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POSTFIRE CHANGES IN SOIL PROPERTIES OF Pinus brutia TEN.
FORESTS IN MARMARİS NATIONAL PARK, TURKEY1
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Abstract
This study was conducted to determine long-term postfire changes in physical and
chemical properties of soils of Pinus brutia Ten. forests in Marmaris National Park, Turkey. The
synchronic method was used: three sites burned in different years (2, 6 and 22 years ago) and a
control site which had not burned at least 45 years were selected to form a successional gradient.
Chemical (organic material %, nitrogen %, exchangeable cation content, electrical conductivity,
pH) and physical (soil texture structure) analyses of soil samples collected from different soil
layers (0-10 cm, 10-20 cm, 20-30 cm) were performed. It was detected that postfire soil chemical
properties change after fire, but return its prefire levels in a short period of time and this result fits
the general idea on postfire soil properties in Mediterranean environments. There was not any
important change in soil texture after fire. Soil pH was very low in 22-year-old site because of the
soil erosion occured immediately after fire. Since postfire changes in soil properties may facilitate
or restrict plant regeneration, it is important to have an information on postfire soil properties of
the burned area to decide a postfire management strategy.
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Introduction
Prolonged summer-droughts (1), nutrient-deficient soils (2, 3) and wildfires (4, 5) are
the most important evolutionary selective forces in Mediterranean-type ecosystems.
Mediterranean vegetation has been shaped by all of these traits which are evaluated as natural
parts of these ecosystems (5).
In general, postfire regeneration of Mediterranean-type communities is rapid (6-12).
But, changes in soil chemical and physical properties induced by fire may affect this regeneration
of the plant species (3, 13). The most common problem of the soils of postfire Mediterranean
environments is soil erosion (14). With removing of the plant cover after fire (14-17) and
increasing water repellency by fire (18), the burned areas become open to soil erosion by rains
and by winds (14, 19, 20). Studying soil properties of the burned areas in such ecosystems is an
important issue, because the results of ecosystem and landscape ecology studies have a leading
potential to determine the postfire management strategies (21).
The effect of fire on soil properties has been well documented in several habitat and
community types (15). But, postfire soil properties have not been studied widely in burned Pinus
brutia Ten. stands. Although there are a few studies that describe the effect of fire on soil
characteristics (22, 23), the change of soil properties during a postfire succession has not been
studied in these stands. The aim of the present study was to determine long-term postfire changes
in physical and chemical properties of soils of Pinus brutia Ten. forests in Marmaris National
Park, Turkey.

Methods
Study Area
The study area was Marmaris National Park, which is located in Muğla province in the
southwestern of Turkey (Figure 1). The climate was typically Mediterranean, with dry summers
and wet winters. The study area has been subjected to frequent fires; therefore the National Park
is an ideal area for postfire ecological studies.

Figure 1. Location of Marmaris National Park in Turkey.

It was used the synchronic method: three burned sites (in different years; 1999, 1995 and 1979)
and a control site (had not burned at least 45 years) were selected to form a successional gradient.
So, it was possible to follow changes in soil parameters during a whole successional process. The
study sites were on the same geological material (ophiolithic rocks) and were located very close
to each other (Table 1).
Table 1. Location and some other features of the study sites.
Site
1999 site

Location
N 36°50’11’’
E 28°18’10’’
1995 site
N 36°51’16’’
E 28°17’14’’
1979 site
N 36°49’37’’
E 28°19’34’’
Control site N 36°50’47’’
E 28°17’24’’

Aspect
W-NW

Last burned
June 1999

Burned area
109 ha

SE-E

June 1995

205 ha

NW-N

September 1979

13600 ha

NW-N

~45 years ago

?

Collecting and Analysis of Soil Samples
Two replicates of soil samples were collected from three soil layers (0-10 cm, 10-20 cm
and 20-30 cm). Chemical and physical analyses of the these samples were carried out in Central
Anatolian Forestry Research Institute (Ministry of Forestry) laboratories by using the techniques
defined in Anonymous (1984) and Tüzüner (1990). At the end of these analyses, organic material
(%), nitrogen (%) and exchangeable cation content, electrical conductivity and soil reaction (pH)
values and texture structure of the soil samples were determined. The texture triangle based on
sand %, silt % and clay % values was used to determine soil type (26, 27).
Since the soil samples were collected in October 2001, the results are based on 2nd, 6th
and 22nd postfire years, respectively for 1999, 1995 and 1979 study sites.

Results
Soil organic matter %, nitrogen (N) %, conductivity values and exchangeable cation
content values were higher in 1999 site and in Control site than other study sites (1995 and 1979
sites). Organic matter %, N % and conductivity values decrease with increasing soil depth in all
of the study sites (Table 2).
The highest pH value was in near-surface (0-10 cm) soil layer of the 1999 site and
contrary to other sites, pH values decreased with soil depth in this site. The lowest pH values were
in 1979 site (Table 2).

Table 2. Soil chemical properties of the study sites according to soil depth (mean±SE).

1999 site
0-10 cm
10-20 cm
20-30 cm
1995 site
0-10 cm
10-20 cm
20-30 cm
1979 site
0-10 cm
10-20 cm
20-30 cm
Control site
0-10 cm
10-20 cm
20-30 cm

Organic
matter (%)

Total N
(%)

8.33±0.85
4.12±0.65
1.87±0.58

0.42±0.04
0.21±0.03
0.09±0.03

6.98±0.04
6.70±0.05
6.61±0.10

0.20±0.01
0.10±0.02
0.08±0.00

6292±484
3872±0.00
3388±484

1375±430
1714±139
2143±569

59.8±18.4
55.2±23.0
23.0±0.00

253.5±11.7
202.8±7.80
187.2±23.4

3.30±0.30
2.04±0.14
1.84±0.54

0.16±0.02
0.10±0.01
0.09±0.03

6.47±0.03
6.58±0.02
6.60±0.11

0.09±0.00
0.08±0.02
0.06±0.01

3388±0.00
3146±242
2662±726

1169±418
1871±272
2857±1271

48.3±25.3
32.2±9.20
23.0±0.00

144.3±3.90
144.3±19.5
148.2±23.4

6.17±3.16
4.08±1.90
3.16±0.85

0.31±0.16
0.20±0.10
0.16±0.04

6.12±0.05
6.28±0.05
6.38±0.08

0.11±0.00
0.08±0.01
0.07±0.00

3388±484
3388±0.00
2904±0.00

1029±12.0
1169±139
902.4±139

32.2±4.60
32.2±4.60
32.2±4.60

171.6±39.0
167.7±27.3
144.3±11.7

11.4±5.98
4.01±1.43
3.04±0.83

0.57±0.30
0.20±0.07
0.15±0.04

6.49±0.03
6.72±0.06
6.68±0.05

0.38±0.22
0.16±0.03
0.10±0.00

6292±2420
4840±968
4114±1210

1792±60.0
2525±998
2543±388

39.1±11.5
57.5±34.5
36.8±13.8

163.8±31.2
171.6±46.8
171.6±46.8

* EC; electrical conductivity.

pH

EC* (mS)

Ca2+

Exchangeable cations (ppm)
Mg2+
Na+

K+

It was detected that sand, silt and clay percentages of the soil samples from all of the
study sites were not different. Consequently, there was no difference in soil texture properties and
in soil types of the study sites except 1995 site according to texture triangle results (Table 3).
Table 3. Soil texture properties of the study sites according to soil depth (mean±SE).
Sand (%)
1999 site
0-10 cm
10-20 cm
20-30 cm
1995 site
0-10 cm
10-20 cm
20-30 cm
1979 site
0-10 cm
10-20 cm
20-30 cm
Control site
0-10 cm
10-20 cm
20-30 cm

Silt (%)

Clay (%)

Soil type

46.0±1.5
43.0±3.5
41.0±5.5

27.5±2.5
23.5±2.5
23.5±2.5

26.5±4.0
33.5±6.0
35.6±8.0

Loam
Clay Loam
Clay Loam

50.2±0.25
44.2±3.8
41.0±3.5

24.4±0.85
21.0±0.35
17.6±0.35

25.3±0.50
34.8±4.0
41.4±3.2

Sandy Clay Loam
Clay Loam
Clay

41.0±1.0
36.0±0.0
41.0±1.0

33.3±0.0
29.3±1.0
27.3±0.0

25.8±1.0
34.8±1.0
31.8±1.0

Loam
Clay Loam
Clay Loam

47.0±5.0
41.5±6.5
40.0±6.0

30.3±1.0
26.8±1.5
26.8±1.5

22.8±4.0
31.8±5.0
33.3±4.5

Loam
Clay Loam
Clay Loam

Discussion
Postfire changes in soil properties may be a factor that facilitate postfire plant
regeneration. For example, the first germinations and vegetative growth are induced by increased
soil temperatures (a result of the increase in absorbance of sunlight) (23), and by increased
available nutrition for plants with emergence of the ash layer (15, 28-30). Therefore, if someone
will decide to a postfire management strategy, it is important to have an information about
postfire soil properties of the burned area.
Our results on postfire changes in soil properties of Pinus brutia forests support the
general idea of that postfire soil chemical properties change after fire, but return its prefire levels
in a short period of time (22, 23). Such a discuss may also be generalized to all of the
Mediterranean environments beyond Pinus brutia stands, since the soils under other vegetation
types has same postfire regeneration properties (13, 31).
It is known that percentage of organic matter in the soil increase in burned areas and
soil conductivity has high values because of the bases found in the ash (22, 31). These parameters
which are changed immediately after fire can return to their prefire values in three years in Pinus
brutia ecosystems (22, 23) and in one year in a Quercus coccifera garrigue (31). Leaching and
eroding of exchangeable cations (Ca2+, Mg2+, Na+, K+) from the upper soil layers, and increased

decomposing of organic matter by increased microorganism activity after fire may be main
reasons of this rapid recovery (22, 32, 33).
Exchangeable cations stored in plant tissues and in debris are returned to soil by fire and
consequently, soil fertility increase in the first postfire years (22, 23, 30, 34). Exchangeable
cations found in ash also increase soil pH immediately after fire, therefore the soil become more
basic (22, 23, 31, 32, 35). It was pointed out that with postfire time exceeds, these high soil pH
values decrease and return to their prefire values in three years (23). This is due to leaching and
eroding of cations which increase immediately after fire (22). Moreover, formation of some
organic (acetic acid, humic acid) and some inorganic (HNO3, H2SO4, H3PO4) acids during
decomposing of organic matter is another factor that decrease pH (27, 31). So, it is usual that high
pH values returns their lower prefire values in a short period of time by increased microorganism
activity and increased organic matter decomposition.
Even two years after fire, it was found in the present study that electrical conductivity,
percentage of total N, percentage of organic matter, pH and amounts of exchangeable cations
were higher, and this results fit other studies mentioned above on postfire changes of soil
chemical properties in Pinus brutia ecosystems (22, 23). All of these parameters except pH values
in 1979 site firstly decreased with time by probably the effect of erosion and leaching of
exchangeable cations, and then began to increase with increasing vegetation cover and slowing
erosion rate.
According to the results, pH values in 1979 site were very lower than the control and
1995 sites which have normal soil pH values (Table 2). It is known that most of the area burned in
1979 fire in Marmaris subjected to soil erosion since any forestry practice could not apply (22).
This may be mainly due to the vastness of the burned area (Table 1). Additionally, Tavşanoğlu
(2002) showed that after the 1979 fire in September, very high amounts of rainfall was fallen
during two months according to Meteorological data.
Vegetation cover (14, 37) and dead material (38) may be important factors in preserving
soils from erosion. With falling of the heavy rains immediately after fire in the 1979 site which
have not such a protecting cover on the ground, exchangeable cations might be removed from
soil. It is known that the greatest losses of soil take place in the 4 months after fire (34). As
mentioned above, a reason of decreasing in soil pH is removal of exchangeable cations from soil
by rains (22, 27). This may be explain the presence of a more acidic soil in 1979 site.
Although soil pH can return to its prefire level in three years after fire in Pinus brutia
ecosystems (23), if such a mechanism did not operate as not in 1979 site, there would be dramatic

results on regeneration of plant species, especially of seeders. Thus, the poor establishment of P.
brutia in 1979 site may be mainly due to the lower soil pH levels (36).
Although there was a change in soil chemical properties after fire, soil texture was not
changed considerably by the effect of fire. Since physical changes in soil texture after fire are
negligible except where soil heating is extreme (3), fire may not responsible from the little
difference in soil texture of 1995 site and this difference may be due to site heterogeneity. It was
pointed out that potassium found much more in soils with a thinner texture (27). So the main
reason of that amount of potassium ion (K+) was lower in the near-surface soil layers (0-20 cm) in
1995 site may be presence of a rougher soil texture in this site.
It is known that percentage of organic matter and percentage of total N decrease but pH
values increase with going deep inside the soil (22, 23). Our results support such a change in the
soil. But we detected that only pH values decrease with increasing soil depth (Table 2). This was
due to the effect of the ash layer which is abundantly found in the near-surface soil layers.
As discuss, even if there was a change in soil chemical properties after fire, these
properties may return their prefire levels in a short period of time and this event point out a rapid
regeneration of soil properties. Because of higher soil fertility would produce higher survival and
growth after fire (30), the first postfire years in which soil fertility is relatively high are important
for regenerating plant species in nutrient-poor Mediterranean soils.
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