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The aim of this study was to determine the long-term post-fire changes to the physical and
Received
October 23, 2009

chemical properties of the soil in Pinus brutia Ten. forests found on ophiolitic rocks in the
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Marmaris region, southwestern Turkey. Six sites that had burned at different times (3, 6, 8,
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years) were selected. Three plots 1 ha in size were randomly selected within each site, and

9, 16, 26 years ago) and two sites that had not burned for a long time (at least 50 and 100

three soil samples were collected from randomly selected points within each plot. Soil
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texture, pH, CaCO3 content, organic matter content, electrical conductivity, and
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exchangeable cation concentrations of the soil samples were determined. Soil texture did
not vary among the study sites, and percentages of sand, silt, and clay did not differ
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Site heterogeneity,
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significantly among the study sites. Organic matter content was significantly higher at
unburned sites, but was similar at all the burned sites. There was no significant difference
between the three-year-old site and the other sites in terms of exchangeable cation
concentrations, electrical conductivity, pH, or amount of CaCO3. Although there were some
slight trends with time since the fire for some of the variables evaluated, soil properties did
not change drastically with time, or at least changed without a trend among the study sites.
This was attributed both to the importance of studying early post-fire years to detect a
change in soil properties, and of site heterogeneity.

INTRODUCTION

Anatolia. Although these forests have suffered
frequent fires, the recovery of vegetation occurs

Pinus brutia Ten. (Turkish red pine), an important

rapidly [1], and several management tools can be

tree for wood production in Turkey, constitutes vast

used for the regeneration of P. brutia, including

forest areas throughout western and southern

prescribed fires [2].
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However, the increase in the frequency of fires in the
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soil loss and some regeneration problems in firesensitive pine woodlands [3,4]. Therefore, post-fire
recruitment of Mediterranean pine species, such as
71

P. brutia, may depend on the chemical conditions of

Six sites that had burned at different times (3, 6, 8,

the soil. Moreover, changes in the chemical and

9, 16, 26 years ago) and two sites that had not

physical properties of the soil after fire may affect

burned for a long time (at least 50 and 100 years)

even the recovery of fire-tolerant resprouter species

were selected. All sites were located on ophiolitic

[5]. Therefore, it is important to study the soil

rocks which produce serpentine soils [14], and

properties of burned sites in fire-prone areas before

previous dominant cover of the selected burned

management decisions are made [6,7].

sites was obtained by P. brutia forests. Three plots
1 ha in size were randomly selected within each site,

There is still shortage of information regarding post-

and soil samples were taken from the upper 15 cm

fire changes of soil properties in woodlands

of the soil at three randomly selected points within

dominated by Pinus brutia [but see; 8-11] and other

each plot.

pine species [12,13] in Mediterranean Basin.
Moreover, the studies mostly interested in short-

Soil texture, pH, CaCO3 content (%), organic matter

term changes in soil properties after fire, and

content (%), electrical conductivity (EC) (µS/cm),

long-term changes were rarely focused on [13].

and exchangeable cation (Ca2+, Mg2+, Na+, K+)
concentrations (ppm) of the soil samples were

The aim of the present study is to answer the

determined by following the methods described in

question of how physiochemical properties of the

the soil analysis reference books published by the

soil in P. brutia forests change after fire in long-term.

Turkish Forestry and Agricultural Departments

To achieve this aim, soil properties of burned and

[15,16]. Data were analyzed by one-way analysis of

unburned P. brutia stands found on ophiolitic rocks

variance (ANOVA) with time since fire as the main

and serpentine soils were investigated by using the

factor. Post-hoc comparisons were done using

synchronic approach (sampling stands with different

Tukey’s HSD test [17]. Data were tested for

ages at the same time).

homoscedasticity and normality before conducting
ANOVAs, and, when needed, data transformations
were used to obtain the prerequisites of parametric
tests [17]. In the case of CaCO3 content, since the

MATERIALS AND METHODS

data did not fit the normal probability distribution
The study was conducted within an approximately
2

even after several transformations had been

area in the Marmaris region, in

applied, a Kruskal-Wallis test [17] was performed to

southwestern Turkey (36° 54’ N, 28° 12’ E) in the

detect the difference in CaCO3 percentages among

summer of 2005. The study area has a sub-humid

the study sites.

250 km

Mediterranean climate with dry summers. According
to

data

obtained

from

the

Turkish

State

Meteorological Service (Marmaris Meteorological

RESULTS AND DISCUSSION

Station at 19 m a.s.l.), the mean annual amount of
rainfall is 1212 mm and the annual mean

The soils contained very little CaCO3 (less than 1%),

temperature is 18.7°C. Pinus brutia forests

all were slightly acidic, with pH varying between 6.0

constitute the dominant vegetation cover throughout

and 6.7, and were dominantly loams. Soil texture did

the study area. The area has suffered many fires

not vary among the study sites, and percentages of

over the last 30 years, resulting in a mosaic of post-

sand, silt, and clay (39 - 52%, 34 - 45%, and 9 - 20%

fire successional stages around the region.

respectively) did not significantly differ among the
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Figure 1. Soil texture properties of study sites representing different times since fire. Values are mean percentages.

study sites except for silt percentage between 3-

in comparison to calcareous Mediterranean forest

and 6-years-old sites (Figure 1).

soils [20,21] are possibly the result of the presence
of ophiolitic rocks producing serpentine soils around

Organic matter content was higher at the long-

the region.

unburned sites, but was similar among all the
burned sites. Mg2+ and K+ concentrations were not

Although it was expected a change in the chemical

significantly different among study sites. Although

properties of the soil with time since fire, there were

there were some significant differences among the

not any important change. It is known that post-fire

study sites in Ca and Na concentrations, CaCO3

recovery of the chemical properties of soils in P.

amounts, and pH, these variables did not show any

brutia forests generally occurs within the first three

trend with time since the fire (Figure 2). Only EC

post-fire years [8, 9,11]. Organic matter content, pH

followed a more-or-less regular increasing trend

value, and concentrations of exchangeable cations

over time.

increases at the first year after fire, but then return

2+

+

their initial (unburned) levels three years after fire
Although some slight trends with time since fire were

[8,9]. Similar conclusions had also been reached by

observed for some of the variables evaluated,

the studies conducted on a Pinus canariensis

actually soil properties did not change drastically

woodland (five years after fire, [13]) and on a

with time, or at least changed without a trend among

Quercus coccifera shrubland (one year after fire,

the study sites. Our results regarding soil texture

[22]). Consequently, chemical properties of the soils

were expected since changes in soil texture after fire

of the 3-year-old site in the present study seem to be

are negligible except for where soil heating is

recovered already when the sampling was

extreme [18,19]. Much lower CaCO3 levels of soils

performed.
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Figure 2. Soil chemical properties of study sites representing different times since fire. Values are means, and the error
bars are ± S.E. of the mean. Different letters on the bars indicate significant differences among the study sites at P
= 0.05 level.

In a similar study conducted within a limited area of

area to the landscape scale. As a result, increasing

burned P. brutia stands in Marmaris region [10]

of site heterogeneity may explain the difference of

showed such a relationship between soil chemical

the main results between the present study and

properties and time since fire. In comparison to that

those of previous one conducted in the same region

study, however, the present study gives a more

[10]. Indeed, in general terms, changes in soil

comprehensive approach by extending the studied

properties depend on the land-use history of the
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burned sites [23], the severity and frequency of fires,

REFERENCES

and post-fire climatic conditions [24]. Moreover, soil

1.

Tavşanoğlu, Ç., Gürkan, B., Post-fire regeneration of a

temperatures during a fire affect the composition

Pinus brutia (Pinaceae) forest in Marmaris National Park,

and spatial pattern of soil properties in different ways

Turkey. Int. J. Bot., 5, 107, 2009.

[19,25]. Therefore, the spatial pattern of fire severity

2.

Boydak, M., Silvicultural characteristics and natural
regeneration of Pinus brutia Ten. – a review. Plant Ecol.,

is responsible for the site heterogeneity in post-fire

171, 153, 2004.

environments [26].
3.

Eugenio, M., Verkaik, I., Lloret, F., Espelta, J.M.
Recruitment and growth decline in Pinus halepensis
populations after recurrent wildfires in Catalonia (NE Iberian

CONCLUSIONS

Peninsula). Forest Ecol. Manage., 231, 47, 2006.
4.

Pausas, J.G., Llovet, J., Rodrigo, Vallejo, R. Are wildfires a

In conclusion, we failed to found any significant

disaster in the Mediterranean basin? – a review. Int. J.

trend of change in soil chemical properties through

Wildland Fire, 17, 713, 2008.

a chronosequence of time since fire in P. brutia

5.

Ferran, A., Delitti, W., Vallejo, R. Effects of fire recurrence

forests of Marmaris region. It is apparent that

in Quercus coccifera L. shrublands of the Valencia Region

studying early post-fire years (in the case of P. brutia

(Spain): II. plant and soil nutrients. Plant Ecol., 177, 71,

forests the first three years after fire) is crucial to

2005.

detect such changes in soil chemical properties.

6.

Thomas, A.D., Walsh, R.P.D., Shakesby, R.A. Post-fire
forestry management and nutrient losses in eucalyptus and

Moreover, site heterogeneity appears to be an

pine plantations, northern Portugal. Land Degrad. Develop.,

important factor possibly responsible for the

11, 257, 2000.

variability observed in some soil properties among
the study sites. More studies are still needed to

7.

Providoli, I., Elsenbeer, H., Conedera, M. Post-fire
management and splash erosion in a chestnut coppice in

understand how landscape heterogeneity affects the

southern Switzerland. Forest Ecol. Manage., 162, 219,

patterns of recovery of soil chemical properties in

2002.

Mediterranean Basin.

8.

Eron, Z., Gürbüzer, E., Marmaris 1979 yılı orman yangını ile
toprak özelliklerinin değişimi ve kızılçam gençliğinin gelişimi
arasındaki ilişkiler. Ormancılık Araştırma Enstitüsü, Teknik
Bülten No: 195, Ankara, 1988.

ACKNOWLEDGEMENTS
9.

We thank Okan Ürker for his assistance during the
collection of soil samples. The analyses of the soil
samples were conducted at the laboratories of
Central Anatolia Forestry Research Institute,
Ankara. The study was funded by Hacettepe
University Scientific Researches Unit (project no:

Neyişçi, T., Kızılçam orman ekosistemlerinde denetimli
yakmanın toprak kimyasal özellikleri ve fidan gelişimi
üzerine etkileri. Ormancılık Araştırma Enstitüsü, Teknik
Bülten No: 205, Ankara, 1989.

10. Tavşanoğlu, Ç., Gürkan, B., Postfire changes in soil
properties of Pinus brutia Ten. forests in Marmaris National
Park, Turkey. H. J. Biol. Chem., 31, 95, 2002.
11. Boydak, M., Dirik, H. Çalıkoğlu, M. Biology and Silviculture

02.02.601.004), and was part of the requirements

of Turkish Red Pine (Pinus brutia Ten.). OGEM-VAK,

for the Ph.D. degree submitted to Hacettepe

Ankara, 2006.

University on 25.01.2008.

12. Eugenio, M., Lloret, F., Alcañiz, J.M., Regional patterns of
fire recurrence effects on calcareous soils of Mediterranean
Pinus halepensis communities. Forest Ecol. Manage., 221,
313, 2006.

75

13. Durán, J., Rodríguez, A., Fernández-Palacios, J.M.,

20. Alifragis, D., Smiris, P., Maris, F. Kavvadias, V.,

Gallardo, A., Changes in soil N and P availability in a Pinus

Konstantinidou, E., Stamou, N., The effect of stand age on

canariensis fire chronosequence. Forest Ecol. Manage.,

the accumulation of nutrients in the aboveground

256, 384, 2008.

components of an Aleppo pine ecosystem. Forest Ecol.

14. Lewis, J.F., Draper, G., Proenza, J.A., Espaillat, J.,
Jiménez,

J.,

Ophiolite-related

ultramafic

Manage., 141, 259, 2001.

rocks

21. Arcenegui, V., Mataix-Solera, J., Guerrero, C., Zornoza, R.,

(serpentinites) in the Caribbean region: a review of their

Mayoral, A.M., Morales, J., Factors controlling the water

occurrence, composition, origin, emplacement and Ni-

repellency induced by fire in calcareous Mediterranean

laterite soil formation. Geol. Acta, 4, 237, 2006.

forest soils. Eur. J. Soil Sci., 58, 1254, 2007.

15. Anonymous, Orman Toprak Laboratuvarlarının Kuruluş

22. Trabaud, L., The effects of different fire regimes on soil

Esasları ve Laboratuvar Teknikleri. T.C. Orman Bakanlığı,

nutrient levels in Quercus coccifera garrigue. In: Kruger,

Eskişehir Orman Toprak Müdürlüğü, 1984.

F.J., Mitchell, D.T., Jarvis, J.U.M. (eds). Mediterranean-type

16. Tüzüner, A., Toprak ve Su Analiz Laboratuvarları El Kitabı.
Tarım Orman ve Köyişleri Bakanlığı, Köy Hizmetleri Genel
Müdürlüğü, Ankara, 1990.
17. Zar, J.H., Biostatistical Analysis. 3rd Edn., Prentice-Hall,
USA, 1996.

ecosystems: role of nutrients. Springer, Berlin Heidelberg
New York, pp. 233-243, 1983.
23. Pardini, G., Gispert, M., Dunjo, G., Relative influence of
wildfire on soil properties and erosion processes in different
Mediterranean environments in NE Spain. Sci. Total
Environ., 328, 237,2004.

18. Christensen, N.L., The effects of fire on physical and
chemical properties of soils in Mediterranean-climate
shrublands. In: Moreno, J.M., Oechel W.C. (eds) The Role
of Fire in Mediterranean-Type Ecosystems. SpringerVerlag, New York. pp. 79-95, 1994.
19. Terefe, T., Mariscal-Sancho, I., Peregrina, F., Espejo, R.,

24. Certini, G., Effects of fire on properties of forest soils: a
review. Oecologia, 143, 1, 2005.
25. Gimeno-García, E., Andreu, V., Rubio, J.L., Spatial patterns
of soil temperatures during experimental fires. Geoderma,
118, 17, 2004.

Influence of heating on various properties of six

26. Pausas, J.G., Ouadah, N., Ferran, A., Gimeno, T., Vallejo,

Mediterranean soils. a laboratory study. Geoderma, 143,

R. Fire severity and seedling establishment in Pinus

273, 2008.

halepensis woodlands, eastern Iberian Peninsula. Plant
Ecol., 169, 205, 2003.

76

