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Impact of fire on values of organic material transformation
indicators

Abstract: The article discusses organic and organic-mineral soil transformations induced by fire. The research covered 24 soil
profiles. It was primarily focused on water properties of post-fire soils, such as the hydrophobic degree, analysed by means of percent
alcohol (MED) and WDPT test, and soil water capacity indicator (W,). The above indicators determine the degree of intensification
of'the moorsh process in post-fire organic soil horizons. Total carbon content was also determined by means of a gas method analyzer
by CS — MAT 5500, as well as the level of organic material decomposition by means of the half syringe method. The achieved result
suggests that the moorsh process and low temperature fires led to an increase in the hydrophobic property of soil organic matter,
whereas in high fire temperature, the soil included more ash, and the hydrophilic properties were higher. The significant degree of
transformation was also confirmed by the water capacity indicator (W,). It primarily concerned the upper horizons of the investigated

soil profiles. The majority of the 76 analysed soil samples showed signs of secondary transformation.
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INTRODUCTION

In the process of transformation of organic for-
mations, wettability is an important property, highly
differentiated particularly in layers with variable hu-
midity (Morley et al., 2005), rich in organic matter
(Wallis and Horne, 1992). The moorsh process re-
sults in organic formations becoming more hydropho-
bic. This is of significance to environmental issues
(Berglund and Person, 1996). Fires on soil organic
matters, occurring increasingly frequently througho-
ut the world, modify the water-absorbing properties
of soils by increasing their temperature (Doerr et al.,
2004). This effect is among others related to the de-
hydration of soil colloids (Bauters et al., 2000).

Surface and ground fires affect the structure (Hallet
and Young, 1999), fibre content (Bogacz et al., 2011),
degree of decomposition of organic matter (De Bando
etal., 1970; De Bando et al., 1976; Raison et al., 1986),
and erosion of soils (Shakesby and Doerr, 2006).

The objective of this research was to determine
the degree of organic matter transformation in stron-
gly dried post-fire soils of the Lower Silesia region
with the application of various research methods.

STUDY OBJECTS

The study objects were soils of forest areas: Cho-
cianow — object Gromadka (GR), Wotéw-Mikorzy-
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ce-Goérowo (MG), and meadow soils from Lubsko
(LU) and Sobin-Jedrzychow (SJ). Organic soil fires
in the aforementioned forest areas occurred between
1986 and 1992. Meadow soil fires occurred in 2006
and 2008. Before the fires, the soils were composed
of strongly dried moorsh layers at a medium or strong
moorsh degree. The soils were classified as moorsh
soils and peat-moorsh soils, hemic or sapric (Komi-
sja V Genezy, Klasyfikacji i Kartografii Gleb PTG,
2011). Organic matter peat accumulated on sand or
sand and gravel formations in fluvial valleys. Such
sand formations sometimes contain silty insertions.
Low peat horizons were represented by the following
genera: Carex sp. and Alnus sp. (Bogacz et al., 2010).
Under the moorsh layer, medium deep peats were
deposited (Mtllb1 and Mtllic1). After the soil fires,
shallow moorsh-peat soils with visible horizons or
ash admixture were frequently encountered.

On strongly burnt surfaces, soils categorised as
organic-mineral soils (Mell or Mmrl11) were also
recorded. According to the currently binding Classi-
fication of Polish Soils (Komisja V Genezy, Klasyfi-
kacji i Kartografii Gleb PTG, 2011), these soils may
be classified as gley, peat, or peat-gley soils (Bogacz
et al., 2011). Post-fire forest communities were re-
presented by alder swamp forests (Alnus sp.), mar-
shy coniferous forests, and birch swamp forests. Me-
adow communities were only represented by Carex
sp. and post-fire substitute communities most frequ-

http://www.degruyter.com/view/j/ssa (Read content)




Impact of fire on values of organic material transformation indicators 89

ently classified as Molinio Arrhenatheretea, with high
dominance of grass, nettles, and alder seedlings (Bo-
gaczetal.,2006; Bogaczetal.,2010; Bogaczetal.,2011).

The following is an example morphological de-
scription of post-fire soil profile Mikorzyce-Gorowo:

stant fibre — unrubbed (B), and on the absorbency
measurement method in soil extractions in 1mol
NaOH dem™ following Sapek and Sapek (1997). Re-
sults regarding the degree of decomposition are pre-

olf 0-2 cm

smooth topography boundaries of horizons

mull type organic horizon, wet, with A/nus sp. and Betula sp. leaves fragments, moist, abrupt distinctness and

Mt 2-10 cm
boundaries of horizons

moorsh horizon, fine grain structure, 7.5YR 3/3 gray, moist, abrupt distinctness and smooth topography

Oal 1028 cm  low peat horizon, smoldered, fragments of smoldered wood and peat, colour of peat 10YR 2/1 black, colour
of smoldered fragments N 2/0 black, strongly decomposed peat R3, amorphous-blocky structure, wet, abrupt
distinctness and smooth topography boundaries of horizons

0Oa2 28-48 cm  transitional peat horizon, strongly decomposed peat R3, 10YR 2/1 black, amorphous-blocky structure, some
smoldered wood in smoldered peat, wet, some redoxymorphic features — fine iron mottles, abrupt distinctness
and wavy topography boundaries of horizons

Oi 48-67 cm  transitional peat horizon, low decomposed peat R1, 10YR 5/6 yellowish brown, wet, fibre structure, presence
of H,S, abrupt distinctness and smooth topography boundaries of horizons

Oe 67-92 cm  transitional peat horizon, low decomposed peat R1, 10YR 4/3 dark gray, wet, amorphous-blocky structure,
presence of H,S, thin sandy layers, abrupt distinctness and smooth topography boundaries of horizons

C +92 cm  mineral horizon, sandy — fine gravel material, SGY 5/1 greenish gray, very wet, gley properties

Soil definition (Komisja V Genezy, Klasyfikacji i Kartografii Gleb, PTG 2011): moorsh soil, low intensity of moorsh process,
developed from strongly decomposed peat R3 on medium R2 and low R1 decomposed peat, with thin sandy layers on sand (MtIb1).

WRB 2006 — Hemic Histosols (Eutric Dreinic Fluvic)

Comments: soils located in the marginal part of a river valley on a flood terrace, dried swamp forest assemblage. Dominant tree

species: Alnus incana with single Betula pendula and Abies alba.

STUDY METHODS

The study on the degree of transformation of post-
fire organic soils covered a total of 24 soil profiles,
described in detail in terms of morphology. The de-
scribed profiles were represented by 98 soil samples.
The soil samples were divided into groups covering:
organic-mineral formations, containing between 5 and
20% of organic matter (7 samples), ashes remaining
after peat burning (7 samples), moorsh (25 samples),
peats (44 samples), and humus layers (10 samples).
Values of the following transformation degree indi-
cators were determined: organic soil formation water
capacity indicator (W,) by Gawlik (1996) and poten-
tial wettability. The indicator values were determi-
ned by means of the following tests: water drop pe-
netration time (WDPT) (Vant'Woudt, 1959) and
ethanol drop penetration time in soil formations
(MED) (Letey et al., 2000). The measurements were
conducted at a temperature of 20°C. Mean test re-
sults based on 10 tests are presented in Table 1, Table
2 and Figs. 1-5. The study also covered organic car-
bon content (OC) following removal of carbonates,
determined by means of the gas analysis method in a
CS-MAT 5500 device, as well as degree of decompo-
sition of organic matter, measured by means of the
half syringe method (Lynn et al., 1974) based the con-
tent of so-called rubbed fibre or decomposition resi-

sented in Table 1 and Fig. 4 and Fig. 5. For statistical
calculation, Statistica 9.0. software was used.

RESULTS AND DISCUSSION

Genetic horizons of post-fire transformed soils are
primarily distinguished by a strong diversification of
organic carbon content (OC) resulting from different
intensity of fires and time of their occurrence (For-
bes et al., 2006). The study showed higher mean OC
contents in moorshes than in peats. This phenome-
non might be caused by low temperature fires, frequ-
ently occurring in deep moorsh. At low oxygen ava-
ilability, a process similar to pyrolysis results in an
increase in carbon content in analysed samples. Low
temperature fires often increase carbon content by as
much as 30-50% before a fire incident (Ponomarien-
ko and Anderson, 2001; Forbes et al., 2006). Such a
possibility is described by Efremova and Efremov
(2006), who studied fires of large areas of Siberian
peats. Peat or moorsh burning also results in a decre-
ase in the volume of decomposition-resistant fibre (B).
Results presented in Table 1 classify organic matters
as sapric ones, and only in some cases as hemic ones.

One of the physical indicators used to evaluate
transformation of secondary organic formations is W,
— absorbing capacity by Gawlik (1996). It is applica-
ble to the diagnosis of moorsh horizons in different
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decession phases, distinguished
earlier during field works. The
threshold value for the W1 indi-
cator is 0.35 for low ash forma-
tions, and 0.41 for high ash for-
mations. It distinguishes peats
showing no secondary transfor-
mation symptoms from moorsh
(Gawlik, 1996). For the majori-
ty of genetic horizons of organic
soils and organic-mineral soils,
the study results were equivalent
to field observations. GR soils
were distinguished by an initial
(D or low (II) degree of secon-
dary transformation only in cer-

tain surface or subsurface horizons. A higher degree
of transformation occurred in horizons with ashes.
Soils of the second forest object (MG) were much
stronger transformed than GR soils, and were distin-
guished by an initial (I), weak (II), or medium (III)
degree of secondary transformation. Peat transforma-

Wy

TABLE 1. Coefficients of the degree of transformation of soil formations

Type of formation OC B Type of W, WDPT MED
mgkg! % organic [s] class
meterial

Litter 139-466 4-33 hemic - 4-19260 2-7
346 22 sapric 4860 6

Peat 127-511 2-40 hemic 0.10-0.87  3-32400 1-7
326 15 sapric 0.34 13685 6

Moorsh 253497 1-39 hemic 0.10-0.96 165-31320  2-7
358 18  sapric 0.49 14332 6

Ash 25.5-112 - - - 1-3771 1-5
67.4 1005 4

Organic-mineral 55.5-109 - - - 3-32400 1-
87.1 9903 4

Explanation: W ,— water absorption coefficient, WDPT — water drop penetration time, MED — mo-

larity ethanol droplet, B — unrubbed fibre, OC — organic carbon.

[aa]

25 a0

20

abudance

10

N

T

AT
B
R
AT
B
R
L
AT
R
R ERERRY MEunntLEE Rt
I LE (R antEEELLLUCRLLELE
Y B HEELELE
R B R LGt
! MaETEEELLLUCLLEEAE
Y B REL LY
N S E LY
R ERERRY MEunntEE Rt
I LE (R antEEELLLUCRLLELE
Y B RS L LY
R B At

N

e R
RN
A
R
R
S EAR]
AL
R
RN
A
R
AR
R RA L
R

R

T

NNNNNNNNNN

N

R
R
AR
NI
R
L
T
N

L R

N

NNNN

VELY hrdrophylic slightly moderatly strong
hypdrophsylic hydrophobic  hydrophobic  hydrophobic

wery strong extremmely
hydrophobic  hydrophobic

tion sometimes covered the entire soil profiles. A si-
gnificant degree of transformation in the analysed
organic formations of meadow areas LU SJ was ob-
served in all of the organic horizons of the second
meadow object (SJ). Surface horizons were frequen-
tly determined as subject to strong secondary trans-

O peat

B moorsh

Bl organic-nineral.
B htter

O ash

FIGURE 1. Number of soil
samples within water
absorption classes in post-fire
areas based on the MED test

TABLE 2. Summary of results of MED and WDPT tests in the scope of analysis of hydrophobic properties

MED.  Name of class

C,HOH  WDPT [s]

class (%] <5 560  60-180 180-600 600-3600 3600-18000 >18000
7 extremely hydrophobic 36 - - - - 1 4 21
6 very strongly hydrophobic 24 - - - 2 15 12 5
5 strongly hydrophobic 13 - - 5 4 5 1 1
4 moderately hydrophobic 8.5 - 1 2 - 1 - -
3 slighty hydrophobic 5 - 1 - - - —
2 hydrophylic 3 - 2 - - - -
1 very hydrophilic 0 11 4 - - - - -
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55%

1 -no change 4 — medium secondary transformed
2 —initially secondary 5 — strong secondary transformed
3 —weakly secondary transformed 6 — completely degraded

FIGURE 2. Secondary transformation of pyrogenic (forest) soils
based on the water absorption coefficient W, (Gawlik, 1996)
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FIGURE 4. Correlation between the values of the WDPT
indicator, and MED test
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FIGURE 5. Correlation between the values of the WDPT indicator
and organic matter content (OC)

formations (IV), or even degradation (V). A higher
degree of secondary transformation was particularly
observed in organic surface horizons. Among the ho-
rizons analysed, 46% showed no symptoms of secon-
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1 -no change 4 — medium secondary transformed
2 —initially secondary 5 — strong secondary transformed
3 —weakly secondary transformed 6 — completely degraded
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FIGURE 3. Secondary transformation of pyrogenic (meadow)
soils based on the water absorption coefficient W, (Gawlik, 1996)

dary transformation. The initial stage of transforma-
tion (I) was represented by 14% of samples, low de-
gree of transformation (II) — by 12%, medium degree
of transformation (I11) — by 14%, high degree of trans-
formation (IV) — by 7%, and the degraded stage (V)
— by 4%. The latter group involved surface horizons
of burnt moorsh. The study results show a substan-
tially higher degree of transformation of organic me-
adow formations in relation to the forest soils (Fig. 1,
Fig. 2 and Fig. 3).

Based on wettability tests WDPT and MED, more
than 60% of the analysed soil samples were classi-
fied to the 6th and 7th class, i.e. as strongly or extre-
mely hydrophobic, and only 10% to the 1st, 2nd, and
3rd class, i.e. as very hydrophilic, hydrophilic, or low
hydrophilic. Ash horizons accumulated as a result of
peat burning, as well as horizons with burnt fragments
of vegetal remains and silted horizons, showed a hy-
drophobic capacity lower than that of peat horizons
or duffs unaffected by fire (Fig. 1). The water drop
penetration time (WDPT) test applied revealed re-
sults similar to those of the MED test, as presented in
details in Table 2, and in the calculation of the corre-
lation coefficient r=0.64, n=98, p>0.05, as well as
the chart of this correlation in Fig. 4. An increase in
OC content in soil samples affected wettability indi-
cator values (WDPT). This phenomenon is also con-
firmed by a high correlation coefficient for the sam-
ples studied: r=0.53, n=98, p<0.05 (Fig. 5). A similar
correlation was also observed in studies by Roy et al.
(2000) and Lachacz et al. (2009). According to
Lachacz et al. (2009), the observed phenomenon is
particularly visible when OC > 120 g kg™! of soil,
when soil samples become significantly hydropho-
bic. This is also confirmed by the studies the results
of which are presented in Fig. 4 and Fig. 5. Such be-
haviour of organic matter is also determined by the
possibility of alternate humidification and drying
(Bisdom et al., 1993). The potential water capacity
of organic soils is closely related to temperature, type
of burnt organic matter, and oxygen availability du-
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ring a fire incident (Doerr et al., 2004). Based on mean
WDPT values calculated for the described post-fire
soils, potential water repellent capacity of peats hi-
gher than that of moorsh is not confirmed.

CONCLUSIONS

1. Fires resulted in a decrease in potential hydropho-
bic capacity of organic horizons. A higher degree of
secondary transformation was usually observed in
surface horizons, and concerned horizons with ashes.

2. Organic matter burning or burnout significantly
modified its hydrophobic capacities.

3. Values of the W, parameter indicated a degree of
transformation of organic horizons of meadow so-
ils higher than that of forest soils.
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Wplyw pozaru na wartosci wskaznikdéw przeobrazenia utworéw organicznych

Strzeszczenie: Artykut dotyczy stopnia przeobrazenia gleb organicznych i organiczno-mineralnych wywotanego pod wplywem
pozaréw. Badania przeprowadzono na 20 profilach glebowych. Gléwnie skoncentrowano si¢ na wlasciwosciach wodnych gleb
popozarowych, takich jak: ich stopien hydrofobowosci, bazujac na tescie alkoholowym (MED) i (WDPT) oraz wskaznik pojemnosci
wodnej (W,). Powyzsze wskazniki Swiadczyly o stopniu intensyfikacji procesu murszowego w popozarowych poziomach organicz-
nych gleb. Dodatkowo okreslono zawartos¢ wegla catkowitego metoda Tiurina aparatem CS — MAT 5500 oraz stopien rozktadu
materii organicznej metoda pdtstrzykawki. Otrzymane wyniki wskazujq na proces murszowy oraz pozary niskotemperaturowe — jako
czynniki prowadzace do wzrostu cech hydrofobowych materii organicznej, jednak przy wysokiej temperaturze pozarow gleba wyka-
zZuje wyzsza zawartos¢ popiotu oraz wyzsza hydrofilowos¢. Znaczacy stopien przeobrazenia materii organicznej w glebach popoza-
rowych jest rowniez charakteryzowany przez wskaznik pojemnosci wodnej (W, ). Dotyczy to glownie powierzchniowych pozioméw
badanych profili. Wigkszos$¢ z badanych 76 probek glebowych wykazuje cechy przeobrazenia wtérnego.

Stowa kluczowe: gleby organiczne pozarowe, wlasciwosci hydrofilowe-hydrofobowe, stopien przeksztalcenia gleb, proces murszowy



