biogeochemistry, 48(1): 115-146. 

Harden JW, Trumbore SE, Stocks BJ, Hirsch A, Gower ST, O'neill KP, 
Kasischke ES (2000). The role of fire in the boreal carbon budget. 
Global Change Biol. 6(S1): 174-184. 

Hibbard KA, Law BE, Reichstein M, Sulzman J (2005). An analysis of 
soil respiration across northern hemisphere temperate ecosystems. 
Biogeochemistry, 73(1): 29-70. 

Hicke JA, Asner GP, Kasischke ES, French NHF, Randerson JT, Collatz 
GJ, Stocks BJ, Tucker CJ, Los SO, Field CB (2003). Postfire 
response of North American boreal forest net primary productivity  

analyzed with satellite observations. Global Change Biol. 9(8): 1145- 
1157. 

Tan et al.         4839 
 
 
 
Hinzman LD, Fukuda M, Sandberg DV, III FSC, Dash D (2003). 

FROSTFIRE: An experimental approach to predicting the climate 
feedbacks from the changing boreal fire regime. J. Geophys. Res. 

108(D1): p. 8153. 
Ino Y, Monsi M (1969). An experimental approach to the calculation of 

CO2 amount evolved from several soils. Jpn. J. Bot. 20: 153-188. 

IPCC (1996). Climate change 1995. In: The science of climate change. 
Cambridge University Press, Cambridge, p. 572. 

IPCC (2001). Climate change In, The scientific basis. Cambridge 

University Press, Cambridge. 
Jiang G, Huang Y (1997). A study on the measurement of CO2 emission 

from the soil of the simulated Quercus Liaotungensis forest sampled 

from Beijing mountain areas. Acta. Ecol. Sin. 17(5): 477-482. 
Kang S, Doh S, Lee D, Lee D, Jin VL, Kimball JS (2003). Topographic 

and climatic controls on soil respiration in six temperate mixed-

hardwood forest slopes, Korea. Global Change Biol. 9(10): 1427-
1437. 

Kasischke ES (2000). Boreal ecosystems in the global carbon cycle. 

Ecol. Stud. pp. 19-30. 
Kasischke ES, Christensen NL, Stocks BJ (1995). Fire, global warming, 

and the carbon balance of boreal forests. Ecol. Appl. 5(2): 437-451. 

Kasischke ES, O'Neill KP, French NF, Bourgeau-Chavez LL (2000). 
Controls on patterns of biomass burning in Alaskan boreal forests. In: 
Kasischke E, Stocks B (Eds.), Fire, Climate Change and Carbon 

Cycling in the Boreal Forest, Ecol. Stud. Springer, pp. 173-196. 
Kasischke ES, Stocks BJ (2000). Fire, climate change, and carbon 

cycling in the boreal forest. Ecol. Stud. 138: 1-461. 

Keith H, Jacobsen KL, Raison RJ (1997). Effects of soil phosphorus 
availability, temperature and moisture on soil respiration in 
Eucalyptus pauciflora forest. Plant. Soil. 190(1): 127-141. 

Kelliher FM, Lloyd J, Arneth A, Lühker B, Byers JN, McSeveny TM, 
Milukova I, Grigoriev S, Panfyorov M, Sogatchev A, Varlargin A, 
Ziegler W, Bauer G, Wong SC, Schulze ED (1999). Carbon dioxide 

efflux density from the floor of a central Siberian pine forest. Agr. For. 
Meteorol. 94(3-4): 217-232. 

Kelting DL, Burger JA, Edwards GS (1998). Estimating root respiration, 

microbial respiration in the rhizosphere, and root-free soil respiration 
in forest soils. Soil Biol. Biochem. 30(7): 961-968. 

Law BE, Baldocchi DD, Anthoni PM (1999). Below-canopy and soil CO2 

fluxes in a ponderosa pine forest. Agr. Forest. Meteorol. 94(3-4): 171-
188. 

Liang N, Nakadai T, Hirano T, Qu L, Koike T, Fujinuma Y, Inoue G 

(2004). In situ comparison of four approaches to estimating soil CO2 
efflux in a northern larch (Larix kaempferi Sarg.) forest. Agr. For. 
Meteorol. 123(1-2): 97-117. 

Lin G, Ehleringer JR, Rygiewicz PT, Johnson MG, Tingey DT (1999). 
Elevated CO2 and temperature impacts on different components of 
soil CO2 efflux in Douglas-fir terracosms. Global Change Biol. 5(2): 
157-168. 

Liu H, Liu H, Wang Z, Xu M, Han X, Li L (2008). The temperature 
sensitivity of soil respiration. Prog. Geogr. 27(4): 51-69. 

Liu S, Fang J, Makoto K (1998). Soil respiration of mountainous 

temperate forests in Beijing, China. Acta. Phytoecol. Sin. 22(2): 119-
126. 

Luo Y, Zhou X (2006). Soil respiration and the environment. Academic 

Press, London. 
Gordon MA, Schlentner RE, Cleve KV (1987). Seasonal patterns of soil 

respiration and CO2 evolution following harvesting in the white 

spruce forests of interior Alaska. Can. J. For. Res. 17(4): 304-310. 
Ma Q, Zhang X, Han H, Zhang J, Zhang H, Zhao G, Liang T, Pian T, 

Wang Y (2000). A study on the rates of CO2 release from forestland 

soils in northern China. J. Beijing For. U. 22(4): 89-91. 
McGuire AD, Apps M, Chapin FS, Dargaville R, Flannigan MD, 

Kasischke E, Kicklighter D, Kimball J, Kurz W, McRae DJ, McDonald 

K, Melillo J, Myneni R, Stocks BJ, Verbyla DL, Zhuang Q (2004). 
Land Cover Disturbances and Feedbacks to the Climate System in  
Canada and Alaska. In: Gutman G, Janetos AC, Justice CO, Moran 

EF, Mustard JF, Rindfuss RR, Skole DL, Turner BL, Cochrane MA 
(Eds.). Land Change Science. Springer Netherlands, pp. 139-161. 

McGuire AD, Melillo JM, Joyce LA  (1995). The  role  of  nitrogen  in  the 
response of  forest  net primary  production  to  elevated  atmospheric 
carbon  dioxide.  Annu.  Rev.  Ecol.  Syst.  26 (Article Type:  research- 



4840        Afr. J. Biotechnol. 
 
 
 

article/Full publication date: /Copyright © Ann. Rev. pp. 473-503. 
Melillo JM, McGuire AD, Kicklighter DW, Moore B, Vorosmarty CJ, 

Schloss AL (1993). Global climate change and terrestrial net primary 

production. Nature, 363(6426): 234-240. 
Moosavi SC, Crill PM (1997). Controls on CH4 and CO2 emissions 

along two moisture gradients in the Canadian boreal zone. J. 

Geophys. Res. 102(D24): 29261-29277. 
Nakane K, Kohno T, Horikoshi T (1996). Root respiration rate before 

and just after clear-felling in a mature, deciduous, broad-leaved 

forest. Ecol. Res. 11(2): 111-119. 
O'Neill KP, Kasischke ES, Richter DD (2002a). Environmental controls 

on soil CO2 flux following fire in black spruce, white spruce, and 

aspen stands of interior Alaska. Can. J. For. Res. 32(9): 1525-1541. 
Ottmar RD, Sandberg DV (2003). Predicting forest floor consumption 

from wildland fire in boreal forests of Alaska - preliminary results. In, 

The First National Congress on Fire Ecology, Prevention and 
Management. Tall Timbers Res, Stn. Misc, p. 13. 

Raich JW, Schlesinger WH (1992). The global carbon dioxide flux in soil 

respiration and its relationship to vegetation and climate. Tellus. B. 
44(2): 81-99. 

Rayment MB, Jarvis PG (2000). Temporal and spatial variation of soil 

CO2 efflux in a Canadian boreal forest. Soil Biol. Biochem. 32(1): 35-
45. 

Richter DD, O'Neill KP, Kasischke ES (2000). Postfire stimulation of 
microbial decomposition in black spruce (Picea mariana L.) forest 

soils: a hypothesis. Ecol. Stud. pp. 197-213. 
Rodeghiero M, Cescatti A (2005). Main determinants of forest soil 

respiration along an elevation/temperature gradient in the Italian Alps. 
Global Change Biol. 11(7): 1024-1041. 

Russell CA, Voroney RP (1998). Carbon dioxide efflux from the floor of 

a boreal aspen forest. I. Relationship to environmental variables and 
estimates of C respired. Can. J. Soil. Sci. 78(2): 301-310. 

Sánchez ML, Ozores MI, López MJ, Colle R, Torre BD, García MA, 

Pérez I (2003). Soil CO2 fluxes beneath barley on the central 
Spanish plateau. Agr. For. Meteorol. 118(1-2): 85-95. 

Savage K, Davidson EA, Richardson AD (2008). A conceptual and 

practical approach to data quality and analysis procedures for high-
frequency soil respiration measurements. Funct. Ecol. 22(6): 1000-
1007. 

Savage K, Moore TR, Crill PM (1997). Methane and carbon dioxide 
exchanges between the atmosphere and northern boreal forest soils. 
J. Geophys. Res. 102(D24): 29279-29288. 

Savin MC, Görres JH, Neher DA, Amador JA(2001). Biogeophysical 
factors influencing soil respiration and mineral nitrogen content in an 
old field soil. Soil Biol. Biochem. 33(4-5): 429-438. 

Schlentner RE, Cleve KV (1985). Relationships between CO2 evolution 
from soil, substrate temperature, and substrate moisture in four 
mature forest types in interior Alaska. Can. J. For. Res. 15(1): 97-106. 

Schlesinger WH (1997). Biogeochemistry: an analysis of global change. 

Acad press. 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 
 
 

 
 
 
 
Schlesinger WH, Andrews JA (2000). Soil respiration and the global 

carbon cycle. Biogeochemistry, 48(1): 7-20. 
Singh JS, Gupta SR (1977). Plant decomposition and soil respiration in 

terrestrial ecosystems. Bot. Rev. 43(4): 449-528. 
Sun X, Qiao J, Tan X (2001). Flux of carbon dioxide in temperate forest 

soils. J. Northeast For. U. 29(1): 34-39. 

Takakai F, Desyatkin AR, Lopez CML, Fedorov AN, Desyatkin RV, 
Hatano R (2008). Influence of forest disturbance on CO2, CH4 and 
N2O fluxes from larch forest soil in the permafrost taiga region of 

eastern Siberia. Soil Sci. Plant. Nutr. 54(6): 938-949. 
Wang C, Bond-Lamberty B, Gower ST (2002). Soil surface CO2 flux in 

a boreal black spruce fire chronosequence. J. Geophys. Res. 

107(D3): 8224-8232. 
Wang C, Gower ST, Wang Y, Zhao H, Yan P, Bond-Lamberty BP (2001). 

The influence of fire on carbon distribution and net primary production 

of boreal Larix gmelinii forests in north-eastern China. Global Change 
Biol. 7(6): 719-730. 

Weber MG (1990). Forest soil respiration after cutting and burning in 

immature aspen ecosystems. For. Ecol. Manage. 31(1-2): 1-14. 
Widén B, Majdi H (2001). Soil CO2 efflux and root respiration at three 

sites in a mixed pine and spruce forest: seasonal and diurnal 

variation. Can J. For. Res. 31: 786-796. 
Xu H (1998). Forests in Daxing'anling Mountains China. Science Press, 

Beijing. 

Xu M, Qi Y (2001). Soil-surface CO2 efflux and its spatial and temporal 
variations in a young ponderosa pine plantation in northern California. 
Global Change Biol. 7(6): 667-677. 

Yang J, Wang C (2006a). Effects of soil temperature and moisture on 
soil surface CO2 flux of forests in northeastern China. Acta. 
Phytoecol. Sin. 30(2): 286. 

Yang J, Wang C (2006b). Effects of soil temperature and moisture on 
soil surface CO2 flux of forests in Northeastern China. J. Plant. Ecol. 
30(2): 286-294. 

Zhang H, Zhou M, You W (2008). The characteristics of temperature 
variation in stem cambium of Larix gmelini and its response to 

environmental factors. J. Liaoning Forest. Sci. Tech. 4: 6-9. 

Zhang L, Bin W, Liu Y, Chen B, AO J (2007). A study on the soil 
respiration under four forest types in Dagangshan in summer and 
autumn. Acta. JXAU. 29(1): 72-84. 

 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 


