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Q10 is the most important index of soil respiration, which is essential for accurate prediction of soil 
carbon response to global warming. The response of soil carbon storage is an issue of both global 
and each country's scales. In this study published Q10 values of soil respiration in Japanese forests 
were examined (n=44). The Q10 values ranged from 1.30 to 3.45, and the mean value was 2.18 
(SD=0.61, median=2.02). These results were slightly smaller than those of global compilations. 
The number of studies is still lacking, especially, studies in managed forest, investigations in 
northeast Japan, and results measured using recent equipment (e.g. IRGA). For accurate prediction 
of soil carbon dynamics and storage in Japanese forests, more studies and their synthesis are 
strongly required. 

Keywords: soil respiration, Q10, temperature sensitivity, climate change, Japanese 
forest 
 

Introduction 
Q10 is the most important property of soil respiration, which is a widely used 
index of temperature sensitivity of soil respiration and is the factor by which the 
respiration rate differs for a temperature interval of 10 °C. Because soil respiration 
is strongly controlled by soil temperature and exponentially increases with 
increasing soil temperature (e.g.  Howard and Howard 1993; Raich and Potter 
1995; Ohashi  et al. 1999; Leirós  et al. 1999; Zak  et al. 1999; Schlesinger and 
Andrews 2000; Rustad  et al. 2000; Fang and Moncrieff 2001), different Q10 
values result in very different predictions of soil carbon dynamics and its storage. 
For example, it is predicted that global land carbon storage may significantly 
increase or may hardly increase depending on Q10 values (Lenton and 
Huntingford 2003). Although some recent studies claim the difficulty of 
comparing Q10 values (e.g.  Davidson  et al. 2000; Morén and Lindroth 2000; 
Janssens and Pilegaard 2003; Bååth and Wallander 2003; Yuste  et al. 2004),  Q10 
is still a very informative index for predicting soil carbon dynamics and its 
storage. 
The response of soil carbon is a global issue; at the same time, it is a regional and 
local issue for each country (IGBP 1998; Schulze  et al. 2000, 2002). Kyoto 
protocol, which assigns the decrease of CO2 emission to each country, finally 
came into effect. Biological carbon sequestration, especially, sink of carbon by 
forest including forest soil, can be counted for the decrease. The response of soil 
carbon in each country is therefore very important even though the contribution 
would be globally small. 
However, it is unclear whether forest biome (plant and soil) is a sink or source of 
carbon, and how much carbon forests can sequestrate if possible (Cao and 
Woodward 1998; Grace and Rayment 2000; Kirschbaum 2000; Rustad  et al. 
2000; Schlesinger and Andrews 2000; Schulze  et al. 2000; Nemani  et al. 2003; 
Powlson 2005). For accurate assessments of soil carbon response in Japanese 
forests, first of all, it is essential to compile data of Q10 values in Japanese forests. 
There are several review papers which globally compiled Q10 values (e.g.  Raich 
and Schlesinger 1992; Lenton and Huntingford 2003);  however, there is no 
compilation of Q10 values of Japanese forests. The object of this study is to 
examine the range and the mean value of Q10 in Japanese forests. 

Data 
I collected published Q10 values which were measured in Japanese forests. 
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Table 1 in Appendix 2 shows the data used in this study and their sources. 
The northern limit was at Hokkaido prefecture (42°44'N;  Liang  et al. 2004),  and 
the southern limit was Kumamoto prefecture (32°10'N;  Yoneda and Kirita  1978). 
When several values were reported  at a same site but different plots, I averaged 
them and used the value. In some studies which investigated temperature 
sensitivity of soil respiration, Q10 values were not calculated; they reported only 
fitted functions. Then I calculated Q10 values using these relationships reported 
(see Appendix 1).  

Results and Discussion 

Figure  
Figure 1 presents the histogram of Q10 values of Japanese forests, which includes 
results of both in fields and laboratories. The Q10 values ranged from 1.30 to 3.45, 
and the mean value was 2.18 (SD=0.61, median=2.02, n=44). 
The Q10 values measured in fields ranged from 1.30 to 3.17, and the mean value 
was 2.12 (SD=0.56, n=40).Those in laboratories ranged from 1.56 to 3.45, and the 
mean value was 2.73 (SD=0.85, n=4). In most studies, the alkali absorption 
method was used; however, recent studies showed the difference between the 
results measured by the alkali absorption method and that using IRGA (Davidson  
et al. 2000, 2002; Hashimoto  et al. 2004). Then the mean value of Q10 measured 
using IRGA in fields was calculated (Ohashi  et al. 1999, 2000; Lee  et al. 2002; 
Yim  et al. 2002; Mizogichi  et al. 2003; Hirano  et al. 2003; Mitani  et al. 2003; 
Liang  et al. 2004; Takahashi  et al. 2004; Nobuhiro  et al. 2004).  The mean value 
of those measured by IRGA was 2.36 (SD=0.51, n=12). Although the number of 
reports was small (n=12), and it was not statistically significant, the value, in fact, 
tended to be larger than that measured by the alkali absorption method in fields 
(mean=2.02, n=27, p>0.05); more studies using IRGA are needed. 
The overall mean and median obtained in this study were slightly smaller than 
those of global; Raich and Schlesinger (1992) reported the median value of 2.4, 
and Lenton and Huntingford (2003) reported the mean value of 2.54 in fields, and 
2.51 in laboratories, which was the value of an extension of the compilation of 
Raich and Schlesinger (1992) with some more reported values. The range 
obtained were smaller than those reported (Lenton and Huntingford 2003); they 
reported Q10 values in fields ranged from 1.3 to 5.6, and those in laboratories 
ranged from 0.8 to 12.92. 
This study compiled 44 data; however, forest types were still limited considering 
that Japan extends long from north to south and has various vegetations. Also, Q10 
values may differ depending on the latitude even in the same forest types (e.g. 
between Cryptomeria japonica plantation in Aomori prefecture and that in 
Kagoshima prefecture). So far the number of measurements was too small to 
analyze them in detail. In particular, this study showed that following studies are 
lacking. Firstly, studies in managed forest (or artificial forest) are not enough, in 
spite of the fact almost a half of the forest in Japan is artificial forest, and 
managed forest is crucial for Kyoto Protocol. Secondly, studies in northeast Japan 
are absent. Thirdly, studies using recent equipment (e.g. IRGA) are needed. For 
accurate prediction of soil carbon dynamics and storage in Japanese forests, more 
studies and their synthesis are strongly required.  
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Appendix 1 
Q10 values were not directly reported in some studies. Then Q10 values were 
calculated  as follows. 
Some studies reported only exponential fitted curves (Chiba and Tsutsumi 1967; 
Nakane 1975, 1978, 1995; Takai et al.  1977; Nakane  et al. 1984; Katagiri 1988; 
Lee  et al. 2002): y(T)=A exp(kT); where y(T) is the soil respiration, T is the soil 
temperature and A and k are fitted parameters, respectively. 
Then, Q10 values were calculated by the following equation: 

Q10=exp(10k). 

In a study (Ino and Monsi 1969),  temperature sensitivity of soil CO2 production 
was fitted with a quadratic equation with other factors as follows: 

y(T)=p g(T) f(x) 

where p is a fitted parameter, g(T) is a relationship with T, and f(x) is a 
relationship with other factors like soil carbon content or water content. 
g(T) was described as follows: 

g(T)=(T2+qT+r) 
where q and r are fitted parameters. 
Average temperature (Tave) in the field where samples were collected were 
reported as well. 
Then Q10 values were calculated with the ratio of y(Tave+5) to y(Tave-5) as 
follows: 

Q10=y(Tave+5)/y(Tave-5) 

=g(Tave+5)/g(Tave-5) 

=((Tave+5)2+q(Tave+5)+r)/((Tave-5)2+q(Tave-5)+r) 

Q10 values at each site were averaged . 
They incubated soil sample at 10, 20, and 30 °C at 4 forested sites; however, 
average temperature at the 2 sites were beyond the incubation range. Hence the 
results of these two were not included in this study. 
 

Appendix 2 
Table 1: Q10 values in Japanese forests. 
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Figures 
Figure 1: Histogram of Q10 values for soil respiration in Japanese forests. 
 

Q10 Vegetation Prefecture Location Elevation Reference 
 In fields.     

1.36h Cryptomeria japonica  Kyoto   35°16-21'N, 135°42-
47'E b  355-959 b  Chiba and Tsutsumi 1967  

1.35h  (Deciduous Broad-
leaved)   Kyoto   35°16-21'N, 135°42-

47'E  b  355-959 b  Chiba and Tsutsumi 1967  

1.35h   Picea excelsa  Kyoto   35°16-21'N, 135°42-
47'E b  355-959 b  Chiba and Tsutsumi 1967  

1.36h   Quercus crispula  Kyoto   35°16-21'N, 135°42-
47'E b  355-959 b  Chiba and Tsutsumi 1967  

1.34h 
  Cryptomeria 
japonica, Fagus 
crenata 

 Kyoto   35°16-21'N, 135°42-
47'E b  355-959 b  Chiba and Tsutsumi 1967  

1.34h   Chamaecyparis 
obtusa  Kyoto   35°4'N, 135°46'E b  109-225 b  Chiba and Tsutsumi 1967  

1.30ah   Pinus densiflora  Kyoto   35°4'N, 135°46'E b  109-225 b  Chiba and Tsutsumi 1967  

2.70jkl  

  Quercus mongolica, 
Magnolia obovata, 
Ulmus davidiana, Acer 
mono, Carpinus 
cordata  

 Hokkaido   42°4'N, 141°4'E  70  Hirano et al. 2003  

1.92   Aceraceae rubrum, 
Fagaceae quercus  Hokkaido   42°25.9'N, 142°29.1'E   -   Hu et al. 2001  

1.52ah   Quercus serrata, 
Castanea crenata  Shimane   35°9'N, 132°4'E b  300-624 b  Katagiri 1988  

2.86 

  Castanopsis 
cuspidata, Quercus 
salicina, Quercus 
gilva, Carpinus 
laxiflora 

 Nara   34°40'N, 135°52'E b  283 b  Kirita 1971  

3.10hl 
  Quercus crispula 
Blume,  Betula ermanii 
Cham  

 Gifu   36°08'N, 137°26'E  1430  Lee et al. 2002  

2.33alm 

  Larix kaempheri 
Sarg.,  Picea jezoensis 
Sieb. Et Zucc.,  Betula 
spp.  

 Hokkaido   42°44'N, 141°31'E  125  Liang et al. 2004  

1.58al   Chamaecyparis 
obtusa  Shiga   34°58'N, 136'E   -   Mitani et al. 2003  

2.80afl   

  Quercus serrata 
Thunb,  Carpinus 
laxiflora Blume,  Ilex 
macropoda Miq.,  
Clethra barvinervis 
Sieb. et Zucc.  

 Saitama   35°9'N, 139°5'E  30  Mizoguchi et al. 2003  

2.59h   Symplocos prunifolia, 
Pieris japonica  Nara   34°40'N, 135°52'E b  300-350   Nakane 1975  

2.80h 

  Pieris japonica, 
Quercus sessilifolia, 
Castanopsis cuspidata, 
Symplocos prunifolia 

 Nara   34°40'N, 135°52'E b  300-350   Nakane 1975  

2.89h 
  Quercus sessilifolia, 
Castanopsis cuspidata, 
Cleyera japonica, 

 Nara   34°40'N, 135°52'E b  300-350   Nakane 1975  
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Eurya japonica  

3.17gh   Fagus crenata, Abies 
homolepis  Nara   34°12'N, 136°06'E b 1490  Nakane 1978  

2.36h   Cryptomeria japonica  Hiroshima   34°25'N, 132°3'E   440-450   Nakane 1995  
2.01dh   Cryptomeria japonica  Hiroshima   34°25'N, 132°3'E   440-451   Nakane 1995  
2.45h   Pinus densiflora  Hiroshima   34°24'N, 132°3'E b   80-120   Nakane et al. 1983  
1.78ch   Pinus densiflora  Hiroshima   34°24'N, 132°3'E b  80-120   Nakane et al. 1983  
2.35ah   Pinus densiflora  Hiroshima   34°24'N, 132°31'E   80-230   Nakane et al. 1984  
1.95adh   Pinus densiflora  Hiroshima   34°24'N, 132°31'E   80-230   Nakane et al. 1984  

2.03al 
 (Secondary 
Broadleaved 
deciduous)  

 Kyoto   34°47'N, 135°50'E   -   Nobuhiro et al. 2003  

2.00el   Cryptomeria japonica  
Kumamoto   32°49'N, 130°44'E   -   Ohashi et al. 1999  

2.50al   Cryptomeria japonica  
Kumamoto   32°49'N, 130°44'E   -   Ohashi et al. 1999  

1.85ael   Cryptomeria japonica  
Kumamoto   32°49'N, 130°44'E   -   Ohashi et al. 2000  

1.80al   Cryptomeria japonica   
Kumamoto   32°49'N, 130°44'E   -   Ohashi et al. 2000  

2.33 

  Quercus crispula,  
Hamamelis japonica 
var. obtusata,  Lyonia 
elliptica,  Rhus 
trichocarpa 

 Kyoto   35°18'N, 135°45'E  750  Sakai and Tsutsumi 1987  

1.85 
  Pterocarya rhoifolia, 
Fagus crenata, Cornus 
controversa 

 Kyoto   35°18'N, 135°45'E  700  Sakai and Tsutsumi 1987  

1.90a   Chamaecyparis 
obtusa  Kyoto   35°00'N, 135°49'E b  115-125   Shimono et al. 1989  

1.76a   Chamaecyparis 
obtusa   Kyoto   35°00'N, 135°49'E b  115-125   Shimono et al. 1989  

2.00a   Cryptomeria japonica  Kyoto   35°00'N, 135°49'E b  115-125   Shimono et al. 1989  

2.55l   Quercus variabilis, 
Quercus. serrata  Nagoya   35°9'N, 136°54'E b 0  Takahashi et al. 2004  

2.18   Quercus serrata 
Thunb   Hiroshima   34°3'N, 132°55'E  700  Yim et al. 2002  

3.11alm   Quercus serrata 
Thunb   Hiroshima   34°3'N, 132°55'E  700  Yim et al. 2002  

2.62a Castanopsis cuspidata Kumamoto 32°10'N, 130°28'E  400-637   Yoneda and Kirita 1978  
1.76ai Castanopsis cuspidata Kumamoto 32°10'N, 130°28'E  400-637   Yoneda and Kirita 1978  
 In laboratories.     
3.45ah   Pinus Thunbegii  Chiba   35°37'N, 140°7'E b 10  Ino and Monsi 1969  
2.67ah   Pinus Thunbegii   Chiba   35°15'N, 139°5'E b 0  Ino and Monsi 1969  

1.56h   Quercus serrata, 
Castanea crenata  Shimane   35°9'N, 132°4'E b  300-624 b  Katagiri 1988  

3.25a 
  Fagus crenata, 
Quercus crispula, 
Betula platyphylla 

 Nagano   36°40'N, 138°3'E  1970  Takai et al. 1988  

 
a  Averaged by the author.  
b  Not reported in the paper. Added by the author.  
c  Data after felling.  
d  A0 layer was removed.  
e  Thinned.  
f  Temperatures at several depths were compared, and several Q10  values were reported. This is the value of 10 cm 
temperature.  
g  Temperatures at several depths were compared, and several Q10  values were reported. This is the value of soil surface 
temperature.  
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h  Calculated from fitted parameters (see Appendix 1).  
i  Daily relationship.  
j  Top soil.  
 k  Temperatures at several depths were compared, and several Q10  values were reported. This is the value of 0.02 m 
temperature.  
 l  Measured using IRGA.  
 m  Average of results by several methods. 
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