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Abstract. Heavy Metals (HM) in great amounts in soil and water resources can cause coercive effects in the environment
and human health. Ash contains high quantities of HM that depend on combusted species, type and part burned and soil
characteristics. After a fire, the HM released from ash can lead to a soil solution and water resources contamination. This
liberation of HM in solution can be highly variable across the affected area. This work pretends to study the spatial varia-
tion of the HM — Aluminium (AI**), Manganese (Mn*"), Tron (Fe*") and Zinc (Zn**) — in a Quercus suber and Pinus pinas-
ter stand affected by a wildfire in Portugal, applying some interpolation methods. The results showed that on average
across the plot, AI’* was the HM released in higher quantities and Zn*" in lower. The higher variability was observed in
Zn*" and in Fe**. The interpolation methods assessed showed that polynomial regression (PR) method was the more accu-
rate to predict the distribution of the HM across the plot. AI** and Mn>* showed a rise in their concentration from south
towards north section of the plot, and Fe** and Zn*" a decrease from northwest to southeast section of the plot. The libera-
tion of AI** and Mn*" is related with species burning severity, and Fe*" and Zn>" with plot topography. The fire evolution
across the plot and the consequent rising temperatures can have higher impacts than burned species in HM spatial variabil-
ity. Over time, with the decreasing ash pH, HM will become more mobile and will be released in soil solution, with poten-

tial coercive effects in the environment.
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1. Introduction

Heavy metals (HM) occur naturally in soil, normally in
low amounts, as result of weathering or other pedogenic
processes acting on geological bedrock, where soils de-
velop. Some of them are fundamental to plants, however,
in excessive amounts (because of their toxic properties)
they could have coercive effects on human and ecosys-
tems health (Alloway 1994; van der Voet et al. 2000;
Vasarevi¢ius and Greicitté 2004; Paliulis 2006; Idzelis et
al. 2007; Baltrénaité and Butkus 2007; Jankauskaité et al.
2008; Jaskelevi¢ius and Lynikiené 2009; Jankaité 2009).
After a wildfire, the remained ash is mainly com-
posed of oxides and hydroxides of base cations, espe-
cially calcium, magnesium, and potassium, but also silica
and phosphorous, and is characterized by a high alkalin-
ity (Etiegni and Campbell 1991; Khanna er al. 1994).
Nevertheless, ash contains also variable amounts of HM
that could induce toxicity in soil solution and water re-
sources (Ignatavicius et al. 2006; Nieminen et al. 2005;
Pitman 2006). The organic matter mineralization induced
by fire, led substantial amount of HM ready to transport,
and this could be a source of soil contamination. The
amount of HM available and released from ash, depend-
ing on species, type and part burned, soil type and tem-
perature reached during the fire (Someshwar 1996;

Pereira et al. 2009). Hence, after a wildfire, due to differ-
ent species composition, the amount of biomass and to-
pographic characteristics — that influences burning
temperature — the HM released from the ash is certainly
much variable.

One of the most important problems in geosciences
is the spatial prediction of variables (Babak and Deutsch,
in press). This problem is known as spatial interpolation
and has been studied using several methods. Many con-
flicting reports have been published, concerning about
the use of base statistics to predetermine interpolation
methods and their parameters (Zimmerman et al. 1999;
Robinson and Metternicht 2006). Numerous studies have
compared the accuracy of interpolation methods, espe-
cially with geostatistical methods (Goovaerts 2000;
Schloeder et al. 2001; Triantafilis et al. 2001; Erxeleben
et al. 2002; Vicente-Serrano et al. 2003; Pardo-Iguzquiza
and Chica-Olmo 2005; Diodato and Ceccarelli 2005;
Scull et al. 2005; Robinson and Metternicht 2006; Sim-
bahan er al. 2006; Yilmaz 2007; Luo et al. 2008;
Xiaowei et al. 2008; Yasrebi et al. 2009; among others).
Also, other studies have been made about the spatial
variability of soil properties, with interpolation methods
(Goovaerts 1998; Facchinelli et al. 2001; Baxter et al.
2003; Cetin and Kirda 2003; Castrignano and Buttafuoco
2004; Liu et al. 2004; Baxter and Oliver 2005; Corstanje
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et al. 2006; Jalali 2007; Boruvka et al. 2007; among oth-
ers), but only some about the effects of fire (Robichaud
and Miller 1999; Gimeno-Garcia et al. 2004; Outeiro et
al. 2008). There is a lack of reports in international litera-
ture about the spatial variability of the effects of fire on
ash nutrient release. In order to fill this gap, the aim of
this study is assess the accuracy of various well-known
interpolation techniques for mapping the spatial variabil-
ity of HM— Aluminium (AI’"), Manganese (Mn*"), Iron
(Fe*") and Zinc (Zn*") — released from ash after a wildfire
in a plot dominated by Quercus suber and Pinus pinaster.

2. Data and methodology

2.1. Study site, sample collection and laboratory
analysis

The wildfire occurred near Lisbon region (Portugal)
(Fig. 1) at July 30 2007 and affected an area of +40,
dominated by Pinus pinaster and Quercus suber trees.
Inside this area, we designed a plot with 9x27 m (Fig. 2)
where the fire effects were more homogenous and we
collected 40 ash samples in soil surface four days after
the fire. Coordinates of the sample points were took with
GPS. In the studied plot the fire evoluted from west to
east.

1 gr of ash of each point were mixed with 40 ml of
deionised water (1:40) during 24 hours and then filtered
though a Whatman 0.45 ym pore size filter QMA quartz
fibre. The solution was analysed by inductively coupled
plasma mass spectrometry (ICP-MS) with a PerkinElmer,
model Elan-6000 Spectrometer, and by optical emission
spectrometry (OES) with the, PerkinElmer Optima 3200
RL Spectrometer.

Casal do
Sapo !mdﬁre

Atlantic Ocean

Portugal

Setubal

@ Major cities 0_100km

W Wildfire place

Fig. 1. Location of the wildfire area
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Fig. 2. Plot topography and sample points

2.2. Statistical analysis

To observe the amount and variability of HM released
from the ash, we analyzed some descriptive stats (mean,
standard deviation, coefficient of variation (CV%), mini-
mum, 25" percentile, median, 75t percentile, maximum,
skewness and kurtosis). Before modelling data, we tested if
the data followed the Gaussian distribution applying the
Shapiro-Wilk test (Shapiro and Wilk 1965) and conside-
ring data normaly distributed at p >0.05. If the original
data do not respect the normal distribution, we applied a
normal logarithmic (Ln) data transformation and tested
again if this transformed data followed the Gaussian distri-
bution. Ln transformation is widely applied to normalize
positively skewed data sets (McGrath et al. 2004). In this
study, AP’ (Fig. 3a) and Mn*" (Fig. 3b) followed the nor-
mal distribution with the original data and Fe*" (Fig. 3c, d)
and Zn*" (Fig. 3e, f) only after the Ln transformation. The-
refore, we used to test the performance of the interpolation
methods in analysis, the original data of AI’" and Mn*",
and the Ln transformed data of Fe*" and Zn”. This lack of
data normality was also found in other studies about soil
HM spatial distributions (McGrath et al. 2004; Liu et al.
2004; Hooker and Nathanail 2006).

2.3. Interpolation methods

Interpolation methods differ in their assumptions, local or
global perspective, and deterministic or stochastic nature
(Luo et al. 2008). To observe the spatial data distribution,
we selected several interpolation methods, that use
known data values to estimate unknown data values
(Yilmaz 2007), Kriging method (K), Inverse Distance
Power (IDP), Nearest Neighbour (NN), Local Polynomial
(LP) and Polynomial Regression (PR).

K method is a stochastic technique that uses a linear
combination of weights at known points to estimate the
value at an unknown point and it is very popular in many
fields (Surfer 8 Manual 2006; Luo et al. 2008). K is re-
garded as an optimal spatial interpolation method, which
is a type of weighted moving average:

A N
Z(so) = 2N Z(s), M
i=1

where: Z (s;) is the measured value at the ith location, A;
is an unknown weight for the measured value at the ith
location, sy is the prediction location and N is the number
of measured values.

IDP method is a weighted average interpolator, and
can be either an exact or a smoothing interpolator. Data
are weighted during interpolation such that the influence
of one point relative to another declines with distance
from the grid node. Weighting is assigned to data through
the use of a weighting power that controls how the
weighting factors drop off as distance from a grid node
increases (Surfer 8§ Manual, 2006). This method is calcu-
lated according to the formula:
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where: Ay is the effective separation distance between
grid node j and the neighboring point i, Z; is the interpo-
lated value for grid node j, Z; are the neighboring points,

dy is the distance between the grid node j and the
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neighboring point i, B is the weighting power (the power
parameter) and & is the smoothing parameter.

NN gridding method assigns the value of the nearest
point to each grid node. This method is useful when data
are already evenly spaced. Alternatively, in cases where
the data are nearly on a grid with only a few missing
values, this method is effective for filling in the holes in
the data.

LP gridding method assigns values to grid nodes by
using a weighted least squares fit with data within the
grid node's search ellipse. Also is a moderately quick
deterministic interpolator that is inexact (Surfer 8§ Manual
2006; Luo et al. 2008).
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PR method is mainly used to define trends in data
and it is not really interpolator because it does not attempt
to predict unknown Z values. In this work we applied a
simple linear surface based on the formula:

Z(X,Y)=A+Bx+Cy. )

Cross validation was used to evaluate the perfor-
mance of each interpolation method. This was achieved
removing temporarily one observation at a time from the
data set and “re-estimate” this value from the remaining
data applying using the alternative algorithms. This pro-
cedure was repeated for all observations in data set. The
cross validation allows us to assess the quality of the
gridding method (Goovaerts 2000; Erxleben et al. 2002;
Surfer 8 Manual 2006). Is an excellent scheme for sol-
ving inconvenience of redundant data collection, and all
collected data can be used for estimation (Webster and
Oliver 2001). In the cross validation procedure the true
values were subtracted from the estimated values. The
resulting residuals from this process were evaluated in
order to access the accuracy of the methods. This process
allowed the mean error (ME) and the root mean square
error (RMSE) test statistics to be calculated for each in-
terpolation method considered in this study. The ME and
RMSE formulas are:

N A
2lzCs)—z(s)],

ME = i
NS

(6))

1 N A )
RMSE = =3 [z(s;) = z(s)]” - (6)
Nia

The ME calculates the bias of the model and should
be close to 0.Robinson and Metternicht 2006). The
RMSE is an indicator of the sensitivity to outliers, iden-
tify the magnitude of extreme errors and it is low when
there is a central tendency and extreme errors are small
(Ashraf et al. 1997; Nalder and Wein 1998). RMSE was
applied to compare the different interpolation methods by
seeing how predicted values are close to observed values.
The method with the smaller RMSE is the best predictor.
The differences between observed and predicted means
were tested with a s-fest for paired samples, statistically
different at 95%. Statistical analyses were performed in
Statistica 6.0 (Statsoft, inc.) and interpolation methods
tests in Surfer 8.0 (Golden Software).
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3. Results and discussion
3.1. Descriptive statistics

The statistical results of the HM released from ash in
solution are summarized in the Table 1. We observed on
average that AI’ is the ion in higher amount in the solu-
tions and Zn>" the less. The CV% of Fe*" and Zn*" were
of 100.53 and 88.80, respectively, and higher than AI’*
and Mn”" suggesting a greater spatial variability. The
range of A" varies from 0.61 to 31.24 mg/l, Mn*" from
0.39 to 10.12 mg/l, Fe*" from 1.63 to 53.55 mg/l and Zn**
from 0.08 to 0.49 mg/I.

3.2. Interpolation methods assessment

Table 2 a, b, ¢ and d presented the results of interpolation
tests of HM in study. The results obtained from the cross
validation procedure showed that in all methods, the ME
was small, and close to 0, especially in PR. It should be
noted that the negative ME suggest that the methods of
prediction applied in this study overestimate the variables
(observed<predicted). We observed this situation in K
and LP in AI’", K and IDP in Mn*", K, IDP and NN in Ln
(Fe*") and in IDP in Ln(Zn?").

In all models considered, PR presented the lower
RMSE values and NN the higher. This means that the PR
is the best method to interpolate these surfaces and NN
the less accurate. The results obtained from the #-test
mean comparison, also revealed that in PR, the observed
values and predicted values had lower differences in all
HM in study. In opposition, in NN this differences were
higher (with exception of Ln(Fe*")). The differences be-
tween observed and predicted were non significant at a
p<0.05 in all considered methods (Table 2a, b, ¢ and d).

The interpolated maps of the most accurate method,
are showed in the Figure 4a, b, c and d. We observed that
AP"and Mn”", showed an increasing trend from south
part towards north of the plot. In Fe*(Ln) and Zn**(Ln)
we identified a different trend, from northwest to south-
east of the plot. These differences can be a result of the
effects of burning temperatures on fire severity, the influ-
ence of topography on fire evolution across the plot and
how each metal response to fire temperature and severity.

Table 1. Descriptive statistics of the metals in study released from ash. m (mean), SD (standard deviation), Coefficient of variation
(CV%), Q1 (25th percentile), M (median), Q3 (75" percentile), S, (skewness), K, (kurtosis) and SW (Shapiro-Wilk test).

Data in mg/1 (n = 40)

Metals m SD CV% min Q1 M Q3 max Sk K, SwW
AP 12.51 7.01 56.04 0.61 7.79 12.70 16.48 31.24 0.62 0.92 .630
Mn* 4.25 1.76 4141 0.39 3.05 4.14 4.95 10.12 0.76 2.22 151
Fe** 9.38 9.43 100.53 1.63 4.53 6.36 10.76 53.55 3.44 13.50 .000
Fe’*(Ln) 1.97 0.67 34.01 0.49 1.51 1.85 2.38 3.98 0.79 1.53 .072
Zn* 1.25 1.11 88.80 0.08 0.49 1.07 1.61 5.33 2.04 5.32 .000
Zn*(Ln) —0.16 0.97 -606.25 -2.53 -0.72 0.07 0.47 1.67 -0.57 —0.04 125
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Table 2. Results of the ME and RMSE from cross validation
procedure and observed vs. predicted #-test means
comparison, significant at a p<0.05. A" (b) Mn*" (c)

Ln(Fe?*) (d) Ln(Zn*") (n = 40)

a)
Method ME RMSE Obs vs. pre
K —0.010695 4.915898 0.991
IDP 0.229910 4,640104 0.817
NN 0.565000 6.161000 0.647
LP —0.389867 4.742168 0.691
PR 0.000000 4.639950 1.000
b)
Method ME RMSE Obs vs. pre
K —0.008544 1.471181 0.977
IDP —0.009531 1.336493 0.973
NN 0.245000 1.755000 0.499
LP 0.014692 1.374928 0.958
PR 0.000000 1.188208 1.000
c)
Method ME RMSE Obs vs. pre
K —0.006380 0.513509 0.949
IDP —-0.023276 0.503371 0.821
NN —0.004397 0.655735 0.972
LP 0.054860 0.513261 0.581
PR 0.000000 0.479035 1.000
d)
Method ME RMSE Obs vs. pre
K 0.018829 0.826902 0.910
IDP —0.030229 0.746002 0.844
NN 0.194576 0.895131 0.307
LP 0.025374 0.750341 0.875
PR 0.000000 0.705427 1.000

The fire severity was higher in the southern part of
the plot and lesser in the northern part. This can be a
result of the major dominance of Pinus pinaster trees in
this area (Pereira et al. 2008a). Some studies identified
that Pinus species are more flammable than Quercus
species (Guijarro et al. 2002; Liodakis and Kakardakis
2006), due the higher presence of volatile components
(oils) (Dimitrakopoulos and Papaioannou 2001). Nuiiez-
Regueira et al. (1996) observed that Pinus pinaster have
higher calorific values and as consequence higher flam-
mability. Ubeda et al. (2009) founded that at same fire
temperatures, the severity is higher in Pinus ash in com-
parison with Quercus ash.

The ash produced at higher temperatures or in se-
vere wildfires, have high pH values (Etiegni and Camp-

bell 1991; Khanna ef al. 1994; Henig-Sever et al. 2001)
and inhibited the solubility of HM Also, high tempera-
tures of combustion, often observed in wildland fires,
produced ash rich in CaCOj; (Ulery et al. 1993; Goforth
et al. 2005; Pereira et al. 2008a). This mineral have the
capacity of HM sorption in his surface (when in solution)
mainly at high pH values (Etiegni and Campbell 1991;
Demeyer et al. 2001; Chirenge et al. 2006, Ettler et al.
2006; among others). This mechanism can explain why
we identified higher AI’" and Mn®" content in solution
where fire severity was lower.

On the other hand, plot topography can play an im-
portant role in fire behaviour. When the fire spread up a
hill (as we observed in this study) the fuels are preheated
prior the combustion. The fire spreads faster, and the
temperatures reached are higher, producing also higher
severities, depending on the amount part and type of
vegetation combusted (Viegas 2004; Linn et al. 2007;
Maingi and Henry 2007). This interaction between fire,
topography and the increasing temperatures in their evo-
lution, can explain the decreasing trend upslope in Fe*
and Zn*",

The fire induced a higher variability in Fe*"and Zn**
spatial distribution in comparison with AI’* and Mn*"
This means that plot topography can induce a bigger
heterogeneity in HM distribution than burned species.
The effect of terrain characteristics in burned severity
and higher variability of nutrients released were also
pointed out by Lorca and Ubeda (2004).

We observed different spatial distribution of HM re-
leased across the plot. These responses are consequence
of the temperature reached and the burned specie. Studies
elaborated by Pereira er al. (2008b), showed that AI* and
Mn*" have different responses of Fe*" and Zn*', to fire
temperatures. The first elements are released in substan-
tial amounts at reduced fire temperatures — especially
AP from Quercus suber ash and Mn*" from Pinus ash —
that could occur in some parts of this plot. On the con-
trary, the impact of fire temperatures in Fe’" and Zn*'
released from ash is a reduction in their concentration in
solution in both species. This can explain why the stud-
ied HM has different behaviours, in their distribution and
trends across the plot.

The solubility of AlI’’and Mn®" are related with the
burned specie and Fe*" and Zn*" with the evolution of fire
temperatures across the plot. In these last HM, the effects
of rising temperatures reduces their content in solution
(Pereira et al. 2008b).

Future problems may occur when ash pH decreases,
with leaching of macroelements over time. These HM
before inhibited of solubilisation, will become more mo-
bile, can rise in soil solution and became more available
to plants, but also provoke a higher soil toxicity and envi-
ronment degradation.

4. Conclusions

1. The ashes produced in this wildfire released more
AP" and less Zn*".The major spatial variation was ob-
served in Fe*" and Zn®" and this means that the variability
of these elements across the plot is higher.
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2. When comparing with the other interpolation
methods, the results of this work indicate that PR was the
method most likely to produce the best estimation of all
variables across the plot. This method allowed us to ob-
serve spatial distribution and trends of HM. In contrary,
NN, presented in all HM tested the larger differences
between observed and estimated (with exception of
Ln(Fe?")).

3. The amount of Al’’and Mn*" released from the
ash, is related with the species distribution across the plot
and burning severity. Fe’" and Zn*" concentrations in
solution depend on other biophysical features as plot
topography.

4. Fire spread upslope and consequent rising tem-
peratures, induce a higher spatial variability in HM, than
burned specie severity.

5. Further research is recommended and need evalu-
ate the effect of fire in HM dynamic over the time and
test other geostatistical methods in the evaluation of HM
spatial distribution released from ash.
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PO GAISRO IS PELENU ISSISKIRIANCIU SUNKIUJU METALU ERDVINIS PASISKIRSTYMAS

P. Pereira, X. Ubeda

Santrauka

Dideles sunkiyjy metaly (SM) koncentracijos dirvozemyje ir vandenyje gali sukelti pavojy aplinkai ir Zmogaus sveikatai.
Pelenuose aptinkamos didelés SM koncentracijos, kurios priklauso nuo sudegusio medzio rasies, tipo, sudegusios medzio
dalies ir dirvozemio savybiy. Po gaisro i§ peleny pasiSalinantys SM patenka i dirvozemio tirpala ir gali sukelti vandens i$-
tekliy tar$a. SM iSsiskyrimas i$ peleny teritorijos plote gali kisti. Darbe taikant interpoliacinius metodus tiriama SM —
aliuminio (AI*"), mangano (Mn*"), geleZies (Fe*") ir cinko (Zn*") — pasiskirstymas teritorijoje po Quercus suber ir Pinus
pinaster miSko gaisro Portugalijoje. 1§ rezultaty matyti, kad nagrin¢jamoje teritorijoje vidutiniskai didziausios koncentra-
cijos pasiskirste AI**, o maZiausios — Zn>*. Didziausi koncentracijy poky¢iai buvo biidingi Zn" ir Fe*". I¥ taikyty interpo-
liaciniy metody, prognozuojant SM pasiskirstyma teritorijoje, tikslesnis buvo polinominés regresijos metodas. A" ir
Mn?* koncentracijy padidéjimas nustatytas i¥ pietinés teritorijos dalies Siaurinés link, o Fe*" ir Zn*" — sumazéjimas i3 Siau-
rés vakary dalies pietrytinés teritorijos dalies link. AI*" ir Mn*" i§siskyrimas i§ peleny priklausé nuo gaisro intensyvumo, o
Fe*" ir Zn*" — nuo teritorijos topografijos. Gaisro intensyvumo poky¢iai teritorijoje ir su tuo susijes temperatiros kilimas
gali turéti didesnés itakos SM pasiskirstymui teritorijoje negu sudegusiy medziy risys. Laikui bégant ir kintant peleny pH,
SM tampa judresni, tad gali patekti i dirvozemio tirpala, sukelti pavojy aplinkai.

ReikSminiai ZodZiai: sunkieji metalai, pelenai, Quercus suber, Pinus pinaster, erdving variacija, interpoliacijos metodai.

PACIIPEAEJIEHUE B MPOCTPAHCTBE TSAXKEJIBIX METAJIJIOB, BBIJAEJISIEMBIX INOCJIE IMOKAPA
M3 30JIbI

II. Iepeiipa, L1I. Y6ena
Pesome

Bonpme konnenTpanun Tsokensix MetamioB (TM) B mouBe u Boje MOTyT OBITH OMACHBI IS OKPYXKAIOIIEH Cpemsl U
3710poBbs Jojeit. bonbiine koHueHTpaurun TM, BbliensemMble MOCe MoXapa M3 30JIbI, 3aBUCAT OT BHIA, THUIA, YacTH
CropeBLIEro jaepeBa M CBOWCTB mouBbl. TM momajgaloT B MOYBY M MOTYT BbI3BaTh 3arps3HEHHME IMOA3EMHBIX BOIL.
Beienenre TM 13 30161 Ha TUIOIIAM TEPPUTOPHH MOKET MEHAThCS. B craTbhe paccMarpuBaioch pactpesesneHue mnocie
T0%kapa Ha TeppUTOpHH B ITOPTYraiMm TAaKMX TSOKEbIX METaIoB, Kak amomunnii (AP), mapramen (Mn®"), sxeneso
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(Fe*") ir mmuk (Zn®"). C 5Toif Leblo NPUMEHSITHCH METOIB MHTEPIIONALMH. M3 pesy/bTaToB aHanu3a BUIHO, 4TO HA
VICCIIELYeMOM TEPPUTOPHM B CPEIHEM HAMOOIBIINMK ObLH KoHLeHTpammn A, a nanmensmmmu Zn?". HanGombimum
M3MEHEHHUAM ToJBepramich komnentpaumn Zn°' u Fe?'. W3 NpUMEHSBIIMXCS METOJIOB MHTEPHONIMM METO
I0JTMHOMMHAJIbHOM perpeccuy Gbll Haubolee TOYHBIM JUIA IIPOrHO3a pacnpenenenus TM Ha teppuropun. s AP u
Mn?" GbIIO XapaKTEpHO yBENMUEHME KOHLEHTPAUMil C I0XHOM TEPPUTOPUH B CTOPOHY CEBEpHOIl uacty, a s Fe®' ir
Zn*" — yMeHpllIeHNE KOHLEHTPALIMIA ¢ CEBEPO-3aIa/IHOM YACTH B CTOPOHY IOI0-BOCTOUHOM Tepputopui. Beinenenne Al u
Mn*" u3 307BI MOCNE MOXKApa 3aBHCENO OT MHTEHCHBHOCTHM Moxkapa, a B ciyuae ¢ Fe’' u Zn*" — or rtomorpadum
TeppUTOpUU. M3MEHEHHEe MHTEHCHBHOCTH M0OXKapa Ha TEPPUTOPUM U B CBS3M C ITUM H3MEHEHHE TeMIEpaTypbl MOXET
oKkasbIBaTh OOJIblee BIMSIHUE Ha pacrpeneiaeHne TM Ha TeppuTOpHMHM, YEM BMJ CrOpEBIIMX JepeBbeB. C TeueHHEM
BpeMeHn 1 u3MeHenreM pH 3o0ibl TM craHoBsTCs G0Jiee MOJABIKHBIMHU, MOTYT IOI3JaTh B MOA3EMHBIE BOJBI U TEM
CaMbIM CO3/1aBaTh YIpo3y AJIsl OKPYKAIOLIEH cpesibl.

KaroueBble cioBa: Tshkenble METaUIbL 3ona, Quercus suber, Pinus pinaster, TIpOCTPAHCTBEHHAs BapHallUs, METOJIbI
WHTEPIIOJISIINN.
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