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Abstract 

Fire-affected soils have recently received more attention in soil science because some of the atmospheric CO2 

emissions have directly been driven from soils during fires and climate change has increased fire frequency 

in many ecosystems of Earth. However, low-intensity surface fires and their effects on soil properties have 

been relatively less studied in comparison to moderate to high-intensity crown fires. In this study, the effect 

of a surface fire on the chemical and biological properties of soil with a thick organic layer was investigated 

in a mixed forest stand dominated by Castanea sativa, Fagus orientalis and Pinus nigra ssp. pallasiana in 

Bursa Province, Turkey. Soil samples were taken from burned and unburned (control) sites in three periods: 

December 2011, July 2012, and November 2013. Samples were analyzed to determine some chemical and 

biological properties in the soil. We tested the effect of fire and period on each variable by two-way ANOVA 

analysis. The results indicated that Nt and OM were not affected by fire, while C / N ratio decreased. The 

difference between the periods was significant as regards OM and acid phosphatase enzyme activity. Fire 

resulted in a significant increase in soil pH, Ca, Mg and no significant change in P2O5. Although we found 

that surface fires limited the effect on soil properties, we concluded that there might be positive interactions 

between increased available nutrients in the soil and the burning of soil with relatively low severity. 

Prescribed fire can be proposed as a management tool to mitigate fire risks and short-time enrichment of 

available soil nutrients in these ecosystems. 

Key words: C / N ratio, enzyme activities, forest, soil nutrients, and surface fire. 

Inroduction 

Soil holds vast reserves of carbon, which is two times more than the one held by the atmosphere, 

and provides food and fresh water security besides hosting biodiversity; therefore, it deserves much 

greater attention as the biggest environmental matter from the perspective of both climate change 

and human health (Mol and Keesstra 2012, Keesstra et al. 2016.) The effects of fire on soil are 

substantially caused by changes in nutrient amounts and cycles (Giardina et al. 2000, Knoepp et al. 

2004). Temperate forest soils usually have low nutrient availability while the most limiting nutrient 

is Nitrogen (N) (Knoepp et al. 2004).  Maintenance of plant growth depends on the internal cycling 

of nutrients in native forests (Perala and Alban 1982, Cole 1995). Due to the consumption and/or 
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alteration of forest floor and woody fuels through prescribed burning or wildfire, both the quantity 

of nutrient-containing materials and the patterns of nutrient release change, and this process may 

indirectly affect soil nutrients (Knoepp et al. 2004). The release of available nutrients through the 

combustion of organic matter may be a significant natural source of plant growth (Kara and Bolat 

2009). In fact, the decomposition rates on forest-floor may increase after burning, releasing NH4
+ 

and other nutrients (Schoch and Binkley 1986, Khanna et al. 1994, Raison et al. 1990, Boydak et 

al. 1996). Decreasing decomposition rates due to the limited available organic matter after fire may 

eliminate this response in time (Raison et al. 1990). Since burning alters the nutrient status of soil; 

some other components of burning such as ash and debris nutrient content and quantity, nutrient 

loss with ash, amount of non-plant available nutrients’ conversion into mineral forms due to 

thermal transformation, microbial biomass and activity (Giardina et al. 2000) (i.e. microbial 

enzyme activity, C and N mineralization rates) depend on nutrient status and they also deteriorate 

because of fire. 

Many studies have been conducted on the effects of wildfire or prescribed fire on the physical and 

chemical (Eron 1977, Eron and Gürbüzer 1988, Neyişçi 1989, Neyişçi et al. 2002, Kantarcı et al. 

1986, Kutiel and Shaviv 1992, Boydak et al. 1996, Esquilin et al. 2008, Gürlevik et al. 2009, 

Tavşanoğlu and Gürkan 2010, Yıldız et al. 2010) and biological (Akburak et al. 2017, Acea and 

Carballas 1996, Hernandez 1997, Villar et al. 2004, Kara and Bolat 2009) properties of soil in 

coniferous forests of Mediterranean and temperate zones, where crown fire regimes are dominant. 

Many ecosystems that are not exposed to frequent crown fires such as tropical and temperate 

broadleaved rainforests were also studied to explore the effects of fire on soil properties (Turgay et 

al. 2002, Barreiro et al. 2015). However, relatively less attention has been given to post-fire 

changes in soil’s physical, chemical and microbial properties in mixed temperate forests where 

surface fire regimes prevail (see Knoepp et al. 2004, Swallow 2009). There is a lack of information 

especially about the changes in enzyme activity as an early and sensitive indicator (Taşkın anda 

Kızılkaya, 2006) and its relation with nutrient mineralization in the soil after burning of the forest 

floor following surface fires.  

Temperate deciduous forests are among the most threatened ecosystems on Earth. Fire is one of the 

major disturbances affecting forests of temperate zone (Frelich 2002), whereas high-intensity 

crown fire is rare in these ecosystems (Matlack 2013). Therefore, fire return intervals are more than 

800 years for crown fires, while decreasing as short as 21 years for surface fires (Brown et al. 

1999). 

The aim of this study was to assess the effects of surface fire on the chemical and biological 

properties of soil in a mixed temperate forest. Due to the low-intensity of surface fires in temperate 

forest ecosystems (Matlack 2013), we hypothesized that fire had a little effect on soil properties in 

these forests and, if any, post-fire regeneration would occur in a very short time. To test these 

hypotheses, we collected and analyzed soil samples for two years after fire in a burned mixed 

deciduous-coniferous forest in the northwest of Turkey, and we determined the changes in the 

chemical and biological properties of the soils. 

1. Materials and methods 

2.1.   Study area 

The study was conducted in a mixed broadleaved-coniferous forest in Uludağ, Bursa, northwest 

Turkey (40°09'27'' N, 29°10'01'' E, 630-870 m).  
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Figure 1. The location of the study area. 

The dominant trees of the forests in the study area were Castanea sativa (sweet chestnut), Fagus 

orientalis (oriental beech) and Pinus nigra ssp. pallasiana (Anatolian black pine). About 78 ha 

forest area was burnt by a low-severity surface fire in December 2011. The study area is located on 

non-calcareous volcanic substrates and the soil texture consists of 70% sand, 12% silt, and 18% 

clay. The climate is sub-Mediterranean with 3-months dry period. 

2.2. Soil sampling 

The field studies were conducted in the burned and unburned sites of the study area to collect soil 

samples. The first sampling was conducted just one week after the fire (in December 2011) to 

assess the immediate effect of fire on soil properties. The second and the third samplings were 

performed seven months (in July 2012) and two years (November 2013) following the fire, 

respectively. 

In each field study period, a total of 54 soil samples were taken from the surface distributed evenly 

to three replicate plots of 1 ha in size during the abovementioned periods. Sampling depth was 

determined as 0-15 cm and 15-30 cm considering the change in the soil surface roughness and the 

thickness of the organic layer. Three soil sampling points were determined randomly through a 

transect line in each plot. A group of soil samples were sieved (2 mm mesh) and stored at 4° C for 

soil biological analysis. 

2.3.  Soil analysis 

Soil pH was determined in a 1 : 5 (v / v) soil/water solution (TS ISO 10390 2013). Soil electrical 

conductivity (EC) was determined in a 1 : 5 (m / v) soil/water solution (TS ISO 11265 1996). Total 

organic carbon (Corg) content was measured by Walkley-Black (TS 8336 1990) and, organic 

matter by multiplying Corg with 1.72. Total carbonate (CaCO3) was determined by volumetric 
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method (TS 8335 ISO 10693 1996). Available phosphorus (P2O5) was determined according to the 

method of Bray-Kurtz (TS 8338 1990), and available K was determined by flamephotometer in 

NH4OAc extract according to the method described by Turkish Standard TS 8341 (1990). Ca and 

Mg were also extracted with NH4OAc and determined by atomic absorption spectrometer (Kacar 

2009). Total N (Nt) content was determined by Kjeldahl digestion with the Kjeltec Auto 1030 

Analyzer (Tecator 1987), and water content was determined gravimetrically after the soil was 

oven-dried for 24 h at 105°C (TS ISO 11465 1997). Acid phosphatase and β-D glucosidase 

activities were determined using 1.5 g of soil on a field-moist basis according to Dick and 

Tabatabai (1992). 

2.4. Statistical analysis 

Two-way analysis of variance (ANOVA) was conducted for the significance level of differences 

between the burned and unburned sites and between the periods as regards soil properties. 

Kolmogorov-Smirnov and Levene tests were applied to test the normality and homogeneity of 

variances, respectively. Data were 1/√ transformed when they were not distributed normally. When 

parametric conditions were not met after the transformation, non-parametric Kruskal-Wallis test 

was performed. Associations between the soil parameters were determined by Pearson correlation 

analysis. All statistical analyses were conducted by using SPSS (version 21) (Özdamar 2004). 

Results 

Soil pH significantly increased in the burned sites immediately (from 5.2 to 5.6), and seemed not to 

change (5.0 and 5.5, respectively) (F = 10.2, P=0.003) in seven months after the fire. However, the 

difference disappeared (5.2 and 5.3, respectively) and the pH level in the burned site was the same 

with that of the unburned site in two years (Figure 2a).  

The change in EC after the fire was statistically not prominent (F = 1.04, P>0.05) but the variation 

in this parameter was significant between the periods (F = 4.98, P=0.011). However, a week later 

after the fire, there was a significant increase in EC in the burned soil (Figure 2b). 

 

(a) 

 

(b)

Figure 2. Soil pH (a) and EC (b) levels in the burned and unburned (control) soils after fire. 
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No signficant difference was observed in organic matter content (OM) between the control and 

burned plots (F = 0.01, P > 0.05) but it was significantly different between the periods (Figure 3a, F 

= 5.9, P = 0.005). Although there was an insignificant increase in total nitrogen (Nt) amount 

immediately after fire (F = 2.8, P > 0.0.05), the variation in Nt amounts was consistent with OM 

change in time (Figure 3a and b, F = 4.2, P = 0.022).   

C / N ratio decreased significantly in all burned areas (F = 6.33, P = 0.02) but the differences 

between the periods were insignificant (Figure 3c, F = 1.57, P > 0.05). The difference in ratios 

between the control (26.24) and burned soils (19.71) went on in time with a decreasing trend. Two 

years later, they were 20.83 and 14.95 in the control and burned areas, respectively. 

 

(a) 

 

(b) 

 

(c) 

Figure 3. Soil OM (a), Nt (b) levels and C/N (c) in the burned and unburned (control) soils after fire. 

No difference was observed in enzyme activities (β-D glucosidase and acid phosphatase) due to fire 

(F = 0.67, P > 0.05). However, the period effect on both of them was significant (F = 6.12, P = 

0.005). The highest amount of acid phosphatase was in the last period (0.28 mg pNP h-1 g-1), while 

the minimum amount was found in the first period (0.15 mg pNP h-1 g-1). β-D glucosidase activity 

was compatible with acid phosphatase (Figure 4a, b). 

 

(a) 

 

(b) 

Figure 4. (a), (b) Soil enzyme activities in the burned and unburned (control) soils after fire. 
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Fire effect on Ca (F = 5.13, P = 0.029) and Mg (F = 16.94, P < 0.001) was found to be significant. 

These nutrients both increased after burning (Figure 5a, b). The mean value of Ca was 840.4 ppm 

and 1296.5 ppm, while Mg was 103.1 ppm and 196.8 ppm, respectively, in the control and burned 

soils.  

K amounts in the soil were not affected by either the fire (F = 0.72, P > 0.05) or the period (F = 

1.22, P > 0.05) (Figure 5c,). There was a significant difference only in Na amounts between the 

periods (F = 4139.1, P < 0.001). It was 96.25 ppm in July 2012. In the first and the last periods, 

which were in autumn, Na amounts were found to be 3.7 and 5.7, respectively (Figure 5d). 

There was an insignificant increase in available phosphorus amounts after fire, which was found to 

be 20.08 ppm in the burned soils and 9.5 ppm in the control soils in the first period (a week later 

after fire) (Figure 5e, F = 0,69, P > 0.05), while they were 8.13 ppm and 6.73 ppm in the last period 

(two years after fire). 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 5. Soil Ca (a), Mg (b), K (c), Na (d) and P2O5 (e) in the burned and unburned soils after fire. 

According to the correlation analysis (Table 1), there were positive linear correlations among pH, 

Nt, P2O5, EC, Ca, Mg, whereas there was a negative relationship between pH and acid phosphatase 

enzyme activity. OM was correlated with Nt, C/N, P2O5, EC, Ca, Mg and K, although there was no 

relation between Nt and C/N ratio. β-D glucosidase was correlated with acid phosphatase and K. 
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According to the correlation analysis (Table 1), there were positive linear correlations among pH, 

Nt, P2O5, EC, Ca, Mg, whereas there was a negative relationship between pH and acid phosphatase 

enzyme activity. OM was correlated with Nt, C/N, P2O5, EC, Ca, Mg and K, although there was no 

relation between Nt and C/N ratio. β-D glucosidase was correlated with acid phosphatase and K. 

Table 1. Pearson correlation coefficients (r) among measured variables in the study area. Asterisks refer to 

the level of significance; *, P < 0.05; **, P < 0.01. 

 pH OM Nt C/N P2O5 EC β-D Glucosidase Acid Phosphatase Ca Mg K Na 

pH 1 .279 .527** -.280 .424** .489** -.253 -.317* .595** .681** -.078 -.036 

OM  1 .837** .584** .577** .404** .130 -.188 .580** .382** .478** -.262 

Nt   1 .087 .725** .555** .076 -.269 .812** .701** .363* -.140 

C/N    1 .031 -.043 .138 .102 -.075 -.386** .387** -.195 

P2O5     1 .382** -.079 -.261 .570** .461** .263 -.095 

EC      1 .101 -.174 .524** .566** .067 .327* 

β-D Glucosidase       1 .661** .175 -.009 .310* -.132 

Acid Phosphatase        1 -.019 -.268 .284 -.091 

Ca         1 .734** .368* .024 

Mg          1 -.018 .011 

K           1 .037 

 

2. Discussion 

Soil pH increases immediately after fire in most cases, declining to prefire levels in several months, 

years, or decades (Fisher and Binkley 2000). In this study, a prominent increase in soil pH might be 

related to Ca and Mg increase with fire due to the release of nutrients caused by the combustion of 

organic matter. The thick ash layer on the burned area was likely the most important source of 

these nutrients (Pereira P. 2012). 

The availability of nutrients is influenced directly by geochemical factors and indirectly by 

microbial activity (Fisher and Binkley 2000). Positive correlations were found between pH and Nt, 

P2O5, Ca, and Mg (Table). Previous studies found highly significant positive correlations between 

pH and exchangeable Ca and Mg (Finzi et al. 1998, Quilchano and Maranon 2002). 

Many studies reported that organic matter content of the soil decreased after fire (Eron 1977, Eron 

and Gürbüzer 1988, Neyişçi, 1989, Boydak et al., 1996, Certini, 2005, Neff et al. 2005, Tavşanoğlu 

and Gürkan 2010). On the other hand, the natural or artificial reintroduction of vegetation called 

secondary ecological succession, which has high net primary productivity, may lead to the recovery 

of soil organic matter in burned areas in a short time (Certini 2005). Soil organic carbon increase 

after fire may stem from the incorporation of unburned residues in mineral soil, the transformation 

of fresh organic materials to more recalcitrant forms, and the increase of N-fixer species in the 

burned areas (Johnson and Curtis 2001).  There was no significant increase in organic matter 

amount after fire though it was significant in terms of the period. Our results showed that the 

second and the third periods were not very different from each other while the difference between 

the first and the last two periods was considerable in terms of soil organic matter content. The 

immediate increase in OC after burning might be due to the formation of charcoal depending on 

incomplete combustion of organic matter (Kaptanoğlu Berber 2014). The insignificant difference 

between the last two periods probably derived from leaching of charcoal and recovery of the forest 

floor after a low-severity surface fire.  
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The difference between the burned and unburned areas seemed insignificant in terms of Nt. 

However, fire resulted in relatively higher Nt amounts in the first period. It has been found that fire 

increases the nitrogen amounts (Boydak et al. 1996, Altun et al. 2004, Esquilin et al. 2008, Kara 

and Bolat 2008, Yıldız et al. 2010), which may be due to increased biological nitrogen fixation 

after fire (Kutiel et al. 1987, Kara and Bolat 2009).  

Contrary to OM and Nt, C / N ratio was affected significantly by fire (P = 0.017).  After burning, C 

/ N ratio was observed to decrease (Figure 3c). This result might depend on insignificant decrease 

in organic carbon content and is the evidence of the increased nitrogen mineralization after fire 

(Tecimen 2011, White 1986, Çepel 1975). Kantarcı (2000) reported that decomposition was very 

low when C / N ratio was greater than 30, C / N values ranging from 15 to 25 and values lower 

than 15 represented ongoing decomposition and very fast mineralization, respectively. Therefore, 

mineralization accelerated from lower values to higher values after surface fire.  

Although increases in P2O5 amounts in burned soils were reported (Kutiel and Shaviv 1992, 

Boydak et al. 1996, Esquilin et al. 2008, Yıldız et al. 2010), no significant differences between the 

burned and unburned soils as regards available phosphorus could be observed, which was 

confirmed in a study conducted in Pinus douglasiana Martínez-dominated forest stands in central-

western Mexico 8 years, 28 years, and 60 years following a high-severity fire (Quintero-Gradilla et 

al. 2015). However, an immediate increase was observed after fire in burned areas in the first 

period, which diminished to the same levels in the unburned areas in last two periods. Increasing 

spatial variability in ash with time as a result of water erosion (Pereira et al. 2012) and/or overland 

flow (Dorta Almenar et al. 2015) could cause a decrease in P2O5. 

EC values increased insignificantly after fire, but the difference between the periods was 

significant. Similar values were found in the first and second periods. Heating of soil with fire in 

the first period and under summer conditions in the second period might result in relatively warmer 

soils. The release of cations might be stimulated by the decomposition at rising temperatures. EC 

(saturated-extract electrical conductivity) values increased and decreased with exchangeable Ca, 

exchangeable Mg, and cation exchange capacity (McBride et al. 1990). A positive correlation was 

found between EC and Ca, Mg, and Na was in this study (Table). It was reported that cations like 

Ca, K, and Mg increased after fire (Khanna et al. 1994, Kutuel and Naveh 1987, Giardina et al. 

2000, Knoepp et al. 2004).  

Enzyme activities are influenced negatively by fire in most of the cases (Hernandez et al., 1997; 

Barreiro et al., 2015). Although there was no significant variation in β-D glucosidase and acid 

phosphatase activity after burning in this study, the period effect was significant. An increase in 

enzyme activities was observed depending on the period. It might stem from seasonal differences 

between November and July in the first year and climate changes year by year. The impact of fire 

on biological properties of soil depends strictly on soil moisture (Certini, 2005). The temperatures 

reached with fire might suppress the enzymes in a week following the fire and in later periods; little 

rainfall might result in low enzyme activity. It was reported that temperature and water potential of 

soil together may be better predictors of phosphatase activity than either one alone (Krämer and 

Green, 2000). 

Acid phosphatase is released from plant roots although alkaline phosphatase is excreted by soil 

microorganisms (Okur et al. 2009, Krämer and Green, 2000) and affected by soil pH directly 

(Bilen, 2010). This enzyme activity reached a peak in the last period two years after the surface 



Eurasian Journal of Forest Science – Soil chemistry and microbial activity – Kaptanoğlu et al. 2018 6(4) 

9 
 

fire. It might be caused by root system development during the secondary vegetation over this 

period. Periodical variation in phosphatase activity might be related to P2O5 variation as well; 

phosphatase activity increased when P2O5 amount decreased in soil (Figure 3b and 4e). Although 

fire did not likely result in high level of P2O5 in the soil, it might prevent microbial excretion of 

phosphatase (Clarholm, 1993). In fact, an insignificant but negative correlation was observed 

between these parameters. 

Although periods might likely cause some changes, the results in this mixed forest soil 

demonstrated that there was no considerable change after surface fires. However, increases in some 

nutrients such as Ca and Mg were observed in addition to decreasing C / N ratio back to optimum 

levels in terms of mineralization. These changes may provide more higher amount and availability 

of nutrients for the new vegetation. We found a significant increase in soil pH as a consequence of 

a fire in the first period, which continued in the second period. A shift in pH levels back to its pre-

fire condition could be observed in this study similar to the report of Trabaud (1983) and Durán et 

al. (2008). However, it seemed that even in the case of low-intensity surface fire, more than two 

years were needed to observe such a return in soil Ca, Mg level, and C / N ratio.  

This study draws attention to the importance of fire severity on forest soils and is aimed to improve 

our knowledge on fire-affected soils in the ecosystems susceptible to surface fire. We concluded 

that surface fire effect on soil properties was limited. Soil properties did not considerably change 

after fire in the area except some exchangeable cations like Ca and Mg. Management intervention 

to the burned forest floor after low-severity surface fires is not recommended. Furthermore, 

considering the advantages of natural regeneration of dominant tree species thanks to the 

enrichment of available nutrients or reduction of fire risk by limiting fuel accumulation, prescribed 

fires can be effectively used without any damage to soil in these ecosystems as a management tool.   
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