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Introduction

At the northwestern Turkey; where the climate is the

temperate-humid; the soils are deep, low carbon and N containing,

moderately acidic. Two of third of deciduous forests are dominated

with the Oak species at the northwestern part of the country within

the mainly species Quercus petrea, Q. robur, Q. frainetto and Q.

cerris. Study site consisted from different land use types to investigate

the land use effect. Numerous studies have stated that land use type

generally affects the soil nutrient budget status especially. organic

carbon and total nitrogen and mineralization rates (Tchienkouva

and Zech, 2004; Groffman et al., 2006).

This part of country has relatively low wild fire risk because

of deciduous forests such as oak, hornbeam, chestnut and

comparatively higher precipitation receiving land. But the global

warming and changing seasonal periods are able to create fires

and so those lands became more sensitive to fires.

Forest fires and organic residual burnings are very common

at Mediterranean type ecosystems which could be perceived as

one of major component in nitrogen transformations and releases.

Soil nitrogen losses in fires were estimated by several authors.

According to the authors Choromanska and DeLuca (2002) and

Fisher and Binkley (2000) the removal of nutrient by fire could be

by oxidation, vaporization, convection of ash particles by wind,

accelerated erosion and leaching after fire. Fires affect soil’s physical

characteristics which in turn reflect to the soil-water relations such

as soil strength, saturated hydraulic conductivity and infiltration (Are

et al., 2009). Fire driven disturbances might leave barrens behind

which requires primarily conservation (Grossmann and Mladenoff,

2008). Besides high temperature is affected the pH, color, soil texture,

water stable aggregates, electrical conductivity (Terefe et al., 2008),

organic matter, as well, fire creates an ash-fertilizing effect that could

be accounted in advantageous side (Ohtsuka et al., 2007). Fires

have also affected the microbial activity and functional diversity at
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both bacterial (Velasco et al., 2009) and fungal (Bastias, 2006)

levels. The microbially available nutrients might also increase after

fires (Knicker et al., 2005).

The N at any site reacts due to several independent

variables such as vegetation, fire, fuel type, fuel consumption amount,

fuel consumption percentage, time after fire (Wan et al., 2001). For

example different net N mineralization rates are attributed to quality

and quantity of C inputs (Grady and Hart, 2006) from which we can

refer the C effect on N pool rate. The post – fire N availability is

dependent upon the quantity of N lost in the fire, changes in rates of

microbial mineralization after the fire, and competition between plants

and microbes for mineralized N (Fisher and Binkley, 2000).

Nevertheless the lost microbial functional groups could be re-gained

by manure or fresh soil inoculation to the soil however it is not a cost

effective application (Acea and Carballas, 1999).

The intensity of the fire should be efficient on the

transformations and losses or additions of soil N and C. The level of

temperature and the time of burning have several effects on soil N,

C, and mineralization potential. However Ilstedt et al. (2003) stated

that the less intensive fires might decline the microbially available N

up to 50% within higher respiration rates while total N increase at

litter layer and NO
3
- might increase up to 10 fold for the upper

mineral soil. Higher severity burning cause to increase in soil

moisture, temperature and a decrease in pH, also; microbial

communities at both low and high severity burned sites were

structurally different from the population in the unburned sites

(Hamman et al., 2007).

While wild forest fires even the most severe burn in

heterogeneity related to landscape, fuel deposition, fuel moisture

status, wind direction and intensity (Hamman et al., 2007) the

laboratory conditions provide more homogeneous environment

and due burning intensity.

To make an understanding of fire effects to soil nitrogen

transformations and C and N pools we executed artificial heating

patterns at different temperature degrees. So the main points of this

study that are investigated are (I) what is the effect of heating

temperature, (II) what extension does the time of heating efficient,

(III) what is the resultant effect of long time and high temperature on

the losses of total N, organic C and ammonium-N and nitrate-N.

Furnace heating method was used to estimate the mineral and total

N and organic C losses or additions caused by high temperature

heating.

Materials and Methods

Site Description: The study site is located in northern Istanbul

with 41o23’40” N and 28o21’04” E coordinates. General vegetation

types at abandoned agricultural land (AAL) is pasture, Rubus and

Cystus sp. at shrub land (SL) and mixture of Quercus cerris, Q.

petrea, Q. frainetto and Q. robur species at Oak forest land (OFL).

The soil type is Alfisol, sandy or sandy loamy textured and generally

show slightly-moderate acidic character (pH between 4.60-5.72).

The total nitrogen (between 0.055-0.159%) and organic carbon

(2.172-2.768%) contents are generally low (Table 1). The climate

of the study area is semi-humid temperate climate.

3 sampling points were sampled for investigation of mineral

and total nitrogen and organic carbon rates consisting from AAL, SL

and OFL. Samplings were made on 6th June 2009. Subsamples of

soils from 8 random places were collected with an excavating dug

and stored into the polyethylene bags until being reached to the

laboratory in a cooler (2-5oC) to impede biological activity. Soils

from cores are composited in the field for extraction and analysis

giving eight composite samples per site.

Ammonium-N and Nitrate-N analysis: Fine and coarse fractions

from each soil core are weighed, and the fine fractions from three

soil cores are composited. A well-mixed, 10 g dry soil equivalent

subsample is extracted with 50 ml of 2 M KCl. The suspensions are

shaken on mechanical shaker for 1 hr and centrifuged for 5 min. at

10000 rpm. The filtered extracts are then analyzed for NH
4
+ N and

NO
3
- N at Foss Fiastar 5000 Auto Analyzer system (Hart et al.,

1994). Besides separate soil samples are taken from each soil to

determine the gravimetric soil water content.

Heating treatments: Before and after heating the organic C, total

N and NH
4
+ N and NO

3
- N amounts were determined. 5 subsamples

from each sampling site were heated for 1 and 4 hr at 100, 200 and

350oC respectively.

Soil properties: Collected soil samples for the general soil

properties were air dried, ground and then skeleton, coarse woody

debris, containing the roots, were removed. The soils were sieved

from 2 mm to obtain fine soil fraction for the physical and chemical

analysis. Separate subsamples were oven dried at 105oC for 24 hr

for hygroscopic moisture. Texture analysis of the soils was made

according to Bouyoucous hydrometer method. Soil pH was

determined in a suspension of 1:2, 5 of sample in distilled water.

Soil organic carbon was determined by Wackley-Black

method (Nelson and Sommers, 1982), the total N was detected with

Kjeldhal method at the K-370 Buchi Kjheldahl Auto Analyzer unit

(Bremner and Mulvaney, 1982).

Results and Discussion

Soil total nitrogen and organic carbon pools: The results we

found suggested that the alteration due heating was more remarkable

for organic carbon than total nitrogen amounts. The results related

with heating temperature for 1 hr revealed that excluding slight

increase at OFL heating at 100oC the differences for organic C after

- before heating are generally negative (Table 2).

Also the increased heating period caused more explicit

differences among heating temperature levels where we could detect

no organic C content after heating at 350oC for 4 hr. As the total N and

organic C values of study site (Table 1) showed that the initial organic

C values are very close to each other, the statistical differences within

each temperature level are due land site characteristics while that
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approach is not valid for total N differences before-after heating. The

total nitrogen amount is highest in OFL and lowest in SL whereas the

opposite sequence exists for organic carbon amounts (Table 1). The

results for total N did not reveal significant difference either among

sites or temperature levels; especially; heating for 4 hr created no

difference among the sites. Besides as the initial total N amounts are

different the total N amounts differences before-after heating are

varying in the advantageous of SL and AAL.

Ammonium and nitrate budget: The NH
4
+ N pool has shown

different responses to the both temperature degrees and the duration

of heating. According to our findings regardless of the land use type,

the amount of NH
4
+ N pools increased both for 100 and 200oC but

350oC when we made comparison along with the heating time

(statistical comparison not given). The initial NH
4
+ N contents caused

to varying post – heating content. When we compared the results

within the land use type; heating at 100oC created significant

differences according to heating time, while heating at 200oC differed

for SL and AAL and heating at 350oC differed only at SL (Table 3).

Heating for 1 hr at 100oC did not create a remarkable

difference but heating at 200 and 350oC both brought about

considerable changes at NH
4
+ N pools (Table 4). Among the heating

temperatures we could detect significant differences where at 200oC

all soils from all land use types showed significant increase (Dunnett

T3, p<0,05) (Table 4). Our findings for NO
3
- N are quite different from

NH
4
+ N pool. For all land use types, temperature levels and time of

heating the post – heating NO
3
- N contents decreased (Table 4).

At the end of laboratory heating trials we expected to gain

results which could provide information for apprehension of fire

dynamics as the effects of fire on soil C and N pools. However the

Table - 1: Average values of soil properties of sampling sites values in parenthesis are min-max

Land use Total nitrogen % (n=3) Organic carbon % (n=3) pH (H
2
O) (n=4)

AAL 0.055±0.00 (0.054-0.056) 2.198±0.01 (1.966-2.360) 5.36±0.01 (5.28-5.45)

SL 0.066±0.01 (0.050-0.089) 2.768±0.02 (2.472-3.065) 5.65±0.01 (5.55-5.72)

OFL 0.159±0.04 (0.123-0.194) 2.172±0.01 (1.973-2.427) 4.92±0.01 (4.60-5.28)

AAL= Abandoned agricultural land, SL= Shrub land, OFL= Oak forest land, n= Number of samples

Table - 2: The organic C and total N amounts before and after heating (Statistical evaluation and comparisons were made within heating time)

Temp
. Land use

Org. C (%) Org. C (%) Dif. Total N (%) Total N (%)
Dif.

/ time before heating after heating (*)                                before heating        after heating

1 hr

100oC AAL 2.198 2.065ac±0.15 -0.133 0.055 0.103ab±0.02  0.048

  »  » SL 2.768 2.341a±0.07 -0.427 0.066 0.114a±0.01  0.048

  »  » OFL 2.172 2.282a±0.10 0.110 0.159 0.119ab±0.01 -0.040

200oC AAL 2.198 1.384cd±0.08 -0.814 0.055 0.044b±0.03 -0.011

  »  » SL 2.768 1.782ad±0.13 -0.986 0.066 0.051b±0.00 -0.015

  »  » OFL 2.172 1.509abc±0.11 -0.663 0.159 0.062ab±0.02 -0.097

350oC AAL 2.198 0.173b±0.05 -2.025 0.055 0.071ab±0.09  0.016

  »  » SL 2.768 0.102b±0.05 -2.666 0.066 0.066ab±0.01  0.000

  »  » OFL 2.172 0.191b±0.01 -1.981 0.159 0.067ab±0.01 -0.092

4 hr

100oC AAL 2.198 2.308a±0.04 0.110 0.055 0.143a±0.02  0.088

  »  » SL 2.768 2.430a±0.05 -0.338 0.066 0.120a±0.02  0.054

  »  » OFL 2.172 2.339a±0.06 0.167 0.159 0.105a±0.02 -0.054

200oC AAL 2.198 0.871b±0.10 -1.327 0.055 0.135a±0.01  0.080

  »  » SL 2.768 1.192ab±0.13 -1.576 0.066 0.100a±0.01  0.034

  »  » OFL 2.172 1.132b±0.04 -1.040 0.159 0.082a±0.01 -0.077

350oC AAL 2.198 0.090c±0.04 -2.108 0.055 0.088a±0.01  0.033

  »  » SL 2.768 0.256c±0.03 -2.512 0.066 0.115a±0.03  0.049

  »  » OFL 2.172 0.061c±0.03 -2.111 0.159 0.074a±0.01 -0.085

*Values after heating is mean ± SE of variance analysis, AAL = Abandoned agricultural lab, SL = Shrub land,  OFL = Oak forest land

Table - 3: Comparison of ammonium-N budget according to heating time

for different land use and temperature levels

Land use type Temperature Significance between

(oC) 1 and 4 hr heatings

OFL 100 p<0.01

SL 100 p<0.001

SL 200 p<0.001

SL 350 p<0.03

AAL 100 p<0.002

AAL 200 p<0.03

OFL = Oak forest land, SL = Shrub land, AAL = Abandoned agricultural land
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Table - 4: The mg NH
4

+ N kg-1 and mg NO
3

- N kg -1 amounts before and after heating (*)

Temp
. Land use

 NH
4

+ N kg-1  NH
4

+ N kg-1

Dif.
NO

3

- N kg -1 NO
3

- N kg -1

Dif.
/ time before heating after heating (**) before heating after heating

1 hr

100oC OFL 5.097 6.642b±0.18 1.545 0.000 -0.024±0.02 -0.024

  »  » SL 9.583 9.179c±0.15 -0.404 0.000 -0.015±0.01 -0.015

  »  » AAL 12.886 6.765b±0.07 -6.121 0.125 0.108±0.01 -0.017

200oC OFL 5.097 52.923a±3.38 47.826 0.000 -0.104±0.03 -0.104

»  » SL 9.583 48.407a±0.32 38.824 0.000 -0.065±0. 03 -0.065

»  » AAL 12.886 48.326a±0.72 35.440 0.125 -0.121±0. 03 -0.246

350oC OFL 5.097 14.902bc±2.39 9.805 0.000 -0.075±0.01 -0.075

»  » SL 9.583 16.053bc±2.38 6.470 0.000 -0.106±0.01 -0.106

»  » AAL 12.886 16.370bc±2.99 3.484 0.125 0.047±0.13 -0.078

4 hr

100oC OFL 5.097 11.090bc±0.99 5.993 0.000 -0.225±0.01 -0.225

»  » SL 9.583 10.251c±0.09 0.668 0.000 -0.025±0.00 -0.025

»  » AAL 12.886 8.275b±0.24 -4.611 0.125 0.160±0.05 0.035

200oC OFL 5.097 54.069a±1.09 48.972 0.000 -0.155±0.03 -0.155

»  » SL 9.583 52.622a±0.69 43.039 0.000 -0.147±0.02 -0.147

»  » AAL 12.886 50.545a±0.41 37.659 0.125 -0.208±0.00 -0.333

350oC OFL 5.097 9.778bc±0.96 4.681 0.000 0.182±0.12 0.182

»  » SL 9.583 9.336bc±0.89 -0.247 0.000 -0.092±0.03 -0.092

»  » AAL 12.886 9.988bc±1.71 -2.898 0.125 -0.036±0.03 -0.161

*Statistical evaluation and comparisons were made within heating time), n=5 for each application, ** Values after heating is mean ± SE of variance analysis,

OFL = Oak forest land, SL = Shrub land,  AAL = Abandoned agricultural land

disturbance of upper soil by being heated or wild fires create an

initial effect on soil total C, N pools and microbial biomass C as

LeDuc and Rothstein (2007) detected reduced soil microbial biomass

N and C, soil N but not C. Our results for C showed that heating

OFL soils at 100oC hr-1 caused to slight increase at C content of the

soils whereas heating for 4 hr might have caused to recalcitrant

portion of C pool become detectable. The C losses were always

less at OFL for each heating temperatures for both 1 and 4 hr

heating whereas the C loss sequence was as OFL<AAL<SL for

both 1 and 4 hr.  Short periods of heated trials were applied at

100oC for up to an hr and at 200oC for 5 min did not create significant

changes at pH, organic matter, total N, C:N ratio but heating at

500oC for up to 1 hr a significant decrease in organic matter (Marcos

et al., 2007). Probably the intrinsic properties of soils cause to

varying reactions to the fluctuating heating periods.

More than the heating time the heating temperature was

more efficient on C content of soils. Since C content of upper soil is

higher than the deeper soil, fire induced losses mostly occur at

upper soil. Even though fires cause to substantial C loss after

intensive fires, C content might be recovered by rapid decomposition

of dead roots (Fernandez et al., 1999). Fernandez et al. (1997)

found that very low losses observed at 150oC while at the 220 and

350oC the exhibited changes were most similar to those observed

in the wild fire. Those findings are in concordance with the results

we achieved in this study where 7 to 9 fold higher C remained at

200oC hr -1 heated soil compared to 350oC hr -1 heated soil (Table

2). However we could detect only little amount of C content at 350oC

hr -4 heated soil that could be stated that within the temperature

heating time also causes to additional C loss without permitting to

remain even the most recalcitrant portions of soil C (Fernandez et

al., 1997).

In terms of total N we could not find significant differences

between neither heating time, nor land use type nor heating

temperature. There are very slight differences between total N

contents of different heating temperatures but heating at 200oC hr-1

caused to total N losses at 0.011 to 0.015% extend for AAL and SL

respectively. Wan et al. (2001) stated that fire had no significant

influence on soil N amount or concentration where the lost N amount

assessed relatively small compared with total amount of soil N. Also

White (1986) noticed that the soil mineral nitrogen rates may not

alter immediately after prescribed fire but they observed that both

mineralization and nitrification rates increased 6 mo later. The losses

at higher temperatures might be caused from losses of organic

fraction of total N and organic N decline might cause to decrease at

total N amount whereas we can assume that a remarkable amount

of N pool is constituted from organic N fraction. Pretio-Fernandez et

al. (2004) remarked the labile N (soluble with 1 and 3 N HCl) was

assumed to be lost while 6 N HCl soluble N almost remained

unchanged after wild fire or heated soils at 210oC and 350oC.

Ilstedt et al. (2003) announced that after fire total N decreased by

about 16% in 0-5cm mineral soil whose findings are in

correspondence with our results for heating at 200oC hr -1.

The time effect on NH
4
+ N was analyzed for all land use

types for the applied temperature levels and results were significant

for all land use types. The losses for 100oC depending on the

Huseyin Baris Tecomen and Orhan Sevgi
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heating time (1 or 4 hr) were significant for all land use types while

for 200oC for both SL and AAL; and for 350oC it was significant only

for SL (Table 4).

Results for NH
4
+ N losses and re-mineralization rates were

noteworthy for different temperatures. Heating at 100oC hr -1 created

slightly re-mineralization at OFL land use but heating for 4 hr caused

to 2 fold increase at OFL land use. That should be based on

mineralization of organic N to ammonium at OFL land use. Heating

at 200oC hr -1 and 4 hr created the most considerable results where

we detected 4 to 10 fold increase at soil NH
4
+  N pool regardless of

land use type. The NH
4
+ N and NO

3
- N contents of soils generally

show mid – long term differentiation related to soil temperature,

vegetation type and burned biomass (Romanya et al., 2001)

however rapid increase at soil NH
4
+ N content could be attributed to

direct heating of soil or addition of mineralized organic N. We recorded

2 fold higher ammonium concentrations at all land use type soils

when we heated soils at 350oC hr -1 but heating for 4 hr caused only

slight ammonium losses except OFL soil. Conversely soil NO
3
- N

pool has remained even unchanged or decreased to some extent

unlikely Ilstedt (2003) reported 7 to 12 fold increase at nitrate

concentration while no difference recorded at ammonium pool. But

Wan et al. (2001) obtained consistent results with us who pointed

out that the fire-induced increase in the soil NO
3
- N pool was small

immediately after fire, reached a maximum of approximately threefold

of the pre-fire level within 0, 5 -1 year after fire, and then declined.

Authors generally stated that soil ammonium budget

increases rapidly after fire and decreases to its pre-fire level after 6

months to 1 year (White, 1986; Wan et al., 2001). Also nitrate losses

expected to be lower at pasture lands by rapid plant uptake from

soil by quick and efficient root zone present at pasture lands

(Romanya et al., 2001). In this study we tried to make an approach

to understand the differentiations of C and N budgets by providing

an artificial fire effect to soils. The general trend is to say most C is

lost after fire and/or some fractions of C compartment of soils become

labile after being heated. The results achieved in this study revealed

that the soils heated up to 100oC for either 1 or 4 hr did not create

significant difference at C or N fractions but heating at 200oC and

350oC created a linear loss at C contents while no clear difference

gained at total N content. The ammonium content change was most

remarkable for this study. The fate of increased ammonium should

be consumption of ammonium by nitrification following the fire so the

unidentified nitrate will probably exist in the soil after fire.
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