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Abstract

The methodology of laboratory-controlled experiments widely used to study the direct effects of forest fires re-
garding the both, the organic matter and the forest soil, should be expanded by studying the spatial-temporal
framework of transformation processes, that are conditioned driven by the interactions of between the ash with
and the forest-modified modified forest soil that will start in the forest environment immediately after the fire.
Based on this knowledge, it will be possible to manage implement effective adaptation and remediation measures

measurement in the areas affected by forest fires.
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1 Introduction

The results of expertise carried out on cli-
mate change impacts in the conditions of Slo-
vakia (The 6-th National Communication SVK
on Climate Change 2013) show that in the fu-
ture, the most important abiotic natural origin
harmful agents in this country will include land
and forest fires and landslides. These assump-
tions have also been confirmed by the Report
issued by the Intergovernmental Panel on Cli-
mate Change [1]. Consequently, there may be
expected serious commercial losses, mainly in
the Central and Eastern Europe [2-4].

These risks will cause negative impacts on
the quality, health condition, resistance and
overall fitness of forest ecosystems, which
will reduce their hydric, production and eco-
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1 Uvod

Podl'a expertnej analyzy dopadov zmeny
klimy v podmienkach Slovenska (6. Narodna
sprava 0 zmene klimy 2013), k najvyznanej$im
abiotickych prirodnym Skodlivym cinitelom
budu v budiicnosti patrit’ okrem inych aj kraj-
inné a lesné poziare a zosuvy poddy. Tieto
predpoklady boli potvrdené aj spravou
medzinarodného panelu pre klimaticki zmenu
[1], na zaklade cCoho mozno predpokladat’ vznik
vyznamnych hospodarskych §kod, najma
v strednej a vychodnej Eurdpe [2-4].

Désledkami tychto rizik buda negativne do-
pady na kvalitu, zdravotny stav, rezistenciu
a celkovi konstitaciu lesnych ekosystémov
veducich k znizeniu hydrickych, produkénych,
ako aj ekostabilizacnych schopnosti lesnych
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stabilisation potential — resulting in yields de-
creasing, costs increasing and shortening the
optimum rotation period [5, 6].

For these reasons, it is necessary not only to an-
alyse the forest ecosystems vulnerability by the
specific natural disasters [7], but also to recog-
nise the potential negative impacts of such dis-
asters on forest ecosystems, including problems
related to the effective management of the fire-
devastated land. Solving of these problems re-
quires innovation of the commonly used re-
search methods and complementing them with
research in laboratory—controlled experiments.

2 Problems review and Discussion

The impacts of fires on physical-chemical
and biological parameters of soils depend on the
intensity and duration of the heat transfer into
soil [8]. Biological changes in the soil are initi-
ated in the upper soil horizons just at low tem-
peratures from 40-121 °C [9], while the soil
surface temperature accompanying forest fires
ranges within 200-300 °C [10], in shrubby ar-
eas 500-700 °C, in meadows and pastures 200—
300 °C [9]. The fire-induced soil modifications
depend on the temperature and time.

The identification of the maximum fire tem-
perature is necessary not only for recognising
the direct fire impact on the surrounding ecosys-
tem, but also for effective management of the
fire-devastated land [11]. The fire impact on soil
is complex, consequently, the study of this im-
pacts needs comprise all the key soil properties
(organic matter content, soil material repel-
lence, grain size structure), along with the act-
ing factors (fire intensity and type); as omitting
a single one can cause misinterpretation of the
results obtained [12]. Today, it becomes obvi-
ous that the best-fitting methods for investigat-
ing the fire impacts on forest soil are the meth-
ods used in laboratory-controlled conditions.
These methods are the only ones allowing to
control the temperature and time influencing the
processes running in soils [13], and to compare
the results obtained in this way with the results
obtained at field works in forest-fire-affected
forest ecosystems [12]. The methods applied in
laboratory-controlled experiments on forest
fires impacts on forest soils are based on analys-
ing heat processes accompanying the organic
matter (mainly litter-fall) combustion at temper-
atures 150, 200, 250, 300, 350, 400, 450,
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ekosystémov, ¢o bude viest’ k znizovaniu vyno-
sov, zvySovaniu nadkladov a skracovaniu opti-
malnej rubnej doby [5, 6].

Z uvedenych dovodov je potrebné nielen
analyzovat’ zranitelnost’ lesnych ekosystémov
jednotlivymi prirodnymi Zzivlami [7], ale aj
spoznat’ negativne dosledky ich potencidlnych
vplyvov na lesné ekosystémy, vratane otazok
efektivneho manazmentu poziarom devasto-
vanych uzemi. RieSenie takejto problematiky
vyzaduje aktualizovat’ doposial’ zavedené pos-
tupy vyskumu a tieto rozsirit’ aj o problemat-
iku vyskumu v laboratornych podmienkach.

2 PrehPad problematiky a diskusia

Vplyv poziarov na fyzikalno-chemické a bi-
ologické parameter pod je determinovany in-
tenzitou a diZkou trvania transferu tepla do pody
[8]. Biologické zmeny v pode sa spustaju pri
nizkych teplotach a v najvrchnejSich pddnych
horizontoch v intervale 40-121 °C [9], pricom
teploty dosahované na povrchu pdd pri lesnych
poziaroch st v rozmedzi 200-300 °C [10],
v krovinatom uzemi 500-700 °C, zatial’ ¢o na
ltkach a pasienkoch v rozsahu 200-300 °C [9].
Zmeny v podach sposobené poziarom zavisia
od dosiahnutej teploty a ¢asovej diZky jej poso-
benia.

Urcenie maximalnej teploty poziaru je po-
trebné nielen z pohladu poznania jej priameho
vplyvu na okolity ekosystém, ale rovnako
dolezité je aj pre efektivny manazment krajiny
postihnutej poziarom [11]. Nakolko vplyv
poziaru na podu je komplexny, $tidium jeho
poOsobenia na pddu sa musi zamerat’ na vsetky
klicové pddne vlastnosti (napr. obsah organ-
ickej hmoty, repelenciu podneho materialu,
zrnitostné zlozenia), ruka v ruke s posobiacimi
faktormi (napr. intenzita a druh poziaru),
nakol’ko opomenutie niektorych z nich méze
viest k chybnej interpreticii ziskanych
vysledkov [12]. V sucasnosti sa ukazuje, Ze naj-
lepSou metodolégiou vyskumu vplyvov pozia-
rov na podu je vyskum uskutoctovany v la-
boratornych podmienkach, nakol’ko iba v tomto
pripade je mozné kontrolovat’ teplotné a ca-
sové vplyvy na priebeh procesov v pddach [13],
a takto ziskané Udaje  konfrontovat
s vysledkami ziskanymi pri terénnych pracach
v poziarom postihnutych lesnych ekosys-
témoch [12]. Aplikované metody laborator-
neho vyskumu vplyvov poziarov na pddu su
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500 and 550 °C, which result in study of per-
centage changes in the weight of the combusted
material, ash colour changes, CaCOs concentra-
tion, Ph values, electric conductivity (EC) val-
ues and nutrient elements (Ca2+, Mg2+, K+
a Na+) contents in ash leachates [14] obtained
by combusting qualitatively various litter-fall
types from various tree species. Processing of
these data will provide information of how the
litter-fall combustion can affect the forest soil
threats by erosion, how ash substances can in-
fluence the soil aggregates stability and on the
maximum temperature of organic material
(OM) combustion [15].

Much more intricate is study of the fire im-
pacts on the soil itself, as the research results
obtained at low fire intensities or during specific
fire types (crown fire) manifest that there have
been no significant changes to the soil proper-
ties [8]. On the other hand, there have been doc-
umented several cases showing that the temper-
ature changes induced by fire-heat improved
stability of soil aggregates, such as due to ther-
mal fusion of soil particles or due to re-crystal-
lisation of the soil mineral components, partic-
ularly clay minerals [16]. Another possible con-
tributing factor is the condensation of hydro-
phobic substances into bigger aggregates [17].
It is, however, necessary to note that in most
cases, certain soil properties related to the soil
particles aggregation are directly influenced by
heat released during fires. In case of OH con-
tent, there has been found [18] that the soils with
OH as the principal compaction material for soil
aggregates creation manifested improved ag-
gregates stability under heating until 170 °C,
followed by a decrease starting from 220 °C.

Soil water repellence (WR) is also sensitive
to the heat released at fires [19]. The research
[20] has confirmed an increase in WR values
over a temperature interval of 175-200 °C, and
conversely a WR decrease over 270-300 °C.
There has also been identified certain soil pa-
rameters, such as clay fraction content and spe-
cific mineral composition of hygrophilous soil,
suspect to back up the repellence values un-
changed during fires [21, 22].
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zalozené na analyzovani teplotnych procesov
pri spalovani organickej hmoty (hlavne opadu)
pri teplotach 150, 200, 250, 300, 350, 400, 450,
500 a 550 °C, vysledkom ktorych je §tadium %
zmien v hmotnosti spalovaného materialu,
zmena farby popoloviny, zmena koncentracie
CaCOs, pH, elektrickej vodivosti (EC) a nu-
triénych prvkov (Ca2+, Mg2+, K+ a Na+) vo
vyluhoch z popoloviny [14] ziskanej zo spal’o-
vania kvalitativne rozdielnych druhov opadu z
roznych drevin. Spracovanim takto dostupnych
udajov mozno ziskat informacie o vplyve
spalovania opadu na ohrozenost’ lesnych pod
erdziou, vplyve popolovin na stabilitu pddnych
agregatov, ako aj o maximalnej teplote spalo-
vania OH [15].

Zna¢ne komplikovanejsia je Studia vplyvu
poziarov na samotnt pddu, nakol’ko na zaklade
terénnych pozorovani pri slabej intenzite
poziaru, resp. pri Specifickych druhoch poziaru
(napr. korunovy poziar) ¢asto nedochadza k
vyznamnym zmenam podnych vlastnosti [8].
Na strane druhej existuje viacero zdokumento-
vanych pripadov, kedy teplotné zmeny vyvo-
lané poziarom spdsobujii zvySenu stabilitu
pddnych agregatov, napr. v dosledku teplotnej
fuzie pddnych Ciastociek, ako aj rekrystalizacie
minerdlneho podielu pod, osobitne pre-
dovSetkym ilovych mineralov [16]. Na
uvedenych skuto¢nostiach sa moze podielat’ aj
kondenzacia hydrofébnych substancii do
vicsich agregatov [17]. Avsak, je potrebné zdo-
raznit, ze vo vacsine pripadov niektoré pddne
vlastnosti suvisiace so spajanim podnych Cias-
tociek su priamo ovplyvnené teplom uvoliiova-
nym pri poziaroch. V pripade obsahu OH bolo
zistené [18], Ze v podach, v ktorych je OH hlav-
nym cementacnym materidlom pddnych agre-
gatov, zahrievanie pod do cca 170°C zvy-
Sovalo stabilitu agregatov, kym pri teplotach
nad 220 °C dochadzalo naopak k poklesu tohto
ukazovatela.

Repelencia pdd je taktiez citliva na teplotu
uvolnovant pri poziari [19]. Vyskum [20] pot-
vrdil, Zze v teplotnom intervale 175-200 °C
dochadzalo k narastu hodnét WR, kym naopak,
jej pokles nastaval pri 270-300 °C. Taktiez sa
zistilo, Ze niektoré pddne parametre, ako napr.
obsah ilovej frakcie a Specifické mineralogické
zlozenie hydrofilnych péd mézu byt zodpov-
edné za skuto¢nost’, Ze u takychto pod nedocha-
dza pri poziaroch k zmene repelencie [21, 22].
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Remarkable is a positive correlation between
the soil water repellence and the soil aggregates
stability [12, 19, 21, 23], due to release and sub-
sequent condensation of hydrophobic sub-
stances on the soil aggregates surface.

The fire-induced soil mineral transformation
takes place at gibbsites at about 200 °C [24] in
case of goethite, at about 300 °C in case of hem-
atite [25] and from 500 to 700 °C in case of ka-
olinite [26]. The fire-induced soil aggregation
leading to improving the soil aggregations sta-
bility is frequently caused by the decomposition
od clay materials [16] and at temperature > 500—
600 °C, these processes can induce changes to
the soil grain structure [27, 28].

The analysis of the results obtained in labor-
atory-controlled experiments with fires on for-
est soils indicates existence (Table 1) of a “void
space” in this area, concerning two substantial
issues:

e Combustion processes relating to organic
matter from organic horizons of forest soils,
comprising, unlike the homogenised litter-
fall material, also the material from the un-
derstorey and grassy material of varied spe-
cies composition and different humification
grades,

e Leachates of ash substances interacting
with mineral fractions from the fire-modi-
fied soils, which can modify substantially
the soil properties caused by the direct fire
impact.

It becomes evident, however, that the “per —
partes” analysis of the litter-fall combustion
processes and the heat-induced transformation
processes running in soil can only provide the
knowledge base for recognising the immediate
and direct fire-induced effects on soils and OM;
nevertheless, such analysis does not provide so-
lutions for problems connected with the subse-
quent “post-processing” soil modifications — in-
teractions between the leachates from the ash
materials and the fire-affected soil. This is the
only possible way how to assess the fire impacts
on forest ecosystems over longer time periods
and how to optimize remediation measures, if
any, for restoring the complete functionality of
forest ecosystems.
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Pozoruhodné je zistenie o pozitivnej kore-
lacii medzi repelenciou pod a stabilitou
pddnych agregatov [12, 19, 21, 23] sposobené
uvolfiovanim a néaslednym kondenzovanim hy-
droféobnych substancii na povrchu pddnych
agregatov.

Minerélna transformacia pdd vplyvom pozi-
arov prebicha pri gibbsite pri cca 200 °C [24] u
goethite transformacia na hematite sa odohrava
pri cca 300 °C [25] kaolinite v rozmedzi 500 az
700 °C [26]. Agregacie pod pri poziaroch
vedica k rastu stability pddnych agregatov je
Casto zapri¢inend dekompoziciou ilovych
mineralov [16] pri¢om tieto procesy mozu ¢asto
viest’ pri teplotach > 500 - 600 °C k zmene zrni-
tostného zlozenia pod [27, 28].

Analyza vysledkov prac laboratérneho
vyskumu poziarov na lesnych pédach naznacuje
(Tab. 1), ze v stiéasnosti existuje v tejto oblasti
“biele tizemie”, ktoré sa dotyka dvoch zasad-
nych oblasti:

e Problematiky procesov spalovania organic-
kej hmoty z organickych horizontov les-
nych pdd, ktoré na rozdiel od spalovania
materialovo homogénneho opadu pozosta-
vaju aj z materialu podrastu a travovin roz-
neho zloZenia v r6znom stupni humunifika-
cie,

e Problematiky interakcie vyluhov z popolo-
vin s minerdlnym podielom poZiarom po-
zmenenych pod, ktoré moézu v zasadnej
miere modifikovat’ pddne vlastnosti pod-
mienené priamym posobenim poZiaru.

Ukazuje sa totiz, ze “per—partes” analyza
procesov spal’ovania opadu a transformacnych
procesov Vv pode, podmienenych poziarom ve-
die len k poznaniu okamzitych a priamych efek-
tov poziarov na OH a pddu, ale neriesi otazky
suvisiace s dalSimi “post-procesingovymi”
zmenami v podach - interakciou vyluhov z po-
polovin s poziarom postihnutou pddou. Je
zrejmé, ze jedine takymto spésobom je mozné
zhodnotit’ vplyv poziarov na lesny ekosystém v
dlh§om c¢asovom rédmci a optimalizovat’ pri-
padné remediacné opatrenia na obnovu plnej
funkcionality lesnych ekosystémov.
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3 Conclusion

The causal link fire — forest ecosystem needs

parallel solving of the problem concerning the
prevention of fire outbreaks in forest environ-
ment and the problem of immediate and delayed
impacts of the fire on the forest ecosystems —
based on the interactions between the leachates
from ash substances and the fire-affected soil.
Considerable promises have been offered
thanks to the methodology used in the labora-
tory — controlled experiments.
Implementation of these approaches will enable
to recognize the temporal-spatial dimensions of
transformation processes causing the changes in
the hydro-physical, hydrological and soil-chem-
ical parameters of the fire-affected forest soils,
influencing the land vulnerability against ero-
sion and this land hydrologic regimen over the
affected area. Only such knowledge will enable
an effective control of adaptation and remedia-
tion measures implemented in forest-fire-af-
fected areas.
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3 Zaver

V kauzalnom retazci poziar-lesny ekosys-
tém je potrebné subezne rieSit’ problematiku
prevencie vzniku poziarov v lesnom prostredi
s problematikou priameho, ako aj nasledného
vplyvu poziarov na lesny ekosystém podmiene-
ného interakciou vyluhu z popolovin s pozia-
rom postihnutou pédou. Vel’ké moznosti v tejto
oblasti pontika zavedena metodologia labora-
torne kontrolovanych experimentov. Aplika-
ciou takychto postupov bude mozné poznat’ ¢a-
SOVO-priestorovy rozmer transformacnych pro-
cesov zmien hydrofyzikalnych, hydrologickych
a pedochemickych parametrov lesnych pod za-
siahnutych poziarom, ovplyvilujicich zranitel-
nost’ uzemi voéi pdsobeniu erdzie a hydrolo-
gicky rezim v takomto izemi. Az na zaklade
takto ziskanych poznatkov bude mozné efek-
tivne riadit’ adaptacné a remedia¢né opatrenia
v uzemiach zasiahnutych lesnymi poziarmi.
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