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Abstract

To clarify the effects of forest fire on the carbon budget of a forest ecosystem, this study compared the seasonal variation
of soil respiration, net primary production and net ecosystem production (NEP) over the year in unburned and burned
Pinus densiflora forest areas. The annual net carbon storage (i.e., NPP) was 5.75 t C ha'in the unburned site and 2.14 t C
ha'in the burned site in 2012. The temperature sensitivity of soil respiration (i.e., Q,, value) was higher in the unburned
site than in the burned site. The annual soil respiration rate was estimated by the exponential regression equation with
the soil temperatures continuously measured at the soil depth of 10 cm. The estimated annual soil respiration and het-
erotrophic respiration (HR) rates were 8.66 and 4.50 t C ha'yr! in the unburned site and 4.08 and 2.12 t C ha' yr'! in the
burned site, respectively. The estimated annual NEP in the unburned and burned forest areas was found to be 1.25 and
0.02 t C ha'yr?, respectively. Our results indicate that the differences of carbon budget and cycling between both study
sites are considerably correlated with the losses of living plant biomass, insufficient nutrients and low organic materials
in the forest soil due to severe damages caused by the forest fire. The burned Pinus densiflora forest area requires at least
50 years to attain the natural conditions of the forest ecosystem prior to the forest fire.
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INTRODUCTION

The carbon dioxide (CO,) concentration has rapidly in-
creased up to about 380 ppm at present by activities of
human beings, compared to about 270 ppm before the in-
dustrial revolution (Aber and Melillo 2001). The impacts
of the combustion of fossil fuel and intense land-uses
have caused the fluctuation and imbalance of carbon
cycle and budget in regional and global scales (Maier and
Kress 2000). In particular, the forest ecosystem accounted
for about 90% of carbon stock on the aboveground part
within the terrestrial ecosystem, and 40% of carbon stock

on the belowground part (Waring and Schlesinger 1985).
Therefore, mitigation management has focused on the
forest ecosystem as the pivotal sink in reducing the atmo-
spheric CO, (Winjum et al. 1992).

About 10% of atmospheric CO, is generated from the
soil, and their amounts are reached about 10 times more
than the CO, emission according to consumption of the
fossil fuel (Raich and Schlesinger 1992). As an index of
metabolic activities through biological processes, the
CO, efflux from the soil surface is generally termed soil
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respiration, which plays major roles in the carbon cycle
and budget of forest ecosystems (Anderson 1982, Lands-
berg and Gower 1997, Chae et al. 2003). Soil respiration
mainly consists of two components: (a) heterotrophic
respiration (HR) by soil microorganisms and soil animals
that decompose litter and soil organic materials; and (b)
root respiration (RR) from living plant roots and the as-
sociated mycorrhizae (Gough and Seiler 2004, Jassal and
Black 2006). These biological processes are both largely
affected by environmental factors, such as temperature,
humidity, soil moisture content and soil physiochemi-
cal factors including litter supply, nutrients necessary for
plant growth and soil bulk density in the forest ecosys-
tems (Raich and Nadelhoffer 1989). However, because it
is difficult to predict the spatio-temporal changes of soil
respiration that results due to the complex variability of
these factors, many studies should be established the cor-
relation between the soil respiration and environmental
factors (Mielnick and Dugas 2000, Xu and Qi 2001), and
the carbon budget can be accurately expected through
the quantitative measurement of soil respiration in vari-
ous forest ecosystems (Wang et al. 2002).

In South Korea, forests occupy approximately 65% of
the total terrestrial area (6.3 x 10° ha). The Korean forest
is composed of both deciduous and mixed forests (about
57% of the Korean forest area) and Pinus densiflora for-
est (about 23.5% of the Korean forest area). Therefore, it is
very important to quantify the carbon budget of Korean
forests, and to determine whether the forest ecosystem is
sink or source for atmospheric CO,. Some previous stud-
ies of the carbon cycle and budget have been conducted in
the Korean forests (Pyo et al. 2003, Joo et al. 2011). Howev-
er, there is still a lack of information. The forest area in the
Gangwon-do district of South Korea has been concentrat-
ed more than 21% of the total Korean forest area. In recent
years, forest fire has frequently occurred in this district,
and the damaged areas have increased from year to year.
The largest damage accounted for about 0.36% (23,794
ha) out of the total Korean forest area in 2000 (Choung et
al. 2004). Forest fire causes a rapid reduction of biomass
and a change of community structure by burning inflam-
mable substances within the forest (Diaz-Delgado et al.
2002). Moreover, repetitive forest fires, further drive sub-
sequent changes in the species composition of soil organ-
isms, physicochemical properties of the soil and forest
vegetation in ways that probably alter the carbon balance
and nutrient cycle of the entire ecosystem (Chandler et al.
1983, Mun and Choung 1996). Although ecological long-
term studies are necessary to assess the carbon budget
of forest ecosystems according to the intensity of forest
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fire and the degree of the ecosystem recovery, there is no
comprehensive study for the effects of forest fire on the
carbon budget in the Korean forests.

We have attempted to investigate the seasonal varia-
tion of soil respiration, net primary production (NPP) and
net ecosystem production (NEP) over the year in both the
unburned and the burned P. densiflora forest in the for-
est area damaged by the eastern coast forest fire of 2000,
which has gone through the natural recovery period for
12 years around Samcheok-si, Gangwon-do, South Korea.
The main part of the burned P. densiflora forest has been
preserved for national long-term ecological research by
the Ministry of Environment. There have been no artifi-
cial forest management practices and treatments. The
present study is aimed specifically at clarifying the effects
of forest fire on the carbon budget of the forest ecosystem
by comparing the soil respiration rate, NPP and NEP in
the unburned and burned forest areas.

MATERIALS AND METHODS
Study site

The subject area for this study is located in Samcheok-
si, Gangwon-do, dominated by pine tree (Pinus densiflo-
ra). The burned forest site which is located on Imwon-ri,
Wondeok-up (N 37° 13" 47.8", E 129° 18" 36.3") has been
in the recovery for 12 years after being damaged by the
forest fire, which consumed nearly 70% of the total for-
ested area regionally (Fig. 1). The vegetation of this site
was completely burnt during the fire up to the crown layer
of dominant pine trees due to the forest fire. Subsequent
to the fire, oak trees (Quercus mongolica) dominated
throughout the shrub layer, with the additional presence
of Quercus serrata and Lespedeza bicolor. The unburned
forest site is located on Yang-ri, Geundeok-myeon (N 37°
19°42.0",E129°12"10.6") and is dominated by 45 year-old
pine trees with the density of about 1000 trees ha™'. In the
tree layer of unburned forest site, the diameter at breast
height is 26.64 + 7.30 cm and the height is 15.87 + 0.51 m
(mean + standard deviation) with abundant Q. serrata
and Q. mongolica and occasional Q. variabilis, Castanea
crenata, and Rhododendron mucronulatum var. ciliatum.

In July 2007, we established 4 permanent study plots
(20 m x 20 m per one permanent study plot) on a gen-
tle slope (about 10°~20°) in each burned and unburned
site. Being as located in the eastern coast of Korea, the
study area shows the higher mean annual temperature of
13.2C characteristic of the oceanic climate. The annual
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Fig. 1. Map of the study area in Samcheck-si, Gangwon-do (blue dot indicates the unburned study site at Geundeok-myeon Yang-ri; red dot indicates the

burned study site at Wondeok-up Imwon-ri).

total precipitation and annual mean wind velocity were
1273.9 mm and 2.2 m/s, respectively. The precipitation is
concentrated during the peak summer season (July and
August), accounting for more than 50% of the annual total
precipitation.

Biomass and net primary production

In 4 permanent study plots (the total area of 1600 m?)
per each site, the biomasses of all vegetation were mea-
sured once a year during the experimental period from
2007 to 2012. In all standing trees of 4 permanent study
plots, the diameter at breast height (DBH, at the 1.2 m
height above the ground) and the height (H) were mea-
sured with measuring tapes and ultrasonic distance me-
ters (Hagalof Vertex Laser VL400; Sweden), respectively
(Hoover 2008, Son et al. 2010). The basal diameter of
trees more than 1 cm diameter at 10 cm height above the

ground was measured. The standing biomass of tall trees
was estimated using the biomass allometric equation by
the DBH and H of pine trees in Gangwon-do (Son et al.
2010). The above-ground biomass of shrubs was estimat-
ed using the allometric equation established by Lee et al.
(2004). In addition, the total below-ground biomass was
estimated to be 25% of the total above-ground biomass
(Johnson and Risser 1974). The harvest method was used
for measuring the current total biomass of herb layers.
The above- and below-ground parts of herbs were col-
lected by clipping and/or digging from 3 random quad-
rats (2 m x 2 m) adjacent to the permanent study plot. The
current biomass per unit area was calculated by weighing
after drying until the constant weight at 60 °C. The annual
total amount of net primary production (NPP) was esti-
mated by subtracting biomass of the previous year from
biomass of the current year.

http://www.jecoenv.org
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Measurement of soil respiration

In October 2011, we randomly selected locations of 2
sub-plots (120 cm x 80 cm) in each permanent study plot.
Three soil collars (6 collars per each permanent study
plot) made of cylindrical polyvinyl (10 cm in diameter and
7 cm in height) were inserted into the soil in each sub-
plot to a depth of 2 cm. The above-ground vegetation was
removed from inside the collars, but the surface litter was
retained. Once inserted, the soil collars were left in place
throughout the entire measurement period in each sub-
plot. The form gasket ring was used to form an airtight seal
between the soil collar and the soil respiration chamber.
In situ soil respiration rates were measured once a month
from November 2011 to October 2012 with by connecting
to an infrared gas analyzer LI-6400 (Li-Cor Inc., Lincoln,
NE, USA) based on the closed chamber method (Chae et
al. 2003, Joo et al. 2011). The measurements were regular-
ly performed between 10:00 and 14:00 h to avoid diurnal
fluctuations as much as possible (Davidson et al. 1998).
We calculated the daily mean values by assuming that the
measured soil respiration rates were repeated over the
day, and each sampling date was considered as the rea-
sonable midpoint of a sampling period. To estimate an-
nual soil respiration, we interpolated between sampling
dates to estimate the mean soil respiration for each site
each day of the year, and then computed the sum for the
year (Davidson et al. 1998).

Measurements of environmental factors

The soil temperature and soil moisture content at
the soil depth of 10 cm and the air temperature at 1.5 m
height above the ground were automatically measured at
10 min interval for one year from November 2011 to Octo-
ber 2012 by installing each Data loggers (WatchDog 1000
Series; Spectrum Technologies Inc.) in the unburned and
burned forest sites.

Estimation of carbon budget

In Pinus densiflora forests of Asian monsoon temperate
regions, the ratio of root respiration (RR) to the soil respi-
ration has been reported in the range of 45 - 51% (Nakane
et al. 1983), and in the present study we used the mean
value of 48%. We used the estimate of 50% for the carbon
content in the xylem of the trees and shrubs that has been
internationally used (IPCC 2007), with 45% as the esti-
mate of the amount of carbon for the herbs (Houghton
et al. 1983). The net ecosystem production (NEP) can be
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generally calculated by subtracting heterotrophic respira-
tion (HR) from net primary production (NPP) by vegeta-
tion (NEP = NPP - HR) (Lee et al. 2003, Yashiro et al. 2010).
The NPP can be also calculated by deducting autotrophic
respiration (AR) from gross primary production (GPP) by
vegetation (NPP = GPP — AR). NPP in the forest ecosys-
tems indicates the total amount of carbon in the biomass
in the in the current year, minus the previous year. Het-
erotrophic respiration (HR) was calculated by subtracting
root respiration (RR) from the soil respiration (HR = soil
respiration — RR).

Statistical analysis

Differences between the mean values of the soil res-
piration rates for unburned and burned study sites were
evaluated using the Student’s #-test. Significant levels
for all tests were P < 0.05. Regression analysis was used
to analyze the relationships among soil respiration rates,
soil and air temperatures, and soil moisture contents in
unburned and burned study sites. We explained the sensi-
tivity of the mean soil respiration rate to soil and air tem-
peratures by fitting exponential functions to the data. We
also examined the sensitivity of the mean soil respiration
rate to soil moisture content by fitting second-order poly-
nomial functions to the data. All statistical analyses were
conducted using the statistical analysis program of SPSS
ver. 12.0 (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
Standing biomass and NPP

In both the unburned and burned study sites, the pine
tree was the only dominate species (Table 1). The rela-
tively low density of dominant pine trees in the unburned
site had developed an overall structure of diverse layers
within the forest. In the case of burned site, shrubs had
mainly developed the architecture and distribution of un-
derstory vegetation. We assumed that the high density of
shrubs of uniform height in the burned site was due to
growth subsequent to the 2000 fire.

The standing biomasses of the separate tree, shrub, and
herb layers in the unburned and burned sites are shown
in Table 2. The total standing biomass of the unburned
site in 2011 and 2012 was 327.18 t/ha and 338.68 t/ha (1 t
=10° kg), respectively. In the same period, the total stand-
ing biomass of the burned site was 74.57 t/ha and 78.84 t/
ha, respectively. In our study, the amount of standing bio-
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mass in the unburned P, densiflora forest was higher than
92.35 t/hain Mt. Nam (Lee 2011), 119.84 t/ha in Mt. Worak
(Jeon 2007), and about 206 t/ha in Mt. Jeombong (Kwak
2008). Among them, the differences in the standing bio-
mass of P densiflora forests of South Korea can be varied

by the age of trees, districts, environmental conditions,
and the applied allometric equations (Park et al. 1996).
The net primary production (NPP) in the unburned
and burned study sites in 2012 is shown in Table 3. NPP
in the unburned site was 11.50 t ha! yr! while NPP in the

Table 1. Dominant vegetation in the unburned and burned study sites in 2012

Study plot Species composition Density (No. of tree/100 m?) Height (m) DBH (cm)
Unburned site Tree Pinus densiflora 10 15.87 £0.51 26.64 +7.30
Shrub Quercus serrata 39 2.02+£0.78 2.65+1.21
Quercus mongolica
Quercus dentata
Castanea crenata
Rhododendron mucronulatum
Herb Carex lanceolata - - -
Burned site Shrub Quercus mongolica 60 2.44+0.97 3.74+2.15
Quercus serrata
Lespedeza bicolor
Herb Carex lanceolata - - -
DBH, the diameter at breast height.
Table 2. Above- and below-ground biomasses in the unburned and burned study sites in 2011 and 2012
Unburned site Burned site
Vegetation
2011 2012 2011 2012
Tree Stem 170.65 176.44
Branch 48.54 49.95
Leaf 21.42 21.94
Root 57.95 59.74
Total 298.56 308.07
Shrub Aboveground 22.58 24.16 59.20 62.61
Belowground 5.65 6.04 14.80 15.65
Total 28.23 30.20 74.00 78.26
Herb Aboveground 0.22 0.24 0.33 0.33
Belowground 0.17 0.17 0.24 0.25
Total 0.39 0.41 0.57 0.58
Total (t/ha) 327.18 338.68 74.57 78.84

Table 3. The net primary production (NPP) and annual net carbon storage in the burned and unburned study sites in 2012

Unburned site Burned site
NPP
2012 2012
Tree Stem 5.78
Branch 1.41
Leaf 0.52
Root 1.79
Total 9.50
Shrub Aboveground 1.58 341
Belowground 0.40 0.85
Total 1.98 4.26
Herb Aboveground 0.021 0.008
Belowground -0.001 0.002
Total 0.02 0.01
Total (t ha'yr™) 11.50 4.27
Annual net carbon storage (t C ha'yr") 5.75 2.14
285 http://www.jecoenv.org
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Fig, 2. Seasonal patterns of soil respiration rates in the unburned and burned study sites (Student’s t-test: *, P < 0.05; ***, P < 0.001; N.S, no significance).
Vertical bars indicate standard deviations of the mean. Very little soil respiration occurs during the winter (December through March).

burned site was 4.27 tha'yr'. The NPP in the unburned P
densiflora forest was higher than 6.13 t ha' yr'in Mt. Nam
(Lee 2011), whereas it was lower than 12.24 tha!yr! in Mt.
Jeombong (Kwak 2008). In our study, although the NPP in
the burned site was lower than those in other studies, it
was included within the range of 3.7-16.5 t ha'yr' for the
annual net production of P densiflora forests in South Ko-
rea reported by Park and Lee (1990). The annual net car-
bon storage of vegetation (i.e., NPP) was 5.75t Cha'in the
unburned study site and 2.14 t C ha'in the burned study
site during the study period of 2012 (Table 3).

Characteristics of soil respiration

Seasonal variations of soil respiration rates in the un-
burned and burned study sites are shown in Fig. 2. Dur-
ing the entire experiment period from November 2011 to
October 2012, the monthly mean soil respiration rate was
2.74 £ 0.49 pmol CO, m?s'in the unburned site and 1.37
+0.26 pmol CO, m?s'in the burned site. In the peak sum-
mer season (July and August), the soil respiration rates in
the unburned study site was more than three times than
that of a maximum value in the burned study site. How-
ever, in in the winter season (December-February) and
early spring (March) with the relatively low rates of soil
respiration for one year, there were no significant differ-
ences between the unburned and burned study sites (Fig.
2). The plant root growth and the metabolic activities of
heterotrophic soil microorganisms were most similar be-
tween the 2 plant communities during the winter period.
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Although the activity of heterotrophic soil microorgan-
isms in the burned study site were at a maximum during
the summer season, their soil respiration rates were al-
ways lower than those in the unburned study site.

Correlation between the soil respiration rates
and environmental factors

Relationships between the environmental factors (air
and soil temperatures, and soil moisture content) and the
soil respiration rates was analyzed by fitting exponential
and second-order polynomial functions to the data are
shown in Fig. 3. The soil respiration rates in the unburned
(R?=0.97) and burned (R?= 0.94) sites had a strong cor-
relation with soil temperatures. They were more sensitive
to the soil temperature than the air temperature in both
sites. Moreover, the Q,, values (the temperature sensitiv-
ity of soil respiration) in the unburned site were higher
than those in the burned site. In addition, the relation-
ship between the soil moisture content and soil respira-
tion presented a very low correlation in the unburned (R?
= 0.28) and burned (R? = 0.14) sites (Fig. 3). These find-
ing results were similar to those reported in many forest
ecosystems (Witkamp 1969, Chapman 1979, Son and Kim
1996, Knapp et al. 1998, McHale et al. 1998, Lee and Mun
2001, Yi 2003). However, Davidson et al. (1998) found that
soil respiration may be decreased in some periods with
high or low soil moisture content. Knapp et al. (1998) re-
ported that the soil respiration rate was increased with the
improved metabolic activity of heterotrophic microor-
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temperature (a), air temperature (b) and soil moisture content (c) in the
unburned and burned study sites. The solid and dashed lines represent
regression curves for the unburned site and burned site, respectively.

ganisms by rising soil moisture contents. Lee (2011) also
showed that that the soil respiration rate was heightened
with the increase of soil microbial activity by the activated
diffusion of oxygen into the soil pore for a certain period
after rainfall. Although in our study, the relationship be-
tween the soil respiration rate and soil moisture content
was a very low, the soil moisture content was recognized
as an important secondary environmental factor (Rein-
ers 1968, Crapo and Coleman 1972). Therefore, further
detailed studies are needed to examine and clarify the
influences of environmental (soil moisture content, solar
radiation, precipitation and temperature) and biotic (soil
microbial and faunal activity, litter production, and plant
root growth) factors on the soil respiration rate in various
forest ecosystems.

Total annual soil respiration

The annual soil respiration in the unburned and
burned study sites was 31.76 and 14.95 t CO, ha'yr?, re-
spectively (Table 4). The annual soil respiration rate in
the unburned study site was two times higher than that
in the burned site. In our study, the annual soil respira-
tion in the unburned P, densiflora forest was higher than
24.0 t CO, ha'yr'in Jinju districts of Kyeongnam (Moon
2004), 27.32 t CO, ha'yr'in Mt. Sambong of Kyeongnam
(Kim 2006), 21.20 t CO,ha'yr!in Chuncheon districts of
Gangwon-do (Jeong 2007), and 26.27 t CO,ha!yr!in Mt.
Moodeung (Kim 2008). The annual soil respiration in the
burned P, densiflora forest was lower than those in above
other studies. However, it was a little higher than the an-
nual value of 10.0 t CO,ha'yr! in the burned P, densiflo-
ra forest for 1 year after the forest fire reported by Jeong
(2007). In addition, the values of annual soil respiration
in both unburned and burned forests were incorporated
within the range of 10.0-46.0 t ha! yr! for various conif-
erous forests in studies of soil CO, effluxes from the soil
surface reviewed by Raich and Nadelhoffer (1989).

Table 4. Seasonal and annual soil respiration rates in the unburned and burned study sites

2012 Unburned site Burned site
Month Soil respiration Percentage (%) Soil respiration Percentage (%)

Spring (March ~ May) 464.88 14.64 300.13 20.08
Summer (June ~ August) 1752.97 55.20 636.17 42.56
Autumn (September ~ November) 810.41 25.52 428.96 28.69

Winter (December ~ February) 147.27 4.64 129.49 8.67
Monthly total (g CO. m™) 3175.53 100 1494.77 100

Annual (t CO; ha™) 31.76 14.95

Annual (tCha™) 8.66 4.08

287 http://www.jecoenv.org
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Carbon budget

The annual NPP in the unburned and burned P. den-
siflora forests was 5.75 and 2.14 t C ha' yr! respectively,
while the annual heterotrophic respiration (HR) was 4.50
and 2.12 t Cha'yr! respectively (Fig. 4). With this, the an-
nual NEP in the unburned and burned forest areas was
calculated as 1.25 and 0.02 t C ha'yr! respectively. These
results suggest that both unburned and burned P den-
siflora forests reflect the function of forest ecosystem as
sinks of atmospheric CO, in 2012. However, the burned
forest areas might have acted as a source until the recent
few years.

Recovery period for the forest fire

In the unburned and the burned study sites, the annual
total standing biomass of vegetation except for the herb
layer during the survey period of six years from 2007 to
2012 is shown in Table 5. Annual mean growth rates were
documented as 8.83 t ha'! yr'in the unburned site and
4.08 tha' yr'in the burned site (Fig. 4). The estimated an-

nual total standing biomass in the burned site prior to the
forest fire by applying the annual mean growth rate in the
unburned site was about 232.3 t ha! yr'. It was assumed
to need about 38 years until the burned study site become
to the standing biomass in the P densiflora forest prior to
the fire, through the natural recovery period of 12 years
after the forest fire. Therefore, since the eastern coast for-
est fire of South Korea in 2000, the damaged P, densiflora
forest areas are required at least 50 years to become the
optimum conditions of the forest ecosystem prior to the
fire. In the present of 2012, the burned P, densiflora forest
areas have recovered by about 24%.

CONCLUSION

This study was conducted in the unburned P densi-
flora forest, and the burned P, densiflora forest in which
the area damaged by the eastern coast forest fire in 2000
, which has gone through the natural restoration process
and the recovery period for 12 years around Samcheok-si,
Gangwon-do, South Korea. The annual net carbon stor-

Table 5. Annual total standing biomasses (t/ha) in the unburned and burned study sites during the survey period of 6 years from 2007 to 2012

Year Unburned site Burned site
2007 294.13 57.89
2008 301.07 60.13
2009 309.97 64.24
2010 316.52 68.82
2011 326.79 74.00
2012 338.27 78.27
Annual mean growth rate (t ha™ yr") 8.83 4.08
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age of vegetation (i.e., NPP) in 2012 was 5.75 t C ha'in
the unburned forest and 2.14 t C ha'in the burned for-
est. During the entire experiment period, the monthly
mean soil respiration rate was 2.74 + 0.49 pmol CO, m™
s1in the unburned site and 1.37 + 0.26 ymol CO, m?s1in
the burned site. The soil respiration rate in both sites had
a strong correlation with the soil temperature. The tem-
perature sensitivity of soil respiration (i.e., Q,, value) was
higher in the unburned site than those in the burned site.
The estimated annual total soil respiration and heterotro-
phic respiration (HR) were 8.66 and 4.50 t C ha'yr! in the
unburned site and 4.08 and 2.12 t C ha'yr! in the burned
site, respectively. The estimated annual NEP in the un-
burned and burned forests was found to be 1.25 and 0.02 t
Cha'yr’, respectively. Our results indicate that the differ-
ences of carbon cycle and budget between the unburned
and burned sites are considerably attributed to the losses
of living plant biomass in the above and belowground of
P densiflora forest due to the huge damage caused by the
forest fire, and insufficient nutrients and low organic ma-
terials in the forest soil of burned site. Although both un-
burned and burned forests play as sinks of atmospheric
CO,, the burned forest areas might have acted as a source
until the recent few years. It was found that the damaged
P densiflora forest area is required at least 50 years to be-
come the natural conditions of the forest ecosystem prior
to the forest fire. It seems that the burned P. densiflora for-
est areas have recovered by about 24% in the present of
2012. However, in fact, it is difficult to reveal the impacts
of forest fire in related to the carbon cycle and budget of P
densifloraforest ecosystem, only with the results obtained
by field measurements during this short-term research
period. Therefore, further detailed and long-term studies
are necessary to establish an accurate evaluation of the
carbon balance and dynamics in the burned P, densiflora
forest until the damaged forest ecosystem completely be-
comes a natural recovery into the initial state prior to the
forest fire.
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