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Abstract 
Seasonal changes in the soil respiration rate, soil water content, temperature at 5cm depth in soil and 
C/N in soil were detected in four different forests in Hokkaido, northern Japan for evaluating CO2 
efflux from forest ecosystem for two years. Each forest was mature deciduous broadleaved forest 
(more than 300 years old after eruption of Mt. Tarumae) and declining larch plantation (as of 46 years 
old at 2000) invaded several deciduous broadleaved saplings in Tomakomai Experimental Forest, a 
mature larch plantation in National Forest (as of about 49 years old at 2000) and a young larch 
plantation (as of 27 years old at 2000) with dense coverage of dwarf Sasa bamboo in Teshio 
Experimental Forest. Soil respiration of each site correlated exponentially with soil temperature but not 
soil water content. Prior to the measurement of soil respiration, its variation was determined with a 22 
x 22m plot for 112 points in June. According to this, we selected the place for soil respiration 
measurement. Root density was almost constant of 1.0 g 100m-3 for the old larch plantation but 
increased from 1 to 3 g 100m-3 to for young one, which positively correlated with soil respiration. C/N 
ratio of a young larch plantation was slightly larger than that of old one. Based on these results, we 
discussed the factors affecting soil respiration in northern Japan. 
 
Key words: Soil respiration, larch plantation, mature deciduous broadleaved forest, C/N ratio, 

environmental factors 
 
 

Abbreviations: 
TE:  1arch Larch Forest in Teshio  
TO-larch:  Larch Forest in Tomakomai  
TO-d-larch:  Declining Larch Forest in Tomakomai  
TO-broad:  Broad-Leaved Forest in Tomakomai  
Rs:  Soil Respiration Rate ( μmol m-2 s-1 )  
Ts:  Soil Temperature at 10cm depth  
Cs:  Soil Carbon Content (％)  
 
Introduction 

Atmospheric carbon dioxide (CO2) concentration is 
increasing yearly, which inducing global greenhouse 
conditions, due to use of fossil fuels and the destruction 
of tropical forests (Strain 1985). Hougton et al. (1990) 
reported that during the 21st century, atmospheric CO2 
concentration would become twice and temperature 
would increase 3-5℃  at high latitude in Northern 
Hemisphere. Moreover, according to the monitoring 
record of Mauna Loa in Hawaii, seasonal depression of 
CO2 concentration is coincided with the growth period 
of terrestrial plants in Northern Hemisphere (Butcher et 
al. 1998). According to the Kyoto Protocol (1998), 
forest ecosystems are expected to be a big CO2 sink. 
Many studies have been conducting CO2 flux of forests 
developing through Western Europe and U.S.A. to 
evaluate the CO2 Sink capacity (Valentini et al. 2000, 

Valentini 2003). Some previous studies revealed that 
carbon in soil was as twice or third times higher as 
carbon in plants (Schimel et al. 1994, Houghton et al. 
1996). Therefore, it has become to be appeared that an 
understanding of carbon efflux is necessary if we would 
evaluate whether forest soil as a source of the carbon 
evolution or as a carbon pool.  

Carbon cycling and budget in terrestrial ecosystems 
fluctuate with the balance of photosynthesis and 
respiration by mainly vegetation and microorganisms 
(Shibata et al. 2005). The integrated monitoring of 
carbon exchange between atmosphere and forest has 
been recently conducted in various biomes (Baldocchi 
et al. 2001). However, we have still not a firm grasp of 
CO2 released from the forest floor. In addition, Bazzaz 
(1991) reported that soil respiration affects atmospheric 
CO2 concentration in a forest; thereby growth of 
seedlings would be also affected. Recently, an 
understanding of the amount and fluctuations of soil 
respiration has become more relevant, because of the 
need to evaluate the capacity of forest ecosystems to fix 
carbon, which is essential to evaluate the global carbon 
budgets (Houghton and Woodwell 1989, Oikawa 1991, 
Vose et al. 1997). Therefore, we should know CO2 
efflux from forest soil to estimate CO2 exchange 
capacity of forest ecosystems.  
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Carbon dynamics in forest also varied with different 
vegetation types in each climate zone (Valentini 2003). 
Larch forests are broadly distributed on the eastern part 
of Eurasian continent, where permafrost layers are well 
developed (Koike et al. 2000). Larch forests may act as 
an important role in carbon balance in the atmosphere. 
When we would estimate global carbon budgets, we 
need to know about not only rates of CO2 released from 
a larch forest floor but also factors affecting CO2 efflux 
from the larch forest ecosystem.  

In Japan, natural larch forests are found at Nagano, 
central Japan and Miyagi, northern Honshu Island. 
Many larch plantations have been afforested in all 
Hokkaido Island, except for high altitude (Koike et al. 
2000). These areas are suitable to estimate CO2 flux of 
larch forest ecosystems because many larch plantations 
are established on flatland. Among several plantations 
of larch species in Hokkaido, northern Japan, some of 
them were made on unsuitable soil conditions for tree 
growth. Moreover, many larch plantations have been 
suffering from several stresses, such as low temperature 
damage, the disease caused by shoot blight, root rot, 
grazing damage by voles etc. (Koike et al. 2000). 
Afterwards, many larch plantations have been showing 
declining symptom, which may allow the invasion of 
broad-leaved tree seedlings to the open space provided 
by dead larch trees. It seems that growth and health 
condition of larch would be strongly affected by soil 
conditions.  

Soil respiration is affected by various factors, such as 
soil temperature (Anderson 1973, Crill 1991, Gupta et 
al. 1981, Mathes et al. 1985, Grahammer et al. 1991), 
soil moisture (Grahammer et al. 1991, Kowalenko et al. 
1987) and content of nitrogen (Maier et al. 2000, 
Yanagihara et al. 2000). Moreover, the amount of 
organic matter, root biomass, and carbon in soil may 
also affect soil respiration rates. If the environment 
condition, such as soil type and vegetation difference 
would change also these factors and total interactions 
would be responded to them. Therefore, our overall 
objective was to know about the seasonal trend of soil 
respiration of various larch plantations and a mature 
deciduous forest.  

For this objective, physiological and biological 
environments affecting CO2 efflux from forest floor 
was detected in situ. First specific objective is to 
understand how different soil types affect soil CO2 flux. 
Therefore, we lead first prediction; “soil respiration 
under unsuitable soil condition is lower than that of 
suitable condition.” In addition, some declining larch 
plantations, which were unmanaged under inadequate 
soil conditions for larch species, may change other 
types of forests mainly composing potential or original 
vegetation.  

The second objective was to access the reason why 
metabolic activities were changed in the rhizosphere by 
the modification of vegetation from the original plant 
community to a larch plantation. We thought that in 
these larch forests, soil biological activity, such as 
metabolism of roots and microorganisms, maybe 
degraded than that of natural vegetation. Therefore, we 
lead next hypothesis, “soil respiration rate of declining 

larch stand plot is lower than that of the natural 
vegetation”.  

To examine these predictions, we measured seasonal 
changes in soil respiration, temperature in soil, soil 
moisture content in two types of larch plantations and a 
mature deciduous broadleaved forest in northern Japan 
for two years. Based on the results, we discussed the 
factors affecting soil respiration. 

 
Materials and Methods 
Study Sites 

We established two study sites of larch plantations. 
First we made three plots in Tomakomai National 
Forest (Compartment No. 1198) in Tomakomai city 
(call this plot as “TO-larch”), southeast of Hokkaido 
(42 o 40'N, 141 o 36'E) in northern Japan. In Tomakomai, 
the mean annual temperature is 5.6 oC and the mean 
annual precipitation is 1161 mm (Hiura et al. 1998). In 
TO-larch, the soil type was immature soil derived from 
volcanic ash and there is a thin organic horizon (Eguchi 
et al. 1997). Soil profile is shown in Appendix 1.  

In Tomakomai Experimental Forest of Hokkaido 
University (TOEF; 42o40'N, 141o36'E), the other two 
sites were established in Japanese larch plantations 
along to the different degree of mixing with invaded 
broad-leaved trees. Namely, there were three plots 
including the TO-larch.  

The second plot was the larch plantation in TOEF, 
which have been unmanaged and invaded by several 
broad-leaved trees (called this plot as TO-d-larch). 
Original vegetation in this area is several kinds of 
deciduous broad-leaved tree species (Takahashi et al. 
1999). The third plot was selected in a mature 
broad-leaved forest (called this plot as TO-broad) (more 
than 300 years old after eruption of Mt. Tarumae). 
Dominant species were Ostrya japonica, Acer mono, 
Ceridiphyllum japonicum and Quercus mongolica var. 
crispula (Hiura et al. 1998). In these three sites in 
Tomakomai region, soil type was all the same. 
Moreover, these areas belong to cool temperate region 
with little snow-fall and the soils are usually frozen 
from December to late April. We conducted field 
research from May to November 1999 and from May 
and to October 2000.  

We also determined the other plot in Teshio 
Experimental Forest in Horonobe town (call this plot as 
“TE-larch”) which was located m northern most 
Hokkaido (44o 53'N, 142o 03'E). In Teshio, mean annual 
temperature is 5.7 oC and the mean annual precipitation 
is 1124 mm. In TE-larch, the soil type was classified as 
brown-forest soil. Soil profile in TE-larch is shown in 
Appendix 2.  

Sizes of both plots in Tomakomai and Teshio were 50 
m in square. Stand age of plantations was 27-year old in 
TE-larch and of 46-year old in TO-larch as of 2000. 
Basal area in these both sites (cm2 m-2) was almost the 
same value (Table 1). 

 
Measurement of Soil Respiration Rate and 
Environmental Factors 

In all four sites, we measured soil respiration rates at 
one time per month from May to December in 1999 and 
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2000. Soil respiration rate was measured with a 
portable gas analyzer (LI-6400; LiCor, Lincoln, NE, 
U.S.A). The analyzer had a closed air circulation 
system with a null balance chamber (71.6cm soil 
surface area), which enhanced the accuracy of 
measurements. Soil temperature (0-10cm depth) was 
concurrently measured with an attached temperature 
prove.  

Soil collars were placed in the soil at least 24h before 
measurements to avoid influence of soil disturbance 
and root injury on the measurements (Law et al. 1999). 
Inside diameter of soil collar was 10cm and height from 
the ground was 4.4cm. Living vegetation was clipped at 
the soil surface inside the soil collar at the time of 
placement. Replication of the measurement of soil 
respiration rate was 4 to 12 (in 1999, the first year) and 
11 to 13 (in 2000, the second year) per each study plot. 
These points were randomly selected from each plot. 
These replication numbers were determined by the 
pre-measurements of soil respiration of 112 different 
points (the size was 22 x 22m) conducted in mid June, 
1999 (Appendix 3).  

Two soil samples (20 cm2 x 5cm) were immediately 
collected using a soil core sampler after the soil 
respiration rate was measured. The other soil cores 
were also sampled from the depth of 0-8cm at every 
measuring point. These collected soils were wrapped 
with a plastic back, and then brought immediately to 
the laboratory. Being sieved from the soil by hand to 
exclude coarse gravels, the soil was used for 
determining the amount of root samples, and as being 
measured of fresh weight and dry mass (after 
oven-dried at 105℃ for 48h). The other soil cores were 
used for calculating volumetric water content (g cm-3) 
and soil bulk density (g cm-3). The latter two parameters 
were also used as measuring total pool of carbon and 
nitrogen in soil. The concentration of carbon and 
nitrogen was determined with use of a NC analyzer 
(NC- 900, Shimadzu, Kyoto). 

 
Annual Carbon Input and Output 

In order to estimate annual carbon input to soil as 
litter fall, we put 10 circular-shaped traps of litter-fall 
(diameter = 1m) in each site. Litter-falls were collected 
in every month, brought immediately to the laboratory, 
dried up at 80℃ and measured their dry mass. We 

assumed  the carbon content of  dry mass is roughly 
equal to 50 % (Okubo 1984, Shibamoto 1977), which 
enabled to estimate annual carbon inputs.  

In order to know about daily mean temperature, we 
buried soil thermometer with data logger 
(Thermo-recorder Mini, Nagano, Japan), which 
recorded temperature at 10cm depth for every one hour 
interval, during May 1999 - December 2000. We 
developed the empirical relationship between observed 
soil respiration rate and soil temperature based on the 
actual measurements. With these data, we estimated 
annual soil respiration rate. 

 
Statistical analysis 

Soil respiration, soil temperature, root density, soil 
water volume, soil carbon content and root biomass 
were transformed for parametric testing, respectively. 
Relationship between soil respiration rate and soil 
temperature was analyzed by regression analysis. 
Comparison of regression lines between soil respiration 
rate and soil temperature was made by analysis of cover 
analysis (ANCOVA). Bonfferoni test was applied for 
multiple comparison among sites.  

Root density, soil carbon content, C/N ratio and root 
biomass were compared among sites and months using 
two-way analysis of variance (two-way ANOVA). Once 
significant interaction between site and month was 
observed, separate ANOVAS was performed for 
comparison among sites and months. Tukey's HSD tests 
were applied for multiple comparisons.  

To understand the effect of various factors on soil 
respiration rate, multiple regression statistics for 
forward stepwise models was performed. Dependent 
variable was soil respiration rate. Moreover, 
independent variables that carried out stepwise were 
soil temperature, volumetric soil water, soil nitrogen 
content, soil carbon content and root density. 
Significant level for all statistical analysis was of 0.05. 

 
Results 
Seasonal change in soil respiration rate 

In all sites, soil respiration rate increased toward 
summer season (Fig.1). The maximum values of soil 
respiration rates were recorded from July to August. 
Soil respiration rates in TE-larch, TO-1arch, TO-d-larch 
and TO-broad in study periods, were ranging 1.6-2.1, 

 
Table 1. Basal area in study site(except for broad-leaved forest). 
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0.7-8.8, 1.0-6.7 and 0.8-9.8 μmol m-2 s-1, respectively. 
Figure 2 shows seasonal change of volumetric water 
content in soil core measured of soil respiration rate. 

 
Affecting of different soil types  

Figure 3 shows the relationship between soil 
respiration (Rs) and soil temperature at 10cm (Ts) in 
TE-larch and TO-larch (the equation of the simple 
regressions was listed in Table 2). ANCOVA revealed 
that, in 1999, the slopes of Rs on Ts did not differ 
significantly between TE-larch and TO-larch (P>0.05), 
but the intercepts were larger for TE-1arch (P<0.001). 
Therefore, if the soil temperature is the same range, Rs 
of TE-1arch was significantly higher than that of 
TO-larch in 1999. 

In 2000, the ANCOVA revealed that the slopes of Rs 
on Ts differed significantly between TE-larch and 
TO-larch (P<0.05). It is indicated that the response of 
Rs to Ts was higher in TE-larch than that in TO-larch 
during 2000.  

Figure 4 shows seasonal change in root density of the 
soil core in 2000. Two-way ANOVA showed that there 
was no difference between the root densities through 
the months (P>0.05), but there was a significant 
difference for root density among sites (P<0.01). 
Moreover, there was not significant interaction between 
sites and months (P=0.107). Therefore, the root density 
in TE-1arch was significantly higher than that in 
TO-larch through the year.  

Seasonal course of soil carbon content (SOC) in the 
soil core is shown in Figure 5. There was a significant 
difference in SOC between two sites (P=0.01) but not 
significant difference in SOC among months (P>0.05). 
Moreover, there was not significant interaction between 
sites and months (p>0.05). Therefore, throughout the 
year, SOC in TO-larch was significantly higher than in 
TE-larch, especially from May to July.  

Seasonal change of C/N ratio in the soil cores is 
given in Figure 6. Two-way ANOVA revealed that there 
were significant differences in C/N ration both among 
months (P<0.001), and among sites (P<0.01). In 
addition, there was no significant interaction between 
sites and months (p>0.05). According to this result, the 
C/N ratio of TE-larch was higher than that of TO-larch 
throughout the year. Moreover, multiple comparison 
among sites revealed that the C/N ratio of June was 
significantly lower than that of May (Tukey HSD; 
P<0.001 ) and August (P<0.0 1). 

 
Different vegetation types affecting soil respiration 

Figure 7 shows the relationship between Rs and soil 
temperature (Ts) in TO-larch, TO-d-larch and TO-broad 
(the equation of the simple regressions were in Table2). 
ANCOVA revealed that, in 1999, the slopes of Rs on Ts 
did not differ significantly among them (P>0.05), but 
there was a trend that the intercepts were significantly 
different (P=0.055). Moreover, Rs in TO-d-larch was 
significantly higher than in TO-broad (Bonferroni) 
(P<0.05), but there were no significant difference 
among other pairs. In 2000, ANCOVA revealed that the 
slopes of Rs on Ts did not differ significantly among 
three sites (P>0.05), but the intercepts were 

significantly different (P<0.001). Moreover, there were 
significant difference in interception among following 
pairs TO-d-larch and TO-broad (Bonfferoni) (P<0.05) 
and TO-larch and TO-broad (P<0.01 ).  

Figure 8 shows seasonal change in root density at 
three sites in Tomakomai in 2000. The estimated root 
biomass of TE-1arch was significantly higher than that 
of TO-1arch through the year (TWO-way ANOVA; 
P<0.01). Two-way ANOVA revealed that there was not 
a significant difference in root density among months 
(P>0.05), but significant difference among sites 
(P<0.001). In addition, there were significant 
interaction between the sites and months (P<0.05), 
therefore the multiple comparison could not be made. 
ANOVA revealed that there was a significant difference 
of root density in three sites in June, July and August 
(P=0.001), in July (P<0.001) and in August (P<0.05). 
According to multiple comparisons, the root density in 
TO-d-1arch was significantly higher than that in 
TO-broad in June (Tukey HSD; P<0.001). During July 
and August, root density in TO-d-larch was highest of 
all study sites (P<0.05). Therefore, root biomass in 
TO-d-larch was higher among three sites during 
summer.  

Seasonal SOC in three Tomakomai sites is shown in 
Figure 9. There was a significant difference in SOC 
among sites (two-way ANOVA; P<0.001). However, 
there were not significant differences in SOC among 
months (P>0.05) and the interaction between site and 
month (P>0.05). Tukey HSD test revealed that there 
were significant differences in SOC in all pairs of sites 
(all pairs of sites; P<0.001). Therefore, throughout the 
year, SOC was higher in the order of TO-d-larch, 
TO-larch and TO-broad. 

Figure 10 shows seasonal fluctuation of C/N ratio in 
soil at TO-larch, TO-d-larch and TO-broad sites. 
Two-way ANOVA revealed that there were significant 
differences in C/N ratio among months (P<0.05), and 
sites (P<0.01). In addition, there was not significantly 
interaction between sites and months (P>0.05). 
Moreover, multiple comparison among sites revealed 
that the C/N ratio of TO-broad was lower than that of 
TO-larch (Tukey HSD, P<0.01) and there were not 
significant difference between other pairs. Multiple 
comparison among months revealed that the C/N ratio 
in June was significantly lower than that of May (Tukey 
HSD, P<0.01) and there was a tendency that the value 
of June was lower than that of July (P=0.070) for all 
sites. 

 
Multiple regression analysis 

The results of multiple regression analysis showed 
that soil respiration was significantly correlated with 
soil temperature in all sites (Table 3). In addition, soil 
respiration rate was also significantly correlated with 
the soil nitrogen content in TO-larch, and with the root 
mass in TO-broad, respectively.  

Figures 11 and 12 illustrate seasonal changes of the 
dry mass of litter fall in 2000. In each site, mass of litter 
fall was highest at autumn from October to November. 
Peak point of the broad-leaved forest (in October) was 
earlier than that of larch plantations (in November). 
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Annual soil respiration rates 
Correlation equations between soil respiration rate 

and soil temperature (Table 2) were used to calculate 
daily mean soil respiration based on daily mean 
temperatures (26 October 1999 - 25 October 2000). In 
this calculation, we hypothesized that daily change of 
temperature would be including the regression lines, 

then daily soil respiration rate was estimated from daily 
mean soil respiration, which was cumulated to calculate 
annual soil respiration rate (Table 4).  

Annual carbon input was calculated from the dry 
mass of litter-fall and annual carbon output was 
estimated by annual soil respiration rate (all unit was 
gC m-2 yr-1) (Table 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Seasonal change of soil respiration rate in all sites. Vertical bars represent ±SE of the mean. 
 

Fig. 2. Volumetric soil water (%) in TE-larch (■), TO-larch (○), TO-d-larch (●) and TO-broad (□). 
Vertical bars represents ± SE of the mean. 
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Fig. 3. Relationship between soil respiration rate (Rs) and soil temperature at 10cm (Ts) in TE-larch 
and TO-larch. 
a; data from 1999, b;data from 2000. Equation of each regression lines are listed in Table 2. 

Fig. 4. Root density in TE-larch (●) and TO-larch (○). 
Vertical bars represent ± SE of the mean. 
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Fig. 5. Soil carbon content in TE-larch (●) and TO-larch (○). 
Vertical bars represent ±SE of the mean. 
 

Fig. 6. Seasonal change of C/N ratio in TE-larch (●) and TO-larch (○). 
Vertical bars represent ± SE of the means. 

 

Fig. 7. Relationship between RS and TS in TO-larch, TO-d-larch and TO-broad. 
a; data from 1999, b; data from 2000. Equation of each regression lines are listed in Table 2. 
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Fig. 8. Root density in TO-larch (○), TO-d-larch (●) and TO-broad (□). 
Vertical bars represent ±SE of the mean. Different letters indicate the 
statistical differences in the combination. 

Fig. 9. Seasonal change of soil carbon content in TO-larch ( ○ ), 
TO-d-larch (●) and TO-broad (□). 
Vertical bars represents ±SE of the mean. 

Fig. 10. Seasonal change of ratio of C/N in TO-larch (○), TO-d-larch (●) and TO-broad (□). 
Vertical lines represents ± SE of the mean. 
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Fig. 11. Mass of the litter fall in TE-larch (●) and TO-larch (○). 
Verticallines represent ± SE of the mean. 

Fig. 12. Seasonal change of litter mass in TO-larch (○), TO-d-larch (●) and TO-broad (□). 
Vertical bars represent ± SE of the mean. 

Table 2. Correlation between soil respiration rate (RS) (μmol- m-2s-1) and soil temperature at 10cm 
(TS)(℃) and Q10 value from every sites. 
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Table 5. Annual organic carbon input as litter fall; input (Cg-m-2 yr-1) and annual soil respiration rate; 
output (Cg-m-2 yr-1) in the study sites cited from Table 4. 

Table 3. The results of multiple regression statistics for forward stepwise models. Variables that did 
not enter the model at any step are not shown. 

Table 4. The value of annual soil respiration rate (gCO2 -m-2s-1) calculated from daily mean soil 
temperature and correlation equation between soil temperature and soil respiration rate. 
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Discussion 
Soil respiration rate is composed of respiration by 

root respiration, soil microorganisms and soil animals. 
Therefore, the productivity and nutrient of the 
ecosystems affect soil respiration rate (Lieth and 
Ouellette 1962, Raich and Schlesinger 1992, Singer and 
Munns 1999).  

Then, what kinds of factors do affect soil respiration 
rate in forest ecosystems? This is an essential question 
for considering the role of CO2 storage capacity of 
forest ecosystems. Based on the previous study in 
Siberian larch forest (Yanagihara et al. 2000), we listed 
the candidate factors as follows; 1) soil type and 2) 
vegetation type. In this sense, the 1) and 2) would be 
classified as abiotic factor and biotic factor, 
respectively.  

In all sites, soil respiration rate peaked towards in 
summer when the soil temperature was highest. When 
we measured soil respiration rate in July at TE-larch, 
there was long-term precipitation of five days in the 
Teshio district. The results of volumetric water content, 
which was sampled after measuring soil respiration rate, 
showed that soil water volume content in July at 
TE-larch was highest as shown in Figure 2. Sato et al. 
(2000) reported that microbe respiration increased with 
increasing soil moisture content up to 0-50 %, but was 
constant when soil moisture was over 50 %. In July at 
TE-1arch, soil moisture was 67.30 (SE 2.95) %. 
Therefore, in this time, it seemed that microbe 
respiration rate was not increased by an increase of soil 
moisture content. However, it is difficult to separate the 
factors because the fluctuation of soil temperature 
affecting soil respiration was enough to large.  It is 
considered that CO2, which was dissolved in water 
during rain, was evolved at one time after the rain was 
stopped (Jiang et al. 2005). 

 
Different Soil Types Affecting Soil Respiration 

Soil respiration rate in the larch forest, which is 
established on the well-developed soil, i.e. TE-1arch 
was significantly higher than that in immature soil 
derived from volcanic pumice of TO-1arch. Why were 
these differences existed?  

As mentioned above, component of soil respiration is 
considered to be respiration by root, soil 
microorganisms and soil animals. Eguchi et al. (1997) 
estimated that the ratio of soil animal's respiration 
(mainly earthworm) to the soil respiration was 3 % of 
total soil respiration. Paustain et al. (1990) estimated its 
ratio was 7 %. These studies suggested that soil 
respiration by soil animals was negligible small to total 
soil respiration. We, therefore, mainly discussed the 
respiration from root and microorganisms. 

Root density of A horizon in TE-1arch was 
significantly higher than that in TO-larch (Fig. 4). 
Eguchi et al. (1997) reported plant root was mainly 
existed within 12 cm depth, corresponding to A and 
H/A horizon (that is the integration from H horizon to A 
horizon). Sato et al. (1982) also reported that the rooted 
depth was 15cm in A horizon in Teshio Experimental 
Forest. Based on these studies, we estimated the root 
biomass in both sites according to the relationship 

between the root density and the depth of A horizon 
(Appendix 4).  

With higher value of the estimated root biomass of 
TE-larch (Fig. 4), it is considered that large root 
biomass may affect higher soil respiration rate in 
TE-larch. This is one of the clear evidence to explain 
the difference in soil respiration of both sites. Of course, 
turnover rate of fine roots correlates positively root 
respiration. High turnover rate of fine roots is found at 
the surface of the forest floor in cool temperate forest 
(Satomura et al. 2006). Therefore, high respiration of 
soil may be an indicator of activities of rhizosphere, 
mainly related to fine roots.   

Soil carbon content in TO-larch was significantly 
higher than in TE-larch through the year (Fig. 5). 
Generally speaking, biomass of soil microorganisms 
increases proportionally with soil carbon content 
(Anderson 1980, Sawamoto 2000). Therefore, it is 
considered that biomass of microorganism was larger in 
TO-larch than in TE-larch.  

C/N ratio of soil in TO-larch was lower than in 
TE-larch through the year (Fig. 6). Generally speaking, 
C/N ratio was used as an index of decomposition of 
organic matters (Takeda 1994, 1997). Therefore, it is 
considered that decomposition of microorganisms was 
much active in TO-1arch than in TE-1arch. Nakadai 
(=Noguchi, T.) et al. (unpublished data) found that soil 
microorganisms concentrated in the surface of the soil 
in TO-larch. Therefore, these results indicate that in the 
surface of the soil, microorganism's activity was higher 
in TO-larch than that in TE-larch. Considering about 
the depth and structure of horizon of soil in both sites, 
however, this result may not apply in both sites because 
both A and Ao horizon at TO-larch was only about 
15cm. In contrast, Nakadai (1996) reported that CO2 
emission from plow layer of farmland was 93 % of soil 
CO2 efflux. Therefore, it be is indicated that respiration 
of microorganisms may strongly related to the structure 
of soil horizon. In both sites, the C/N ratio was lower in 
June (Fig. 6). Just after snowmelt, increasing 
temperature may firstly accelerate the activity of 
microorganisms. Carbon in soil may be exhausted by 
microorganisms, which induced low C/N ratio.  

Q10 value is an useful index for comparing the 
sensitivity of soil respiration with soil temperature. 
During two years, Q10 value of TE-1arch was tended to 
be slightly higher than that of TO-larch. TE-1arch is 
located in cooler region than TO-1arch. In TE-larch, 
there may be acclimatized to lower temperature. Under 
cold climate, Q10 of plant is usually higher (Townsend 
et al., 1992, Kirschbaum, 1995) which may be 
advantageous for plants to produce energy with a small 
increase in temperature (Körner 1999). Moreover, 
Raich et al. (1992) reported that soil respiration rate in 
cooler region expected to be strongly increased by 
global warming. Therefore, soil respiration at cool and 
cold regions will be a critical factor for CO2 evolution 
from soils. 

 
Effect of vegetation types on soil respiration 

During two years, increment rate of Rs of TO-d-larch 
was significantly higher than of TO-broad. In addition, 
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Rs increment rate of TO-1arch was significantly higher 
than of TO-broad in 2000. But there was no significant 
difference between Rs of TO-1arch and of TO-d-larch 
during two years. These results, however, are 
contradicted with our prediction. What is the reason 
why soil respiration rate in TO-broad is lower than that 
in TO-d-1arch and TO-larch?  

Root density in TO-d-larch was significantly higher 
than the other sites in summer (Fig. 8). A horizon seems 
to be the same depth at three sites in Tomakomai, 
because of these three sites on the same soil type 
originated from immature volcanic ash. Therefore, it is 
considered that root biomass reflected directly the root 
density. Consequently, it is considered that TO-d-larch 
has much root biomass than the other sites. It is 
indicated that the root invading broad-1eaved trees and 
understory vegetation, topographies may affect this 
large root biomass.  

The SOC was significantly higher in the order of 
TO-d-larch, TO-1arch and TO-broad though the year 
(Fig. 9), suggesting that there was much biomass of 
microorganisms. It is considered that higher respiration 
of microorganisms was found in the order of 
TO-d-larch, TO-larch and TO-broad.  

However, activities of soil microorganisms may be 
strongly regulated by the litter quality, namely the C/N 
ratio. Nitrogen in litters is an essential element for 
protein synthesis of microorganisms. But during 
decomposing litters, microorganisms may need energy 
derived from carbon in litter. Therefore, the C/N ratio 
of litter is critical factor to regulate the rate of 
decomposition of litters (Takeda 1994, 1997).  

C/N ratio in TO-broad was significantly lower than 
in TO-1arch (Fig. 10). Moreover, C/N ratio in 
TO-d-1arch was the medium value of TO-broad and 
TO-1arch. Generally speaking, soil of broad-leaved 
forest has lower C/N value, which is found for 
TO-broad and TO-larch. This result shows that 
decomposition rate by microorganisms is higher in 
TO-broad. However, soil respiration of TO-broad was 
the lowest among three sites examined. If the activity of 
soil microorganisms would be high by way of using 
low C/N litter as their food, soil respiration should be 
higher. In fact, in the Tomakomai sites, there was no 
direct relationship between the C/N ratio in leaf litter 
and soil respiration. Raich (1995) compared directly the 
rate of CO2 emission from the moist temperate forest 
dominated by deciduous broad-1eaved trees with those 
from coniferous forests, which had different 
nutrient-cycling characteristics. However, there was no 
apparent difference between these forest types with 
respect to their observed soil CO2 emission. 
Considering the present results, when we compared for 
the C/N ratio with the broad-leaved forest and the larch 
forests which nutrient-cycling characteristics were 
different, moreover, it produces the conflict about 
microorganism's activities.  

One of the ideas that explain this conflict is the 
existence of dormant microorganisms. Based on this 
study and previous researches (e.g. Toda 2000), soil 
respiration rate is not directly correlated with the soil 
C/N ratio, even though soil microorganisms have high 

nitrogen content in their bodies. We may conclude that 
we cannot infer the activities of soil microorganisms by 
way of soil C/N ratio because not all microorganisms 
are active but some of them are in dormant condition 
(Takeda 1994, Toda 2000).  

But identifying a relationship between substrate 
quality and CO2 emission is of importance if one exists, 
as increases in atmospheric CO2 concentrations are 
predicted to increase the C/N ratio in litter production 
(Norby et al. 1986, Crill 1991).  

Getting with seasonal change of C/N ratio, C/N ratio 
in June was lower (Fig. 10). This result was coincided 
with the trend of TE-larch (Fig. 6). The same as 
premise, it is suggested that snowmelt following an 
increase of soil temperature induce the microorganism's 
activities, and respiration by microbes was higher in 
June. Law et al. (1999) reported that soil respiration 
rate was higher in the younger stands than the older one. 
Based on the data obtained in this study, high Rs of 
TO-d-larch may be attributed to the composition of tree 
species and with younger tree seedlings invaded into 
gaps and forest floor.  

Multiple regression analysis revealed that most of 
factor affecting soil respiration rate was soil 
temperature in all sites (Table 3). Moreover, the second 
factor was the root density in TO-d-larch and was 
nitrogen content in TO-larch. In TO-d-larch, root 
biomass was larger than other sites (Fig. 8), which was 
affecting soil respiration rate. Therefore, these results 
indicate that higher soil respiration rate of TO-d-larch 
involved in larger root density. However, the reason 
why TO-larch has higher soil respiration rate than 
TO-broad, was still under discussion. Actually, forest 
stand structure of TO-broad is classified as a typical 
well matured forest (Takahashi et al. 1999). It is 
considered that activity of underground of TO-broad is 
low because of aged composer of tree species. 

 
Annual Soil Respiration Rate 

Annual soil respiration rates of the study sites ranged 
between 2936 and 3699 (gCO2 m-2yr-1) (Table 4). This 
value was higher than the other reports in the similar 
latitude (Koizumi unpublished data). Mixed broadleaf 
and conifer forest in U.S.A. have the value of 2000 
gCO2 m-2yr-1 (Crill 1991) and that type of forest in 
Germany have the value of 2313 gCO2 m-2yr-1 (Dorr et 
al. 1987). This value was lower than temperate forest in 
central Japan, i.e. 4026-4602 gCO2 m-2yr-1 (Koizumi 
unpublished data), and higher than in boreal forests in, 
where 1750 gCO2 m-2yr-1 (Toland and Zak 1994).  

The input of CO2 and output of CO2 was almost neat, 
in TE-1arch and in TO-larch (Table 5). In addition, 
there was a trend that as an invasion of broad-1eaved 
saplings, input of CO2 increased and output of CO2 
decreased. In TO-broad, annual carbon input and output 
was almost the same value. But, in another three sites, 
the output was much larger than the input. The 
difference between output and input of CO2 may be due 
to consisting of root respiration rate and CO2 evolution 
by root decomposition or root exudates or over-estimate 
of litter-gall (e.g. Tadaki 1977) due to positional bias of 
traps. This result suggested that most of soil respiration 
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rate in TO-broad derived from respiration of 
microorganisms.  

It is well known that litter decomposition rate of 
broad-leaved forests is higher than that of coniferous 
forests, such as pine and cypress forests which are 
considered to be related to the C/N ratio in needle litter 
(Takeda 1994). With lower C/N litters of broad-leaved 
tree spices, litters were easily attacked by 
microorganisms as rich nitrogen resources. In contrast, 
conifers usually have higher ratio of C/N in leaf litters, 
which is hardly decomposed by microorganisms 
because many phenolic compounds, especially high 
content of lignin prevents to be digested. However, the 
range of C/N ratio seems to be most indicative 
parameter, from the viewpoint of nitrogen 
mineralization limited by carbon availability (Takeda 
1994).  

In TO-broad, lower root respiration rate may affect 
lower soil respiration. However, root density in 
TO-broad was similar to that in TO-larch. Therefore, 
root respiration per its biomass in broad-1eaved trees 
may be lower than in larch-trees.  

During two years, there was a trend that Q10 was 
similar value in every site. In these sites, the range of 
Q10 was from 2.11 to 2.80. Raich et al. (1992) reported 
medium value of Q10 calculated from value of various 
forests, was 2.4. Our results showed the similar value. 

 
Conclusion 

Soil respiration rate in a larch plantation was 
changeable by soil types and mixing degree of 
broad-leaved trees. Therefore, estimation of soil 
respiration rate would be strongly influenced by several 
factors. For example, it is reported that soil respiration 
rate was also affected by gap formation (Matsuura et al. 
2001) and the species richness (Appendix 5). It is 
essential for estimation of soil CO2 efflux to be taken 
into account for these factors. Further studies will be 
needed in analysis of the role of microorganisms and 
the activities of trees for estimating in soil respiration 
of forests. Moreover, to understand the reason why 
higher soil respiration in a larch forest, we need to 
know respectable respiration by root and 
microorganisms, relationship between C/N ratio and 
soil respiration rate. 
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Appendix 2. Soil profile of volcanogenous regosols in Tomakomai. 

Appendix 1. Soil profile of brown forest soil in Teshio. 
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Appendix 4. The mean value of total root biomass (g) under the measuring point taking the depth 
of A horizon into consideration (± SE in parenthesis). 

Appendix 3. Spatial variation of soil respiration rate in a larch plantation. 
To understand dispersion of soil respiration rate , We measured soil respiration rate 
for 100 point s in one day. This measurement performed in TO-larch in 10th 
September 1999. It is not avoid that diurnal change of soil respiration, but soil 
respiration rate have large dispersion among every points. 
We measured the soil respiration rate at area the where the variation was small. 
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How to calculate this value was from the following equation; 
total root biomass-Rd × Ad/5 where Rd (g･100cm-3) is the value of the sampling root 
mass and Ad (cm) is the depth of A horizon (TO-larch; Ad=12, TE-larch is Ad=15). 
Considering the depth of sampling core, We multiplied the compensation value. 
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Appendix 5. Relationship between soil respiration rate and the umber of plant species. 

We measured soil respiration rate in nine plots where there were different number of plant 
species (in TOEF). This study was performed in 15-16th August 2000 when whether 
condition was almost the same in two days. Replication was 10 points at random in every site. 
Soil respiration was measured with LI-6400. At the same time, We measured soil temperature 
and volumetric water content. Volumetric soil water content was measured by Thermal 
Domain Reflectmetry (TRIME-FM, IMKO). 
To understand what the factors that affecting on soil respiration rate, multiple regression 
statistics forward stepwise models were performed. In this case, dependent variables were soil 
respiration rate, and independent variables were soil temperature, the number of plant spices 
and volumetric water content. 


