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Abstract The aim of this work was to examine the

consequences of the wildfire on the differences in quali-

tative and quantitative composition of the soil, and Cu, Pb,

Cd, and Zn levels in the soils and plant species of Gera-

niaceae family at Vidlic Mountain, Serbia. Main soil

characteristics organic matter content, conductivity, redox

potential, pH (H2O), pH (KCl), and chloride content in soil

samples from post-fire areas and from fire non-disturbed

areas were studied. The optimized three-step sequential

extraction procedure was applied to the analysis of Cu, Pb,

Cd, and Zn levels in the soils. Distribution of heavy metals

in aerial parts and roots of examined species was investi-

gated too. For some characteristic parameters of soil, like

conductivity, redox potential, chloride content, the impact

of fire on the soil habitats followed the same trend for all

plants species. Content of copper, lead, and zinc in plant

material derived from post-fire areas was generally greater

than their content in the plants that grew on the area not

exposed to fire. Although the content of cadmium was

generally higher in all fractions of the samples from the

locality not exposed to the fire, content of that metal in the

plant parts was reversed. Most characteristics of soil are

significantly altered as a consequence of fire. Majority of

soil samples from the post-fire area had increased content

of analyzed metals, except cadmium. Fire caused slightly

increased bioavailability of the examined metals. The

biggest difference in the content of the studied metals in

the soil from the post-fire areas and the area not exposed to

fire was in the fraction which includes metals associated

with organic matter.
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Introduction

Wildfires, degrade ecosystems by increasing nutrient and

soil losses through leaching and erosion, are one of the

most widespread factors of ecosystem degradation around

the world. Many forested landscapes experience a natural

disturbance regime dominated by fire. Forest composition

and fire severity are the key determinants of post-fire forest

redevelopment. Fire consumes organic matter and creates

dead wood; thus it can influence nutrient dynamics, pro-

ductivity, and the habitat value of the forest for decades or

centuries. Fire also creates a unique set of environmental

conditions in the short term to which a diversity of biota are

adapted. Indeed, there are plant species that are considered

fire-dependant (Macdonald 2007).

Fires induce changes in soil nutrient balances and bio-

geochemical cycles as a result of biomass combustion and

the increase of runoff and soil erosion because fires lead to

significant removal of soil organic matter, deterioration of

soil structure and porosity, considerable losses of nutrients

through volatilization (Couto-Vazquez and Gonzalez-Pri-

eto 2008).

During wildfire, some carbon compounds could be lost

from the forest floor by volatilization. Also, a rearrange-

ment of carbon moieties occurs within the organic matter,

and refractory carbon forms are synthesized de novo

(Gonzalez-Perez et al. 2004).

V. D. Mitic (&) � V. P. Stankov Jovanovic � M. D. Ilic

University of Nis, Faculty of Science and Mathematics,

Department of Chemistry, Visegradska 33, 18000 Nis, Serbia

e-mail: violetamitic@yahoo.com

S. D. Nikolic Mandic

University of Belgrade, Faculty of Chemistry, Studentski trg

12-16, 11000 Belgrade, Serbia

123

Environ Earth Sci (2015) 73:4581–4594

DOI 10.1007/s12665-014-3744-1



Soil is a variable mixture of minerals, organic matter,

and water capable of supporting plant life on the earth’s

surface. It is the final product of the weathering action of

physical, chemical, and biological processes on rocks,

which largely produces clay minerals. The weathering of

parent rocks and minerals to form the inorganic soil com-

ponents results ultimately in the formation of inorganic

colloids which may be made available to plants as needed.

Inorganic soil colloids often absorb toxic substances in soil

(Manahan 2000).

The organic portion of soil consists of plant biomass in

various stages of decay. High populations of bacteria,

fungi, and animals such as earthworms may be found in

soil. Soil contains air spaces and generally has a loose

texture. The solid fraction of typical productive soil is

approximately 5 % organic matter and 95 % inorganic

matter. Although organic material comprises a relatively

small portion of soil, it plays a key role in many soil

processes. It serves as a source of food for micro-organisms

and influences the physical properties of soil. Some organic

compounds contribute to the weathering of mineral matte.

Heavy metals are natural components of the Earth’s

crust. They cannot be degraded or destroyed and their

presence in the mineral fraction has a great influence on

soil geochemistry. Metals are also present in the organic

fraction, frequently as bound forms, with some metal

recycling occurring as a result of organic matter decom-

position. Furthermore, heavy metals can be involved in a

series of complex chemical and biological interactions.

Trace metals can exist in a variety of forms in composts.

These forms include water soluble, exchangeable, linked to

organic substances, occluded or co-precipitated with oxi-

des, carbonates and phosphates, or other secondary min-

erals and ions in the crystalline lattices of the primary

minerals (Lake et al. 1984; Petruzzelli 1989; He et al.

1992; Iwegbue et al. 2006).

The distribution of metals between the specific forms

varies widely according to the individual metal and the

characteristics of the compost, which depend on the

physical, chemical, and composting process. The most

important factors which affect their mobility are pH, sor-

bent nature, presence and concentration of organic and

inorganic complexing ligands, including humic and fulvic

acids, root exudates, and nutrients. Biotic and abiotic redox

reactions are very important in controlling the oxidation

state and thus, the mobility and the toxicity of many ele-

ments (Violante et al. 2010).

Content of heavy metals in a soil is the result of inputs

of the metal from three different types of sources: the

minerals in the soil parent material (the weathered rock on

which the soil has developed), anthropogenic inputs onto

land, such as pesticides and manures, and deposition from

the atmosphere (largely due to pollution). Heavy metals get

into plants via adsorption which refers to binding of

materials onto the surface or absorption which implies

penetration of metals of metals into the inner matrix.

Plants have evolved highly specific and very efficient

mechanisms to obtain essential micronutrients from the

environment, even when present at low ppm levels. Plant

roots, aided by plant-produced chelating agents and plant-

induced pH changes and redox reactions, are able to

solubilize and take up micronutrients from very low levels

in the soil, even from nearly insoluble precipitates. Plants

have also evolved highly specific mechanisms to trans-

locate and store micronutrients. These same mechanisms

are also involved in the uptake, translocation, and storage

of toxic elements, whose chemical properties simulate

those of essential elements (U.S. Department of Energy

1994).

All metals are toxic at higher concentrations, although

many of them are essential, because they cause oxidative

stress by formation of free radicals. Another reason why

metals may be toxic is that they can replace essential

metals in pigments or enzymes disrupting their func-

tion (Ghosh and Singh 2005).

Lead and cadmium are among the most dangerous

metals that can cause acute and chronic pollution of the

environment. Copper and zinc in increased concentrations

may also cause harmful effects (Blagojevic et al. 2009).

Copper is an essential redox component for the normal

healthy growth and reproduction of all higher plants and

animals because it is required for a wide variety of pro-

cesses, including the electron transfer reactions of respi-

ration (cytochrome oxidase, alternate oxidase) and

photosynthesis (plastocyanin), the detoxification of super-

oxide radicals (Cu–Zn superoxide dismutase) and lignifi-

cation of plant cell walls (laccase) (Fox and Guerinot

1998). It is well known that copper and zinc when present

in low concentrations, are important micronutrients,

required for the activity of various types of enzymes, while

in high concentrations, these two metals become toxic to

plants. Copper, at concentrations higher than 1 lM, is a

potent inhibitor of photosynthetic electron transport

(Mohanty et al. 1989). Zinc is also one of the micronutri-

ents essential for normal plant growth, but only a small Zn

is non-redox active but has a key structural and/or catalytic

role in many proteins and enzymes. So, the amount of Zn is

required (25–150 lg g-1 in dry tissue) (Adriano 1986).

Plants take up zinc in its divalent form. The role of Zn in

cells is based on its behavior as a divalent cation that has a

strong tendency to form tetrahedral complexes. Zn is an

essential catalytic component of over 300 enzymes,

including alkaline phosphatase, alcohol dehydrogenase,

Cu–Zn superoxide dismutase, and carbonic anhydrase. Zn

also plays a critical structural role in many proteins (Fox

and Guerinot 1998).
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Cadmium could cause a transient depletion of GSH and

an inhibition of antioxidative enzymes, especially of glu-

tathione reductase. Available data suggest that cadmium,

when not detoxified rapidly enough, may trigger, via the

disturbance of the redox control of the cell, a sequence of

reactions leading to growth inhibition, stimulation of sec-

ondary metabolism, lignification, and finally cell death.

This view is in contrast to the idea that cadmium results in

unspecific necrosis. Plants in certain mycorrhizal associa-

tions are less sensitive to cadmium stress than non-

mycorrhizal plant (Schutzendubel and Polle 2002).

Although Cd and Pb have no known role as nutrients,

plants readily accumulate them in their system. Some trace

elements, such as Cd and Zn, are rather mobile in soils and

thus readily available for plants, although the uptake

mechanisms are not well known. Trace elements can also

penetrate into the leaves and their amount would depend

upon the metal and plant species. For example, Cd, Zn, and

Cu can penetrate into the leaf, while Pb is mostly adsorbed

to the epicuticular lipids at the surface (Jeliazkova and

Craker 1998).

Lead in soil is classified as a weak Lewis acid, which

implies a strong covalent character to many of the ionic

bonds it forms in soils and plants. Lead present in the soil

is nearly always tightly bound to organic or colloidal

material or in a precipitated form. Although Pb is not an

essential nutrient for plants, majority of lead is easily

taken up by plants from the soil and accumulated in root

while only a small fraction was translocated upward to the

shoots (Patra et al. 2004). At the root surface Pb binds to

carboxyl groups of mucilage uronic acids. Mucilage

binding restricts metal uptake into the root and establishes

an important barrier protecting the root system. Pb inhibits

chlorophyll synthesis by causing impaired uptake of

essential elements such as Mg and Fe by plants (Bur-

zynski 1987). It damages the photosynthetic apparatus due

to its affinity for protein N- and S- ligands (Ahmed and

Tajmir-Riahi 1993). Pb also causes strong dissociation of

the oxygen evolving extrinsic polypeptide of PS II and

displacement of Ca, Cl-, Mn from the oxygen-evolving

complex (Rashid and Mukherji 1991). Lead is available to

plants from soil and aerosol sources. The uptake, trans-

port, and accumulation of Pb by plants are strongly

depended on soil type and plant species, and they differ

significantly with plant species.

Vidlic Mountain is located in the central area of the

Balkan Peninsula, on the northeastern edge between Pirot

and Sofia Valley predominantly in Serbia. The fire on

Vidlic Mountain, caused by human factor, started on 20

July 2007, lasted for 10 days and burned over 2,500 ha of

low vegetation, scrub, and forests (Ministry of Environ-

ment and Spatial Planning 2008). That year, the vegetation

was totally destroyed. After the fire burned out, only a great

amount of dust remained. In the area of beech forests, a

biologically empty space was created. However, next year,

at this place, with new environmental conditions, new

phytocoenoses were formed.

Since the direct effects of fire on soil characteristics

appear to be observable years after disturbance, the aim of

this work was to examine the consequences of the 2007 fire

on the differences in qualitative and quantitative compo-

sition of the soil and plants at Vidlic Mountain. The study

was focused on Cd, Cu, Pb, and Zn, because these metals

are abundant in agricultural soils (Forstner 1995), but at the

same time they can be harmful to the living organisms at

very high concentration. As the representative species in

which content of heavy metals will be analyzed, we

selected plants from Geraniaceae family (Geranium mac-

rorrhizum L., Geranium robertianum L., Geranium bo-

hemicum L.) because mentioned plants were grown at both

sites: on the post-fire area and in natural environment not

affect by fire.

Vidlic is the westernmost part of the mountain system

Stara planina. Stara Planina (translated as ‘‘Old Moun-

tain’’), in other parts also called Balkan Mountain or sim-

ply Balkan, is a tertiary mountain 600 km in length that is

situated in Serbia and Bulgaria, with the larger extent in

Bulgaria. The Serbian part of Stara Planina is positioned on

the Eastern border with the Republic of Bulgaria. On the

Serbian side, it forms a belt that is approximately 100 km

long and between 4 and 30 km wide. The karst plateau in

Vidlic is elongated in the southeastern–northwestern

direction. In contrast to other regions of mountain system,

Stara planina and Mountain Vidlic are represented by

unique geological structure and climate conditions. The

geological structure of the Stara planina mountain is rela-

tively simple, made of two main rock types: the Permian–

Triassic red sandstone, the Triassic limestones and dol-

omites, yet this mountain is a treasury of geological heri-

tage due to the variety of sediments of different ages.

Geological composition of the Vidlic mountain is quite

simple and its basic mass consists of limestones and dol-

omites (Petrovic 1971; Ciric 1989). Geological composi-

tion, tectonic events during the past periods, as well as flora

and fauna are natural factors that have influenced the for-

mation of soil media and its pedological types. The brown

soil on limestone (which is relatively deep soil and if the

limestone is softer and more porous it is deeper) and

skeletal brown soil (which is a shallow and present

incompletely developed land creation) prevail at the sam-

pling area.

The purpose of present study was to investigate the

consequences of the wildfire on soil characteristics

(organic matter content, conductivity, redox potential, pH

(H2O), pH (KCl), and chloride content), and Cu, Pb, Cd,

and Zn content in soil and plant species of Geraniaceae
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family at Vidlic Mountain, Serbia. The above results are

part of comprehensive studies in which the other plant

families were tested in the same manner (Stankov Jova-

novic et al. 2011).

All measurements, which include the parameters of soil

and plants from family Geraniaceae from post-fire area,

were carried out in parallel for the same plants collected

from similar habitats in environment not disturbed by fire,

in order to assess consequences of fire in real time.

Materials and methods

Soil sampling

Soil samples from six sampling points in post-fire areas on

Vidlic Mountain, and areas nearby that were not affected

by fire (natural environment), were collected in the end of

April 2008 using a GPS instrument to establish the exact

coordination points.

The sampling sites lay within an elevation range from

1,080 to 1,100 m.a.s.l. Environmental and geological

characteristics of soil/plant sampling sites are shown in

Table 1. From each sampling points, five soil samples were

gathered and mixed properly to obtain a composite sample

mixture. The soil samples were taken via a soil core

sampler in such a way that the core of the soil was removed

of radius 5 cm and depth 30 cm and placed in labeled

cellophane bags. The sampling tools were washed with

soap and rinsed with distilled water after each sampling. In

the laboratory, bulk soil samples were spread on trays and

were air dried at ambient conditions for 2 weeks. Then, the

samples were grounded by mortar and pestle, sieved

through a 2 mm mesh, and fine homogenized soil powder

stored in tightly closed bottles. Map of the studied area is

shown in Fig. 1.

Table 1 Environmental and geological characteristics of soil/plant sampling sites

Locality Vazganica

Plant species Geranium

macrorrhizum L.

Geranium

macrorrhizum L.

Geranium

bohemicum L.

Geranium

bohemicum L.

Geranium

robertianum L.

Geranium

robertianum L.

Area Natural Post-fire Natural Post-fire Natural Post-fire

Altitude

(m.a.s.l.)

1,100 1,100 1,080 1,080 1,090 1,090

Exposition N NW N N N N

Slope (�) 40 40 30 30 30 30

Geological

pad

Limestone Limestone Limestone Limestone Limestone Limestone

Soil type Skeletal brown soil Skeletal brown soil Brown soil on

limestone

Brown soil on

limestone

Brown soil on

limestone

Brown soil on

limestone

Fig. 1 Sampling area—locations of the Vidlic Mountain
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Plant sampling

Plant samples were collected simultaneously with the soil

samples. Voucher specimens of analyzed plants are

deposited at the Herbarium of the Faculty of Biology,

Belgrade (BEOU) and voucher numbers are 16430 for G.

robertianum L., 16431 for G. macrorrhizum L., and 16432

for G. bohemicum L. Before the analysis, the plant root and

shoot parts were separated, air dried and cut into small

pieces.

Acidity, redox potential, conductivity, organic matter,

and chloride content determination in soil samples

Soil pH was determined in water (pH (H2O)) and 1 M KCl

(pH (KCl)) at the ratio of soil: solution ratio 5 g soil:

25 mL liquid after a 2-h equilibration period.

The electrical conductivity (EC) and redox potential

measurements in samples suspensions (25 mL liquid per

5 g soil) were done after 2 h mixing of soil sample with

deionized water, applying standard conductometric

method.

Organic carbon (OC) concentrations in soil samples

were performed by Walkley–Black acid digestion method

(Walkley and Black 1934) with some modification. A soil

sample (0.5 g) is treated with 10 mL of K2Cr2O7

0.2 mol L-1 and 20 mL of concentrated H2SO4. The

material was heated in a plate and homogenized carefully

until reaching the temperature of 150 �C. After that, the

material was removed from the plate, cooled to room

temperature, and left to rest for 40 min. Later, 50 mL of

distilled water was added and the sample shaken, then

transferred the content into a 100-mL graduated flask and

adjusted the volume, left to rest for 10–15 min, and then

filtrated. The amount of 1 mL of concentrated phosphoric

acid was added to the filtrate, and the extract was titrated

with 0.25 mol L-1 of ammoniac ferrous sulfate solution,

using diphenylamine 0.5 % as indicator. Soil organic

carbon content is calculated from the difference in FeSO4

used between a blank and a soil solution (Pereira et al.

2006).

Total organic carbon is a component of soil organic

matter, and about 58 % of the mass of organic matter

existing as carbon. So, the proportion of organic matter in

the soil sample was estimated as the amount of total

organic carbon in a sample multiply by 100/58 (or 1.72).

Determination of cation-exchange capacity (CEC)

Exchangeable cations were extracted by 0.1 M CH3-

COONH4 (5 g soil per 25 mL solution), allowed it to stand

overnight and filtered. Extraction was continued with three

more portions of 25 mL of ethanol, all filtrates were

merged and made up to 100 mL volume with deionized

water. Concentrations of exchangeable cations were

determined by flame atomic absorption spectrometry. Solid

residue was mixed with 25 mL KCl (pH 2.5) solution,

shaken for 30 min, and filtered into a 100 mL volumetric

flask. Half of the filtrate was transferred into a 250-mL

round-bottom flask, diluted with 50 mL of water, borate

buffer was added, and distillation was performed. The

distillate was analyzed using titrimetry (0.0095 M HCl

standard solution) (Radojevic and Bashin 1999).

Soil samples treatment for pseudo total cation analysis

The total metal contents were determined after ‘‘aqua re-

gia’’ digesting procedure. Exactly weighted soil samples

(1 g) were first submerged with concentrated HNO3

(10 mL), allowed to stay overnight, and then heated to a

small volume. After cooling, 5 mL of the mixture com-

posed of H2O2 (30 %):H2O (v/v) = 3:2 was added and

suspension was evaporated to a small volume. After cool-

ing, 3 mL of H2O2 (30 %) was added and evaporation

continued. After re-cooling, 10 mL of concentrated HCl

was added and the mixture was left overnight. Obtained

digestates were filtered, both the filter papers and residues

rinsed, first with hot HCl and then hot deionized water. The

digestates were then diluted to a final volume of 50 mL in

accordance to the Method 3050B (US EPA 1996).

Sequential extraction of soils

The sequential extractions’ procedures are summarized in

Table 2. The soil samples were consecutively shaken with

these agents at given conditions and obtained suspensions

were centrifuged (2,500 rpm) for 20 min (Quevauviller

1998).

Table 2 Summary of sequential extractions

Procedures Fractions

Step

1

40 mL/1 g of soil extraction with 0.11 M

acetic acid

Extraction time: 16 h, room temperature

Extractible

fraction (F1)

Step

2

40 mL/1 g of soil extraction with 0.5 M

NH2OH�HCl in 0.05 M HNO3

Extraction time: 16 h, room temperature

Reducible

fraction (F2)

Step

3

50 mL/1 g of soil digestion with conc.

H2O2 temperature 85 �C extraction with

1 M CH3COONH4 adjusted to pH 2.0 by

conc. HNO3

Extraction time: 16 h

Organic

fraction (F3)

Step

4

Difference between total content and the

sum of the three previous fractions

contents.

Residual

fraction (F4)
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Plant material digestion for heavy metal analysis

Plant samples were thoroughly washed to remove all

adhered soil particles, and then air dried to a constant mass,

root of each plant was separated from the shoot, and all

parts were cut into small pieces, and finally sieved through

2 mm sieve. Content of heavy metals (Zn, Cu, Cd, and Pb)

in the plant material was determined after acid digestion

(Hoenig 2001; Tuzen 2003).

Instrumentation and chemicals

Measurements of soil pH were performed with pH-meter

(Hach-sensION 3). For calibration, following buffer solu-

tions were used : pH = 4 ± 0.02 (Titrisol, Merck, citrate

buffer), pH = 7 ± 0.02 (Titrisol, Merck, phosphate buffer)

and pH = 10 ± 0.02 (Titrival, Kemika, boric acid–potas-

sium chloride-sodium hydroxide).

For conductivity measurement, conductivity-meter

(Hach-sensION 5) was utilized. Hach sodium chloride,

standard solution, 1,000 lS cm-1, was used as calibration

solution.

Measurement of soil redox potential was carried out at

pH-meter (Hach-sensION 3) with platinum electrode and

silver–silver-chloride electrode as reference.

A Perkin Elmer AAS spectrophotometer 2380 (air/

acetylene flame, hollow cathode lamp for absorption

technique, deuterium lamp for back ground correction at

the recommended current and conditions) was employed to

measure the metal content of both plant and soil-digested

samples. Calibration solutions were prepared as multi-

element standards by dilution and mix of appropriate vol-

umes of stock standard solutions (Merck, p.a. 1 g L-1 for

each analyzed metal) in order to minimize the interference

effects. The concentrations of elements in these multiple

element calibration solutions were analogous to AAS linear

range determination for each of the analyzed metals. All

chemicals that used in the experiments were Merck, p.a.

grade, unless it was stated otherwise. Deionized water with

specific conductivity of 0.05 lS cm-1 was applied for

washing of laboratory vessels and solution preparation.

Quality control

A determination of metals concentrations in digested

samples was done applying calibration curve method. The

analytical detection limits (triple standard deviation of the

baseline noise/sensitivity) for each element were

0.009 ppm for Cd, 0.025 ppm for Cu, 0.06 ppm for Pb, and

0.008 ppm for Zn.

A standard reference material (LGC6187, leachable

metals in river sediment, certified by LGC) was used in the

sequential extraction, digestion, and analysis as part of the

quality assurance/control protocol in the same way as soil

samples to check the accuracy of the procedure. The

recovery percentages were (101.4 ± 2.1 to 104.2 ± 2.5) %

for Cd; (98.6 ± 1.2 to 101.0 ± 1.8) % for Cu; (95.6 ± 0.4

to 98.8 ± 0.7) % for Pb, and (98.2 ± 0.4 to

99.0 ± 0.5) %, for Zn. It is evident that the concentrations

of heavy metals determined agreed well with the reported

certified values, confirming the accuracy of the applied

procedures.

Statistical evaluation of data

The evaluation of the obtained analytical data was per-

formed by statistical means. The elimination of outliers

was done by Grubb’s test, for each method the arithmetic

mean, the standard deviation and the coefficient of varia-

tion were calculated by Statistica 7 program. The statistical

significance was measured using the two-tailed Mann–

Whitney U-test at a significance level of a = 0.05. The null

hypothesis is that all samples were from the same popu-

lation, while the alternate hypothesis is that they came from

different populations corresponding to impact of wildfire.

Results

Main soil characteristics

In order to examine impacts of fire on the areas populated

with selected Geraniaceae species, main soil characteristics

were determined. Parallel determinations were done for

soil samples of corresponding Geraniaceae species from

areas affected by the fire (post-fire environment) and

nearby locations which had not suffered by fire (natural

environment) and both sets of the results are shown in

Fig. 2.

In Table 3, DpH of soils from post-fire area as well as

from natural environment habituated by plant species G.

robertianum, G. macrorrhizum, and G. bohemicum are

presented.

Heavy metals

The sequential extraction protocol (Quevauviller 1998)

was applied to the analysis of Cu, Pb, Cd, and Zn levels in

the soils. Three independent fractions are produced by this

protocol. A first fraction bound to carbonates (F1) corre-

sponding to the acetic acid extractable metals or

exchangeable fraction; the second one fraction bound to

metal (oxy) hydroxides (F2) corresponding to the acidic

hydroxylamine extractable metals or acid reducible frac-

tion; and the third fraction bound to organic matter (F3) the

acidic hydrogen peroxide extractable metals or organic
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fraction (Ramos et al. 1999; Yobouet et al. 2010). Non-

residual fractions were composed of elements which could

be bioavailable whereas the residual fraction presents ele-

ments which are never bioavailable. The concentrations in

ppm of Cu, Zn, Cd, and Pb recovered with sequential

extraction were calculated for each step (F1 to F3) as well

as for the residual fraction (FR) are presented in Fig. 3.

The ways of plant intake of heavy metals can be esti-

mated following their distribution in plants roots and

shoots. Distribution of heavy metals in shoots/roots of

selected Geraniaceae plant species is presented in Fig. 4.

Discussion

The effects of a fire may be very different on soils of

different textures or chemical properties. Variation in fire

effects may also occur within ecosystems because of dif-

ferences in site characteristics, fuel conditions, and weather

prior to, during, and after the fire. Erosion by wind (Aeo-

lian), water, or gravity often, but not always, increases

following fire. The severity and duration of the accelerated

erosion depend on several factors, including soil texture,

slope, recovery time of protective cover, the amount of

residual litter and duff, and afterburn precipitation inten-

sity. Raindrop splash, sheet and rill erosion, dry ravel, soil

creep, and even mass wasting can occur. Several chemical

changes in soils may occur as a direct result of fire,

including a change in pH on some sites, the formation of

water-repellant soil layers, hydrophobicity on some sites

and changes in organic matter (National Wildfire Coordi-

nating Group 2001).

Organic matter

The importance of soil organic matter in supplying nutri-

ents contributes to cation-exchange capacity and improving

soil structure. The effect of fire on earth organic matter

may greatly vary depending on the type and intensity of a

fire (high, low, etc.), the nature of burnt materials (wood,

organic layover, dry grass), and type and humidity of the

soil at the moment of fire. The effects of fire on processes

in the soil and their intensity may therefore be quite vari-

able and cannot be generalized (Jose et al. 2004).

Depending on the type of fire, type of soil and its properties

(porosity, aeration, and moisture at the moment of fire), as

well as the quantity of charred organic remnants, the

quantity of carbon in the soil surface layer may either

increase or drop. The amount of soil organic matter con-

sumed by fire depends on soil moisture content, amount

and duration of heating, and amount of organic matter

Fig. 2 Main parameters of soils (organic matter content, conductivity, redox potential (rH), pH (H2O), pH (KCl), chloride content) from habitats

of plant species from Geraniaceae family, collected from the post-fire area and natural environment

Table 3 DpH of soils from natural and post-fire environment of plant

species: G. robertianum L., G. macrorrhizum L., and G. bohemicum L

Plant species DpH (natural

environment)

DpH (post-fire

environment)

G. robertianum L. 0.44 0.4

G. macrorrhizum L. 0.37 0.32

G. bohemicum L. 0.25 0.38
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available for combustion or distillation. Changes in soil

organic matter may also cause hydrophobicity. This phe-

nomenon occurs during the combustion process when

distilled aliphatic hydrocarbons migrate into the soil profile

and condense on soil particles to form a water-repellent

layer. Hydrophobicity, which typically results in reduced

infiltration rates, appears to be most common in dry,

coarse-textured soils that are heated to 176–204 �C. These

effects, however, are usually short-lived, generally disap-

pearing after the first year. (National Wildfire Coordinating

Group 2001).

Soil samples of G. robertianum and G. macrorrhizum

from post-fire area contain greater amounts of organic

matter than soil samples from natural environment. The

higher percentage of organic carbon from post-fire area

demonstrates higher rate of biodegradation. The organic

matter content in the soil samples from natural environ-

ment is higher than in post-fire environment samples in the

case of G. bohemicum. The highest organic matter content

was determined in the soil from the post-fire environment

site of plant species G. robertianum (5.91 %). The smallest

change in organic matter content was observed in the case

of plant species G. bohemicum (5.18 % in soil samples

from natural environment and 4.97 % in soil samples from

post-fire area. The result from Mann–Whitney U-test

(U = 98, p = 0.553) indicated that there is certainly suf-

ficient information to accept the null hypothesis and to

declare that there is no difference between the content of

organic matter in the soil samples from natural and post-

fire area.

Cation-exchange capacity

The cation-exchange capacity of a soil is greatly influ-

enced by the organic matter level. A high organic matter

soil will have a much higher cation-exchange capacity

than a low organic matter soil. The highest cation-

exchange capacity (CEC) was determined in the soil of G.

robertianum L. from post-fire areas (65 ppm), while the

lowest was determined in the soil of G. macrorrhizum L.

from natural environment (6.7 ppm). The difference of

soil CEC, after and before wildfire, is most significant for

soil from habitat of plant G. robertianum L. (17.5 ppm

natural environment and 65 ppm post-fire area). We ran a

Mann–Whitney’s U-test to evaluate the difference in

cation-exchange capacity of soil samples from natural and

post-fire area, and we did not find a significant effect of

fire (U = 1, p = 0.150).

Fig. 3 Concentration of Cd, Cu, Pb, and Zn in soils fractions after sequential extraction procedure from post-fire and natural environment (F1—

exchangeable fraction, F2—reducible fraction, F3—organic fraction, FR—residual fraction)
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Soil electrical conductivity

Electrical conductivity of the soil samples from natural

environment is higher for all plant species. The most

similar values of conductivity are in the soil samples of G.

bohemicum 441 mS m-1 for species from natural envi-

ronment and 409 mS m-1 for species from post-fire areas.

The lowest values of conductivity were determined in soil

from habitat of G. macrorrhizum (311 mS m-1) from post-

fire areas, while the highest conductivity was measured in

the soil from habitat of G. robertianum (497 mS m-1)

from natural environment. A Mann–Whitney test indicated

that electrical conductivity of the soil samples from natural

and post-fire area is statistically different U = 0,

p = 0.040.

Redox potential

Redox potential (rH) is a measure of nutrient availability

and mobility of heavy metals and also has important role

in development of pedogenic properties such as soil color,

iron depletions and concentrations (Sigg 2000). Redox

potential measurements present a semi quantitative mea-

sure of the intensity of oxidation or reduction of a soil,

which reflects many redox couples operating simulta-

neously in a dynamic system. The assessment of soil

redox potential is particularly useful for characterizing the

onset of reducing conditions in a soil caused by a lack of

O2 and for partly interpreting their associated biogeo-

chemical processes such as denitrification or bacterial

degradation processes (Crawford et al. 2000). The redox

potential is related to the concentration of several redox

pairs in the soil, oxygen is the first acceptor that plays an

important role (Aldridge and Ganf 2003). Soil samples

from natural environment and post-fire area for all studied

species have very similar values of the redox potential

(Fig. 2). In all cases, values of redox potential of soil

samples from natural environment were a very little

higher for all plant species. Results of Mann–Whitney U-

test indicate no significant difference between values of

redox potential of soil samples from natural and post-fire

area, U = 4, p = 0.850.

Fig. 4 Heavy metal distribution among shoots (S) and roots (R) of Geraniaceae family species
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pH (H2O) and pH (KCl)

When nutrient metal ions are taken up by plant roots,

hydrogen ion is exchanged for the metal ions. This process,

plus the leaching of calcium, magnesium, and other metal

ions from the soil by water containing carbonic acid, tends

to make the soil acidic. Soil acts as a buffer and resists

changes in pH. The buffering capacity depends upon the

type of soil (Manahan 2000). Values of pH are very

important. In a low pH environment, many metals are more

soluble and thus can increase the movement of waste

constituents. The ideal pH for many plants is slightly

acidic, between 6.0 and 7.0. If the soil pH becomes too

alkaline (pH [ 8.5), iron, manganese, zinc, and other

essential micronutrients are less available to plants. On the

other hand, if the soil pH is too low (pH \ 4.20), aluminum

(Al), iron (Fe), and manganese (Mn) toxicity to plants may

occur (US EPA 2006).

Wildfire can cause denaturation of organic acids. Sig-

nificant increase in pH (even 3 pH units) can be observed

immediately after fire at temperatures higher than

450–500 �C, when complete combustion occurs giving ash

that is strongly basic (oxides, hydroxides, and carbonates of

K, Ca and Mg). After the first precipitation, soil pH

decreases due to the dissolution of basic compounds and

their transport to water flows (Robichaud et al. 2000).

Elements critical for plant growth, such as nitrogen and

phosphorus, become more available to plants after a fire

that raises the pH of an acidic soil. Fire can significantly

enhance site fertility when it raises the pH on cold, wet,

acidic sites. Most cases of increased pH occurred on forest

soils were the initial pH was acidic, and a large amount of

organic material burned. Increases in nutrient availability

may be highly significant. Rarely do arid or semi-arid soils,

which are typically alkaline, exhibit increased pH after

burning (National Wildfire Coordinating Group 2001).

pH (H2O), of soils from natural environment in distilled

water are lower for G. robertianum and G. bohemicum

while for G. macrorrhizum is vice versa. The values of pH

(KCl) have the same behavior. The highest pH (H2O) is

determined in soil of G. bohemicum from post-fire area

(7.50). Also, in the soil of G. bohemicum is registered the

most significant change in the pH (H2O), before (7.06) and

after the fire (7.5). The lowest values of pH (H2O), were

measured in soil samples of G. robertianum from both

area: before (6.29) and after fire (6.59). The highest pH

(KCl) was also determined in soil of G. bohemicum from

post-fire area (7.12), while the lowest value of pH (KCl)

was measured in soil of G. robertianum from natural

environment.

The difference of pH (H2O) - pH (KCl) reveals the

potential acidity or the exchange acidity of the soil. It

highlights the displacement of the ions H? adsorbed on the

exchange sites of the adsorbing complex from soil toward

the soil solution (argilo-humic colloids, complexes…)

(Yobouet et al. 2010). The difference in soil pH in distilled

water and in 1 M KCl solution was calculated in order to

determine whether the particles of soil have neutral, posi-

tive, or negative charge. Sign of DpH is the opposite of soil

particles charge. When the value of DpH is zero, the sur-

face of particles of the soil is neutral. If other anions are

present, they can be specifically adsorbed and thus may

affect the pH decrease (Tan 1998). This difference is even

lower than the soil is organic. Really, KCl allows a more

significant displacement (than water) of the protons fixed

by exchange with K? in excess.

All soils have positive values of DpH which implies that

the surface of soil colloidal particles is negatively charged.

The presence of the organic matter decreases this exchange

because of possible interaction of the mineral phases and

the organic matter.

The results of the two-tailed Mann–Whitney U-test

indicate no significant difference between pH (H2O) values

of soils from natural and post-fire area U = 3, p = 0.550.

There is satisfactorily information (U = 4, p = 0.850) to

accept the null hypothesis and to declare that there is no

difference between pH (KCl) values of soils from natural

and post-fire area.

Chloride

The concentration of chloride in all soil samples was higher

for post-fire area. The highest chloride concentration is

determined in soil of G. macrorrhizum from post-fire area

(125.67 ppm). Also, in the soil of G. macrorrhizum is

registered the most significant change in the content of

chloride before (54.3 ppm) and after the fire (125.67 ppm).

The minimum chloride concentration was determined in

soil from habitat of G. bohemicum (45.6 ppm) from natural

environment. With an alpha level of 0.5 and U = 0,

p = 0.045 the effect of the wildfire on the concentration of

chloride in soil samples from natural and post-fire area was

found to be statistically significant.

Heavy metals

Heavy metals occur naturally in soil, normally in low

amounts, as result of weathering or other pedogenic pro-

cesses acting on geological bedrock, where soils develop.

Heavy metals are dangerous not only to plants and animals,

but also to the entire environment. Some of the metals such

as copper and zinc considered in the study are generally

referred to as nutritional metals, at high concentration

especially in the bioavailable form, they can become toxic.

Lead and cadmium are two environmentally important very

toxic heavy metals without any known biological function
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in plants, animals, and humans. The determination of total

soil metal content alone is a poor indicator of metal toxicity

since metals exist in different solid-phase forms that can

vary greatly in terms of their bioavailability (Krishnamurti

and Naidu 2002). Only a small portion of heavy metals and

metalloids in soil is bioavailable. The mobility and avail-

ability of these pollutants are controlled by many chemical

and biochemical processes such as precipitation–dissolu-

tion, sorption–desorption, complexation–dissociation, and

oxidation–reduction. Not all the processes are equally

important for each element, but all of them are affected by

soil pH and biological processes.

The fraction bound to carbonates (F1) comprises metals

adsorbed on the surface of soil. It is the most accessible and

represents the exchangeable fraction. Metals on this frac-

tion are easily mobile, can be easily transferred through

rainfall to the other parts of the environment, and are

assumed to be available. Concentrations of Cu, Zn, and Pb

in Fraction 1 of soils from post-fire area were lower than

metals concentrations in Fraction 1 of soils that were not

exposed to the fire. In the case of cadmium concentration,

the situation is reversed. In the Fraction 1 for all three

examined plants, the concentration of cadmium in the soil

samples from natural environment is higher than the one

from the post-fire area.

Concentrations of Cu were in the range of 1.7 ppm for

G. bohemicum to 3.1 ppm for G. robertianum in soil

samples from natural environment, while in the samples

from post-fire area concentrations of Cu were in the range

of 2.2 ppm for G. bohemicum to 3.6 ppm for G. robertia-

num. Zn concentrations in soil samples from natural

environment were in the interval ranging from 3.5 ppm for

G. macrorrhizum to 9.1 for G. bohemicum. Soil samples of

G. macrorrhizum from post-fire area have the smallest

concentration of Zn 8.5 ppm, then, in the samples of G.

bohemicum from post-fire area were 8.5 ppm of Zn. Cad-

mium levels were extremely low in exchangeable fraction

for all samples tested and ranged from 0.1 to 1 ppm. Soil

fractions 1 of all tested plants’ habitats are enriched in

metal concentration for samples from natural environment

except in the case of G. robertianum. Concentrations of Pb

were in the range of 1.0 ppm for G. macrorrhizum to

1.5 ppm for G. robertianum in soil samples from natural

environment, while in the samples from post-fire area

concentrations of Cu were very slightly increased and

ranged in the interval in the range of 1.2 ppm for G.

macrorrhizum to 3.2 ppm for G. robertianum.

The fraction bound to iron and manganese oxides (F2)

is sensitive to the redox potential changes and represents

the fraction which can be solubilized in reducible condi-

tions. Content of Cu, Zn and Pb in acid reducible fractions

F2 of soil samples was higher for all post-fire soil sam-

ples. The highest concentration of copper was found in

soil samples of G. robertianum from the post-fire area

2.4 ppm, while the lowest content of this metal, 0.9 ppm,

was in the soil samples of G. macrorrhizum from natural

environment. Copper content in soil samples from both

examined localities for G. macrorrhizum is very similar

0.9 ppm from natural environment and 1.0 ppm from

post-fire area. Cadmium levels are very low in acid

reducible fractions for all samples regardless the area and

ranged in the interval in the range of 0.1 ppm for G.

robertianum and G. bohemicum from natural environment

to 0.3 ppm for G. macrorrhizum from post-fire soil

samples.

The lowest content of lead was in the soil samples of G.

robertianum from natural environment while the soil

samples of G. robertianum from post-fire have the biggest

concentration of Pb 7.1 ppm.

The fractions bound to organic matter (F3) are tempo-

rarily inaccessible. They can be solubilized by chemical

oxidation. In so-called organic or sulfides soil fraction (F3),

the presence of Zn is noticeable for all soil samples from

post-fire areas (from 55.5 ppm for G. robertianum to

67 ppm for G. macrorrhizum). Also, concentration of Pb is

high in all soil samples from post-fire areas (from 41.5 ppm

for G. bohemicum to 53 ppm for G. macrorrhizum). Con-

centrations of Cu were in the range of 3.0 ppm for G.

macrorrhizum to 4.7 ppm for G. robertianum in soil sam-

ples from natural environment, while in the samples from

post-fire area concentrations of Cu were in the range of

6.2 ppm for G. macrorrhizum to 9.1 ppm for G. robertia-

num. Copper was also distributed almost exclusively

between the organic and residual phases (Bacon et al.

2005), because the affinity of Cu for organic matter/sulfides

supported by the high stability constants of Cu complexes

with organic ligands and low constants of solubility prod-

uct of copper sulfide. Concentrations of Cd in organic or

sulfides soil fraction (F3) were extremely low in all sam-

ples tested and ranged from 0.2 to 0.4 ppm. In all tested

samples, presence of Cd was higher in soil samples of

examined plants from post-fire areas (from 0.2 ppm for G.

robertianum to 0.4 ppm for G. macrorrhizum). Concen-

tration of Cd in soil samples from both examined localities

for G. robertianum is the same 0.2 ppm.

The residual fraction (FR) includes mainly metals built

in the crystal lattice of minerals. In natural conditions, they

are practically inaccessible for living organisms and can be

considered as an inert phase corresponding to the part of

the metal which cannot be easily mobilized. Concentra-

tions of Cu, Zn, and Pb in residual fraction (FR) of soils

from post-fire area were lower than metals’ concentrations

in residual fraction of soils that were not exposed to the

fire. In the case of cadmium concentration, the situation is

reversed. In the residual fraction for all three examined

plants, the concentration of cadmium in the soil samples
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from natural environment is higher than the one from post-

fire area.

Copper levels are samples from natural environment that

were from 0.1 ppm for G. macrorrhizum to 0.8 ppm for G.

bohemicum and from 3.1 ppm for G. robertianum to 3.7 for

G. bohemicum in the samples of soils that were exposed to

the fire. Lead is most abundant in residual fraction for all

samples and its range of concentration varies from 2.1 ppm

(for G. macrorrhizum from natural environment) to

47.1 ppm (for G. macrorrhizum from post-fire area).

Results of the statistical analysis of copper content in the

tested fractions showed that no differences between copper

content in soils from natural and post-fire area in fractions

F1 and F2. The difference between content of copper in

soils from natural and post-fire area in fractions F3 and F4,

is significant U = 0, p = 0.050 (in both cases).

Lead appeared to be very abundant in the residual

fraction especially in the soil samples from post-fire region.

Cadmium was present in residual fraction of natural

environment soils in slightly increased concentrations. The

lowest content of Cd was in the soil samples of G. mac-

rorrhizum from post-fire area 0.1 ppm, while the soil

samples of G. bohemicum from natural environment have

the biggest concentration of Cd 0.5 ppm.

Zinc levels in residual fraction were in the range from

0.1 ppm for G. robertianum to 4.5 ppm for G. macro-

rrhizum soils from natural area, while in the post-fire area it

varies from 1.5 for G. robertianum to 44.5 ppm for G.

macrorrhizum.

Results of the statistical analysis of metal content in the

tested fractions of soil showed that there are differences

between content of Zn, Cd, and Pb in soils from natural and

post-fire area (U = 19.5, p = 0.001 for Zn, U = 35,

p = 0.031 for Cd and U = 33, p = 0.022 for Pb). The

two-tailed Mann–Whitney test indicated that content of

copper in the soil samples from natural and post-fire area is

not statistically different U = 51, p = 0.230. So, it sug-

gests that the fire has different effects on the content of

certain heavy metals in soil. The content of Zn, Cd, and Pb

in the soil was affected by the fire, while the copper content

in the soil did not change under the influence of fire.

The ways of plant intake of heavy metals can be esti-

mated following their distribution in plants’ roots and

shoots.

In all analyzed plants from both regions, copper is

abundant very poorly (less than 4.4 ppm). The highest

concentration of Cu was measured in shoots sample of G.

macrorrhizum from the habitat outside the burnt areas and

it was 4.42 ppm. In root samples of all investigated plants

from post-fire region, copper was below the limit of

detection.

Except the sample of the root of G. bohemicum from

area that was not exposed to the fire, all of the samples

have cadmium content in the range of 0.21–1.93 ppm. The

significantly higher content of cadmium (8.9 ppm) was

measured in a sample of the roots of G. bohemicum from

post-fire area. Samples of aerial parts (shoots) of G. mac-

rorrhizum from the territory which was not affected by the

fire, containing more cadmium compared to the corre-

sponding samples from the post-fire region. Samples of

shoots and root of G. macrorrhizum from natural area

contain approximately the same amount of cadmium

(1.81 ppm for plants from natural environment and

1.79 ppm for plants from post-fire region). The elevated

concentrations of Cd were registered in all parts of G.

bohemicum and G. robertianum from post-fire area, while

in the case of G. macrorrhizum plants samples from natural

area have increasing concentrations of that metal.

Roots samples of G. robertianum and shoots samples of

G. bohemicum from both studied regions do not contain

lead. Also, lead is below the limit of detection in roots

samples of G. bohemicum from post-fire area, and shoots

samples of G. robertianum from post-fire area. The highest

lead content, 5.71 ppm, was determined in shoots samples

of G. robertianum from natural environment.

The biggest difference in metal content between studied

three plant species growing at two sites (natural environ-

ment and post-fire area) was noticed for zinc (141.34 ppm

in root samples of G. macrorrhizum from natural envi-

ronment and 23.8 ppm in shoots samples of G. macro-

rrhizum from post-fire area). The slightest difference in

zinc content in the samples of roots and shoots of plants

from natural environment and post-fire area was the case of

plants G. bohemicum. Investigated plants from the post-fire

area showed higher average concentrations of Zn, in

comparison to the control group from the natural envi-

ronment, which is closely associated with previous inves-

tigation of soil and plant samples of four plant species of

Lamiaceae family growing on Vidlic Mountain (Stankov

Jovanovic et al. 2011).

We ran a Mann–Whitney’s U-test to evaluate the dif-

ference in the content of Cu in tested plant species of

Geraniaceae family from natural and post-fire area. It was

found as a significant effect of wildfire (U = 0.5,

p = 0.001) on content of Cu in tested plant species from

natural and post-fire area. Results of the statistical analysis

indicated that content of Zn, Cd, and Pb in tested plant

from natural and post-fire area was not statistically differ-

ent (U = 14, p = 0.537 for Zn, U = 17, p = 0.877 for Cd,

U = 12, p = 0.352 for Pb).

Obtained data for analyzed heavy metals content were

within the limits of their average abundance in the Earth’s

crust (Radojevic and Bashin 1999), which suggests that

both natural environment and the area that has suffered

from the fire are still unpolluted by heavy metals (Stankov

Jovanovic et al. 2011).
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There is limited number of studies dealing with influ-

ence of fire on metal content in soil and plants samples.

However, the method of preparation of samples of soil or

plant material is not the same as the one we applied. In

some case (Chrysikou et al. 2008), soil and vegetation

samples were collected 15 days after the ultimate fire

extinction, so no rain events occurred between the fire and

sample collection, while in some cases sampling was

extended for several seasons (1.5 years) (Burke et al.

2010). The soil was collected from a depth of 0–5 cm

(Chrysikou et al. 2008), t 0–10 cm (Guerraa et al. 2013). In

some studies, soil samples collected 4 years before the fire

were used as reference samples (Guerraa et al. 2013). Also,

the concentrations of different elements were investigated:

Zn, Co, Cd, and Pb (Sosorova et al. 2013), Zn, Cu, Sn, Sb

and Pb Chrysikou et al. (2008), Zn, Cu, Pb, Ni and Cr

(Bogacz et al. 2011), Hg (Burke et al. 2010).

The metal concentration in plants depends on a species

and its environment. It is very probable that different

growth conditions present in the same place and in dif-

ferent years affect the elemental composition in plants

(Sosorova et al. 2013).

Keeping all this in mind, it is clear that it is difficult to

compare our results to previously mentioned studies,

except with published results of investigation of soil and

plant samples of four plant species of Lamiaceae family

(Ajuga genevensis L., Lamium galeobdolon (L.) L., Teuc-

rium chamaedrys L., Acinos alpinus (L.) Moench.) grow-

ing on Vidlic Mountain (Stankov Jovanovic et al. 2011).

Our results are in good agreement with previously pub-

lished for soil and plant samples from Vidlic Mountain.

Conclusion

Soil samples of G. robertianum and G. macrorrhizum from

post-fire area contain greater amounts of organic matter

than soil samples from natural environment. Electrical

conductivity of the soil samples from natural environment

was higher for all plant species, while the concentration of

chloride in all soil samples was higher for post-fire area.

Soil samples from natural environment and post-fire area

for all studied species have very similar values of the redox

potential. pH (H2O), of soils from natural environment in

distilled water are lower for G. robertianum and G. bo-

hemicum while for G. macrorrhizum is vice versa. The

values of pH (KCl) have the same behavior. All soils have

positive values of DpH which implies that the surface of

soil colloidal particles is negatively charged.

Results of the statistical analysis of metal content in the

tested fractions of soil showed that there are differences

between content of Zn, Cd, and Pb in soils from natural and

post-fire area. The statistical analysis indicated that content

of copper in the soil samples from natural and post-fire area

is not statistically different. It suggests that the fire has

different effects on the content of certain heavy metals in

soil. The content of Zn, Cd, and Pb in the soil was affected

by the fire, while the copper content in the soil did not

change under the influence of fire.

The fire has different influences on the content of some

heavy metals in plants then the influence in the soil. Copper

is an element on which fire has got different effects than on

cadmium, zinc, and lead. Results of the statistical analysis

indicated that content of Zn, Cd, and Pb in tested plants

from natural and post-fire area was not statistically

different.
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