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major changes throughout the entire forest ecosystem (Raison,
1979; Hungerford et al., 1991). Typical damage caused by a
forest fire includes the loss of timber resources, changes in
forest vegetation and soil properties, as well as the loss of
ecosystem service functions such as flood control and mudslide
prevention due to acceleration of soil erosion.

Abstract
The current study analyzed the physico-chemical
characteristics of soil in an area in Gyeongju National Park,
Sogeumgang, South Korea, that was damaged by forest fire.
The study area included a site that was not damaged by forest
fire (control site), sites that were artificially reforested with
black pines (Pinus thunbergii), and naturally restored sites.
With respect to physical characteristics, both soil temperature
and soil moisture were higher in the artificial reforestation and
natural restoration sites than in the control site. Analysis of soil
chemical characteristics indicated that soil pH was higher in the
artificial reforestation and natural restoration sites than in the
control site. Available phosphorus content was higher in the
control site and the artificial reforestation site, whereas the
available phosphorus content was relatively low in the natural
restoration site. Total organic compound content was highest in
the control site, while this was slightly higher in the natural
restoration site than the artificial reforestation site. Total
nitrogen content was lower in the natural restoration and
artificial reforestation sites than in the control site. Cation
exchange capacity (CEC) and exchangeable cation content
were similar in the control, restoration, and reforestation sites,
but CEC was highest in the natural restoration site. These
results confirmed that the soil damaged by forest fire gradually
recovered to near a state of becoming stable.

In particular, examination of changes in soil environments
caused by forest fires indicate that nutrient contents in soil
generally increase after a forest fire (Wagle and Kitchen, 1972;
Wright and Bailey, 1982), and this increased nutrient content
undergoes a rapid decrease due to leaching that occurs after the
forest fire (Grier and Cole, 1971; Boerner and Forman, 1982),
with a tendency for some to be absorbed by vegetation that is
restored and regrown (Kim and Oh, 2001). Moreover, changes
to the physico-chemical characteristics of soil caused by forest
fires may vary according to the soil properties, intensity of the
forest fire, and degree of ash accumulation, while they may also
be influenced by meteorological factors and time elapsed since
the forest fire (DeBano, 1991). Therefore, continued
monitoring of the soil environment in areas damaged by forest
fire is needed, and systematic restoration measures for soil and
surrounding environment should be established based on such
monitoring.
Accordingly, the objective of the current study was to analyze
the physico-chemical characteristics of soil in 40.5 ha of
Gyeongju National Park Sogeumgang area, South Korea,
damaged by a forest fire in 2009, and to identify the pattern of
time series changes to use the findings in providing basic data
for future restoration of soil environment in areas damaged by
forest fire.
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INTRODUCTION
Forests are a natural environment that have formed a very close
and complex relationship with humans throughout human
history, and forest have played an important role in human
civilization. Forests are very important resources that provide a
pleasant environment for humans, while also having various
ecosystem functions such as prevention of flooding and
protection of the ecosystem (Kim, 2014). Such forests are not
formed in a short period of time, and it requires much time and
effort to cultivate and preserve such forests. Moreover, once
lost, it is extremely difficult for forests to recover back to their
original form, and this process requires a long time period.

STUDY SITES AND METHODS
Survey Sites
The survey sites were located in parts of Gyeongju National
Park Sogeumgang area in Dongcheon-dong and Bukgun-dong
of Gyeongju (North Gyeongsang Province, Korea). In April
2009, 40.5 ha of this area were damaged by forest fire
(www.knps.or.kr). Subsequently, some parts of this area were
artificially restored by planting black pines (Pinus thunbergii),
while other areas were designated for natural restoration and
managed accordingly.

Forest fires are one of the main perturbation factors in the forest
ecosystem. Forest fires lead to decreases in the number of plant
species, and also cause changes to the physico-chemical
characteristics of forest vegetation and soil, as well as causing

For analysis of the physico-chemical characteristics of soil in
the area damaged by forest fire, the area was divided into five
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survey sites: one control (Site 1), two reforestation (Site 2, Site
3), and two natural restoration sites (Site 4, Site 5). The

geographical location and the latitudes and longitudes of the
sites are as shown in Figure 1 and Table 1, respectively.

Figure 1. Geographical location of survey sites

(a) Current pictures at the control site (site 1)

(b) Current pictures at the reforestation site (site 2)

1587

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) pp. 1586-1592
© Research India Publications. http://www.ripublication.com

(c) Current pictures at the natural succession site (site 4)

Category
Latitude
Longitude

Table 1. Latitudes and longitudes of soil survey sites
Control site
Reforestation site
Site 1
35°50′42″
129°14′57″

Site 2
35°50′49″
129°15′12″

Natural restoration site

Site 3
35°50′54″
129°15′10″

Site 4
35°51′19″
129°15′19″

Site 5
35°51′17″
129°15′20″

comparative analysis with soil survey results from 2010, 2012,
and 2014 (KNPS, 2010; KNPS, 2012; KNPS, 2014). Survey
results for soil depth within 10cm were compared with analysis
results from 2010 and 2012, while results for soil depth of ~10
- 20cm were compared with analysis results from 2014.

Survey and Analysis Methods
Field surveys on all five sites were conducted in May, July, and
September of 2016 for the purpose of analyzing the soil
chemical characteristics. The site status of the study area was
surveyed based on field notes, while soil samples were
collected for analysis of physico-chemical characteristics of
soil. During the field surveys, soil hardness, moisture, and
temperature were also measured at the 10cm depth using soil
hardness tester (FS-6100), soil moisture meter, and
thermometer (WT-2000) for analysis of physical characteristics
of soil.

RESULTS AND DISCUSSION
Analysis of Survey Site Status
The topography and vegetation in the survey sites within the
forest fire damaged area are as shown in Table 2.

For the analysis of physico-chemical characteristics of soil, one
central point and four randomly selected points in east, west,
south, and north directions were selected from each survey site.
After removing fallen leaves and organic materials from the
surface layer, soil samples were collected from these points at
two different depths: within 10cm and at a depth of ~10 - 20cm.
To measure the mean value within the fixed survey site, five
samples collected within the site were mixed together and airdried indoors for use as the main sample representing the site.

Table 2. Status of topography and vegetation in study sites
Topography
Site

Control site

For the analysis of chemical characteristics of soil, soil pH was
measured by mixing 10g of air-dried soil and 50 mL of distilled
water at a ratio of 1:5 and measuring the mixture with a pHmeter. Available phosphorus (Available Phosphate) was
analyzed by the Lancaster method using a spectrophotometer
(Shimadzu UV- 120-02), while total carbon (TOC), and
nitrogen contents were measured using an automatic
component analyzer (NES 2500, Fisons Instruments S.P.A,
Italy). Cation exchange capacity (CEC) was measured using
Brown's method, and regarding exchangeable cation contents,
K+ and Na+ were measured using the Flame photometer
method, while Ca++ and Mg++ were analyzed using the EDTA
titration method. Meanwhile, electrical conductivity (EC) was
measured using a soil EC tester.

Reforestation
site
Natural
restoration site

Altitude

Vegetation

Aspect Slope

Site 1

120m

W

15-20°

Site 2

95m

SW

15-20°

Site 3

140m

W

20-25°

Site 4

180m

E

20-30°

Site 5

160m

E

20-30°

Category

Dominant
vegetation
Pinus densiflora
Quercus serrata

wild
forest
artificial
Pinus thunbergii
forest
artificial Pinus thunbergii
forest
Acer palmatum
wild
Lespedeza bicolor
forest
wild
Lespedeza bicolor
forest

With respect to topography, Site 1 (the control site) was located
at an altitude of 120m and facing west with a slope of ~15 - 20°.
Sites 2 and 3 (reforestation sites) were located at an altitude of
95m and 140m and facing southwest and west, respectively,
with both having a slope in the range of ~15-25°. Sites 4 and 5
(natural restoration sites) were located at an altitude of ~160 180m and facing east, with a slope in the range of ~ 20 - 30°.

Additionally, Gyeongju National Park resources monitoring
data from the same sites were surveyed were used for
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With respect to vegetation, the control and natural restoration
sites consisted of natural forest, while the reforestation sites
were comprised of artificial forest. The dominant vegetation
consisted of pines and Konara oak (Quercus serrata) in the
control site (Site 1), while black pine and maple trees (Acer
palmatum) had been planted in the reforestation sites (Site 2,
Site 3) and trees in the oak family and communities of shrubby
bushclover (Lespedeza bicolor Turcz.) had been introduced
after the forest fire. In the natural restoration sites (Site 4, Site
5), communities of shrubby bushclover and oak trees from a
natural transition process after the forest fire were found
throughout the area.

were no major differences between the sites damaged by the
forest fire and the control site. However, we believe that the soil
in sites damaged by the forest fire is still undergoing a recovery
process. Moreover, there were no major differences in soil pH
at the different soil depths, but the differences between the
control and fire damaged sites tended to be smaller at greater
depths. With respect to the analysis results in different years, at
a soil depth of 10cm, soil pH tended to increase in all survey
sites, except the control site, but the differences were not very
big (Figure 3(a)). Moreover, at a soil depth of ~10 - 20cm, pH
also remained similar between years (Figure 4(a)), which
indicates that, overall, the sites damaged by the forest fire
damaged are undergoing a gradual recovery process.

Analysis of the Physical Soil Environment
Table 4. Analysis results of soil chemical characteristics by
study sites

The physical characteristics of soil in the survey sites within the
forest fire damaged area are as shown in Table 3.

Control
site

Reforestation
site

Site 1

Site 2 Site 3

Site 4

Site 5

≤10
10-20

4.60
4.77

5.03
4.93

5.07
4.97

5.30
5.27

5.33
5.37

Chemical
characteristics

Soil depth
(cm)

pH

Table 3. Soil physical characteristics by study sites
Physical characteristics

Control site
Site 1

Soil color
Soil temperature
(℃)
Soil moisture
(%)
Soil hardness
(psi)
Size distribution
(%)

Brown

Site 2

Site 3

Red brown Red brown

Natural restoration site
Site 5

Av. P2O5

≤10

8.33

6.67

4.33

4.33

4.67

Brown

Brown

(㎎/㎏)

10-20

4.67

4.33

3.00

2.33

2.33

TOC (g/㎏)

≤10
10-20

51.50
22.07

41.03 27.7
22.00 16.97

47.77
25.30

38.90
19.57

T. N. (%)

≤10
10-20

0.19
0.09

0.16
0.10

0.11
0.08

0.17
0.10

0.14
0.09

CEC

≤10

8.51

8.40

8.03

11.51

11.59

10-20

5.54

7.99

6.97

10.19

9.50

Site 4

19.50

21.63

21.50

21.63

22.83

12.30

28.50

27.17

29.47

28.73

280

230

325

280

265

Sand

77.7

45.6

40.5

11.4

12.4

Silt

16.8

41.6

44.5

74.7

73.5

Clay
Soil texture

Reforestation site

5.4

12.8

15.0

Sandy loam

Loam

Loam

Natural restoration
site

13.9

(cmolc+/㎏)
K+

≤10
10-20

0.15
0.09

0.17
0.14

0.16
0.11

0.24
0.16

0.27
0.20

Na+

≤10

0.07

0.06

0.07

0.13

0.14

10-20

0.06

0.07

0.07

0.11

0.14

≤10

1.09

0.77

0.65

1.69

1.25

10-20

0.49

0.51

0.42

1.05

0.78

≤10

0.57

0.46

0.35

0.89

0.65

10-20

0.39

0.37

0.23

0.64

0.49

0.23
0.17

0.17
0.16

0.17
0.16

0.21
0.16

0.20
0.17

14.2

Silty loam Silty loam

Exchangeable
cation
2+
(cmolc+/kg) Ca

The control and natural restoration sites had brown-colored
soil, while the reforestation sites had ocher-colored soil. Soil
temperature was higher in the reforestation and natural
restoration sites than in the control site, and in particular,
temperatures were ~2 - 3℃ higher in the natural restoration
site than in the control site. We believe that this was due to
upper vegetation in the natural restoration sites being damaged
by the forest fire, which led to a greater amount of solar energy
being accumulated in the soil. Soil moisture was appreciably
higher in the reforestation and natural restoration sites than in
the control site. Meanwhile, soil hardness was not very
different between the survey sites.

Mg2+

EC
(ds/m)

≤10
10-20

Available phosphorus content appeared high in the control site
and Site 2 (artificially reforested site), and was relatively low
in the other three sites. Soil surveys at the different soil depths
indicate that available phosphorus content within 10cm was
about twice as high as at soil depth of ~10 - 20cm. This may be
attributed to phosphorus content generally decreasing with
deeper soil depths (Lee et al., 1997). Furthermore, the survey
results from the different years indicate that available
phosphorus content at soil depths within 10cm in 2016 was
mostly lower than in 2010 and 2012 (Figure 3(b)). On the other
hand, available phosphorus content at soil depths of ~10 - 20cm
did not show big differences (Figure 4(b)).

Analysis of the Chemical Soil Environment
The chemical characteristics of soil in the survey sites within
the forest fire damaged area are shown in Table 4. Regardless
of depth, soil pH was higher in the reforestation and natural
restoration sites than in the control site. The sites that were
damaged by forest fire had higher soil pH, and this is probably
due to increases in soil nutrients caused by the burning of
organic materials during the forest fire. However, overall, there
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(a) pH

(b) Av. P2O5 (㎎/㎏)

(c) TOC (g/㎏)

(d) T. N. (%)

(e) CEC (cmolc+/㎏)

(f) EC (ds/m)

Figure 3. Comparison of soil chemical characteristics within 10 cm depth on the time series and sites

TOC content was highest in the control site, while it was
slightly higher in the natural restoration sites than in the
artificial reforestation sites. In particular, Site 3 had a relatively
low TOC content. Moreover, soil surveys at the different depths
indicate that TOC content at depth within 10cm was about
twice as high as at a soil depth of ~10 - 20cm, similar to the
results shown for available phosphorus content. Meanwhile,
survey results from different years indicate that TOC content at
soil depths within 10cm was slightly lower in 2012 than in
2010, and subsequently, TOC content increased in all sites, as
shown by results from the 2016 survey (Figure 3(c)). We
believe that this is due to a temporary increase in the supply of
organic compounds from ash created by the forest fire (Kim
and Oh, 2001; Oh et al., 2001), which gradually decreased as
restoration and recovery of soil took place. Subsequently,
decay of leaves that had fallen from trees caused a significant
increase in TOC content. Meanwhile, TOC at a soil depth of
~10 - 20cm in 2016 was not very different to the TOC contents
in 2014 (Figure 4(c)).

Survey results from the different years indicate that at soil
depth within 10cm, total nitrogen content was mostly lower in
2016 than in 2010 and 2012 (Figure 3(d)). On the other hand,
at soil depths of ~10 - 20cm, there were no big differences
between the years (Figure 4(d)). In the forest fire damaged
sites, the actions of nitrogen-fixing bacteria in soil were
facilitated by the forest fire, which temporarily increased total
nitrogen content. However, after a certain amount of time had
passed, the nitrogen concentrations tended to be similar to the
concentrations before the forest fire. We believe that the soil in
the forest damaged survey sites in this study were becoming
more stable after a certain amount of time passed since the
forest fire.
Analysis of CEC by survey sites indicates that the control and
reforestation sites had similar values, but Sites 4 and 5 had high
CEC. Moreover, there were no big differences based on soil
depth, but CEC tended to be lower at deeper soil depths. Survey
results from the different years indicate that at soil depth within
10cm, CEC in 2016 tended to be lower than CEC in 2010 and
2012 (Figure 3(e)), while at soil depths of ~10 - 20cm, CEC
was similar in both 2014 and 2016 (Figure 4(e)).

Total nitrogen content at soil depths within 10cm was lower in
the forest fire damaged survey sites than in the control site. In
particular, Sites 3 and 5 had a very low total nitrogen content.
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(a) pH

(b) Av. P2O5 (㎎/㎏)

(c) TOC (g/㎏)

(d) T. N. (%)

(e) CEC (cmolc+/㎏)

(f) EC (ds/m)

Figure 4. Comparison of soil chemical characteristics at 10-20cm depth on the time series and sites
Regarding exchangeable cation content, K+ content was higher
in the forest fire damaged survey sites than in the control site,
and Sites 4 and 5 in particular had a K+ content that was
approximately twice as high as in controls. Na+ content was
similar in the control and reforestation sites, but the Na+ content
was approximately twice as high in the natural restoration sites.
Ca++ content was lower in the reforestation sites than in the
control site, and higher in the natural restoration sites than in
the control site. At soil depths of ~10 - 20cm, Ca++ content was
similar in the control and reforestation sites, and was slightly
higher in the natural restoration sites. Mg++ content followed a
pattern that was very similar to Ca++ content, with Site 3 having
the lowest content and Site 5 having the highest content.

With respect to physical characteristics of soil, soil temperature
was higher in the reforestation and natural restoration sites than
in the control site, while soil moisture was appreciably higher
in the reforestation and natural restoration sites than in the
control site.
With respect to chemical characteristics, soil pH was higher in
the reforestation and natural restoration sites than in the control
site regardless of the soil depth. Moreover, survey results from
the different years also indicated an increasing trend in all
survey sites, except the control site, which we believe indicates
that the soil pH is recovering after the forest fire. Available
phosphorus content was high in the control site and Site 2
(reforestation site), whereas all other survey sites had a
relatively low available phosphorus content. Survey results
from the different years indicate that, overall, available
phosphorus content was low. TOC content was highest in the
control site, and slightly high in the natural restoration and
reforestation sites. Total nitrogen content was lower in the sites
damaged by forest fire than in the control site, with Sites 3 and
5 having particularly low total nitrogen content.

Analysis of EC indicated that there were no big differences in
EC between the survey sites. Survey results from the different
years indicated that there were no significant differences at soil
depth within 10cm, but at soil depth of 10∼20cm, EC in 2016
was slightly lower than in 2014 (Figure 4(f)).

CONCLUSIONS

CEC was similar in the control and reforestation sites, but
significantly higher in the natural restoration sites. Survey
results from the different years indicate that CEC was a lower
in 2016, than in 2010 and 2012, but there were no significant
differences at soil depth of ~10 - 20cm. The reforestation sites

Results regarding the physico-chemical characteristics of soil
in parts of Gyeongju National Park Sogeumgang area damaged
by forest fire can be summarized as follows:
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had similar CEC as the control site, which is a part of the forest
fire damaged area, but the natural restoration sites actually had
higher CEC than the control site. Exchangeable cation content
in the reforestation sites were not significantly different from
the control site, while exchangeable cation content in the
natural restoration sites was higher than in the control site.
In summary, soil from forest fire damaged areas in Gyeongju
National Park did not have significant differences in most
chemical characteristics, when compared to soil from areas not
affected by forest fires, which indicates that the soil had
gradually reached a recovery stage after the forest fire. Survey
results from the different years indicate that in the upper soil
layer (depth within 10cm), most measured soil chemicals were
similar in 2016 as in 2010 and 2012, although some were
slightly lower. Based on such findings, we believe that the
chemical recovery of soil had reached a stable state.
Areas damaged by the forest fire suffer significant direct
damage from the forest fire, but are also susceptible to
secondary damage due to slow restoration of damaged
vegetation, as well as presenting concerns about further damage
to forestation due to soil runoff and erosion. Therefore, longterm monitoring of forest fire damaged areas is needed, so that
basic data related to soil stabilization and recovery processes
are continuously collected. This allows for comparison of
recovery rates in reforestation and natural restoration sites, and
changes in soil environment from restoration of vegetation.
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