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Abstract

Spoljar A., Bar¢i¢ D., Peremin Volf T., Husnjak S., Martinovi¢ L.: Chemical properties of the forest
litter in Istria and the Croatian Littoral. Ekoldgia (Bratislava), Vol. 33, No. 3, p. 242-251, 2014.

The experiment was set up in the forest ecosystem with diverse vegetation zones in the area of
Istria and the Croatian Littoral. Research included the following systematic soil units: lithic lepto-
sols, rendzic leptosols, rendzic leptosols — eroded, mollic leptosols, chromic cambisol and chromic
luvisols. The average quantity of the forest litter in the studied systematic soil units reaches 13.36
t/ha (Tables 1-3). The “wealth” of organic matter in the studied soil units can be presented with
the following series: chromic cambisols (CMx) > mollic leptosols (LPm), organogenic, rendzic
leptosols (LPk) > lithic leptosols (LPq) > chromic cambisols (CMx) — Terra rossa, chromic luvi-
sols (LVx) > rendzic leptosols (LPk) — eroded. As expected, the lowest value of total nitrogen was
found in the lithic leptosols in relation to almost all the other soils, except when compared with
chromic cambisol and rendzic leptosols (p < 0.05). The statistically justified higher values of the
percentage share of P,0, in the forest litter were found in chromic luvisols and rendzic leptosols
- eroded in relation to the other studied soils. Significantly higher level of copper contamina-
tion was inside rendzic leptosols — eroded in relation to the other studied soils. The exception is
rendzic leptosols (p < 0.05). A significantly higher zinc content was detected in the lithic leptosols
in relation to the other soil units, except for chromic luvisols, while a justifiably higher total lead
and cadmium content in the forest litter was observed in chromic luvisols in relation to the other
compared soils (p < 0.05).

Key words: contamination, heavy metals, soil units.

Introduction

According to Martinovi¢ (2003), the forest floor has a geochemical role and represents an
important factor in the exchange of matter between the vegetation, soil and atmosphere. It
is a natural organic fertilizer rich in all the nutritive elements in those quantities and ratios
that are required by forest trees. The forest floor plays an important part in the regulation
of hydrological conditions in the soil. It decreases evaporation and increases the infiltrative
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capacity of precipitation water, as well as acts favourably on soil temperature relations. In the
words of Topi¢ (1992), the quantity and structure of the forest floor are measurable indica-
tors of the degree of meliorativity of a particular forest species. The author estimates that the
quantity of the forest floor in cultures of black pine is between 8.1 and 22.1 | t/ha, while the
values of the floor chemism amount to 0.17% for potassium and 0.07% for phosphorus.

According to Mayer (1992), the soils of the littoral karst in Croatia are an irreplaceable
natural resource which should be maximally protected from erosion-induced damage. It is
for this reason that autochthonous forest vegetation should be favoured and that soil damaged
by erosion processes should be afforested. An indented landscape with a strong relief energy,
high precipitation amounts, strong winds and insolation direct the pedogenesis toward the
initial developmental stages. The dominant systematic soil units in the structure of the soil
cover are as follows: lithic leptosols, rendzic leptosols, rendzic leptosols — eroded, mollic lep-
tosols, chromic cambisols and chromic luvisols (Bogunovi¢ et al., 2002; Martinovi¢, 2003).

Surface stoniness and rockiness often contribute to low estimates of soil productivity,
which reflects negatively on more intensive afforestation operations. The abandonment of
agriculture in cultivated surfaces and terraces in the coastal region encourages the expansion
of forest vegetation over highly fertile soils. Numerous pine cultures successfully ameliorate
stony areas, but are particularly susceptible to fires, after which the organic matter content in
the soil decreases dramatically, soil chemism changes, the forest floor is destroyed, the clay
content increases and a path to erosion is opened (Martinovi¢, Kovacevi¢, 1984).

According to Husnjak (2005), erosion processes frequently erode the humus-accumula-
tive and deeper horizons, which may lead to a complete loss of some important soil func-
tions. In this sense, and to highlight the non-commercial role of the forest ecosystem, Tikvi¢
and Seletkovi¢ (2003) stress the primary importance of the hydrological and anti-erosion
role of the forest floor. At the same time, the micro-climatic conditions in the forest ecosys-
tem are an important factor in the transformation process (mineralisation and humification)
of the forest floor. In view of the above, all forest management measures should take account
of the condition and changes in the forest floor (Martinovi¢, 2003).

Fugiang et al. (2010) states that concentrations of total nitrogen, phosphorus and humus
are a clear indicator of the forest floor quality. In addition to the quality of the forest floor,
which guarantees mutually balanced relations in the forest ecosystem, factors that might
have an adverse effect on it should also be mentioned. One of these factors is the degree of
contamination of the forest floor with heavy metals.

According to Coga (2005), the spatial distribution of the atmophilic Pb-Zn-As-Cd-P
association of elements is generally directly linked to the sharp climatic boundary which
stretches along the ridge of the littoral mountain chain of north-western Croatia. Aerosols
borne by western winds from regional (SE Italy), but also local (oil industry in Rijeka, ther-
mal power station in Plomin) pollutants are deposited along this regional climatic barrier.
In the Risnjak National park area, as many as 20% of the samples are polluted with lead,
whereas the entire area of western Croatia has less than 3% of lead-polluted samples. In the
area from Istria to Dubrovnik, the author recorded higher quantities of total heavy metals on
a carbonate base in relation to the soils developed on non-carbonate clastic rocks or alluvial
sediments.
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The survey of available literature sources shows that the authors mainly treat erosion
processes and their impact on the soil, as well as the nutritive potential of the forest floor, but
much less so its pollution with heavy metals. For this reason, research conducted in the area
of Istria and Primorje, in addition to determining the basic chemical features, also encom-
passed the identification of total copper, zinc, lead and cadmium content in the forest floor.

The purpose of this paper is to determine the value of the forest floor in different system-
atic soil units in Istria and Primorje in terms of the forest floor and humus quantity, total ni-
trogen content, PO, and K,O and total heavy metal content (copper, zinc, lead, cadmium) in
the organic matter. In order to determine the quality of the forest floor, the above mentioned
chemical features were compared by systematic soil units. The calculation of the degree of
pollution with heavy metals will provide an insight into the possible pollution of the forest
floor.

Material and methods

Research was conducted in the forest ecosystem in different vegetation zones in the area of Istria and the Croatian
Littoral. The systematic soil units include lithic leptosols, rendzic leptosols, rendzic leptosols - eroded, mollic lep-
tosols, chromic cambisols, chromic cambisols (Terra rosss) and chromic luvisols. The experiment was set up in 50
plots (plot surface 625 m?) in stands of black pine, of which 43 were established in forest cultures and 7 in natural
stands. The plots were selected according to the age criterion (stands aged over 40) and with varying risks in terms
of erosion processes (Husnjak, 2005) and of possible contamination of the investigated soil units with heavy metals.
The typological soil units were determined according to the valid soil classification in the Republic of Croatia (Skori¢
etal,, 1985). Figure 1-4 presents the research area and the sample plots in which the soil was sampled.

30 0 30 B0 Km

Fig. 1. Experimental plots on the research area in Croatia.
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Fig. 2. Climatodiagram for the island Fig. 3. Climatodiagram for Rijeka ac- Fig. 4. Climatodiagram for Ucka ac-
of Rab according to Walter (1955) in cording to Walter (1955) in period cording to Walter (1955) in period
period from 1981 to 2005. from 1981 to 2005. from 1981 to 2005.

The samples of the humus-accumulative horizon were formed from five individual samples within a sample
plot. They were taken for the purpose of determining soil reaction, humus quantity and total nitrogen content, as
well as the C/N ratio. To calculate the quantity of the forest floor, three samples were taken (25x25 cm) along the
sample plot diagonally. Pedological research methods correspond to the generally accepted standards. The follow-
ing chemical soil analyses were performed: humus quantity according to Thurin, total nitrogen content according
to Kjeldahl (ISO 11261:2004), soil reaction in H,0 (ISO 10390:2005), total P,O_and K,O in the organic matter by
means of wet combustion with nitric acid, as well as total copper, zinc, lead and cadmium content by means of the
AAS method (ISO 11047:2004). The degree of contamination (DC) was calculated in the forest floor (NN 32/10)
for total copper, zinc, lead and cadmium content using maximally allowed values of these heavy metal contents for
lighter and skeletal soils or soils poorer in humus, and for heavier and heavy soils or soils richer in humus (Eikman,
Kloke, 1991). Pedological data were compared in terms of the studied systematic soil units by means of variance
analysis (p < 0.05), using the STATSOFT, INC. (2003) computer programme.

Results
Climatic conditions in the research area

The research area of Istria and the Croatian Littoral is predominantly represented by moder-
ate warm rainy climate ‘Cfsax®, characterized by hot summers and mean monthly tempera-
tures above 22°C (Seletkovi¢, Katusin, 1992). The winter rainy period is broadly distributed
in the spring and autumn-winter maximum, while the driest part of the year occurs in the
warm season. The research area, i.e. sample plots, mainly comprise the sub-Mediterrane-
an and eu-Mediterranean zone. The annual trend of mean monthly air temperatures and
monthly precipitation quantities for these zones is presented in the climatic diagrams for
Rab, Rijeka and Ucka in Figures 2-4. In terms of phytogeographic distribution, the study
area comprises the Mediterranean region, which is divided into two vegetation belts and five
vegetation zones (Trinajsti¢, 1986).
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Chemical properties of the soil

The following systematic soil units were identified in the sample plots: lithic leptosol (LPq),
rendzic leptosol (LPk), rendzic leptosol (LPk) — eroded, mollic leptosol (LPm), chromic cam-
bisol (CMx), chromic cambisol (CMx) — Terra rossa and chromic luvisol (LVx) according to
the FAO classification (1990) and Spoljar (1999), and according to the set correlation rela-
tions in the Republic of Croatia (Skori¢ et al., 1985). Table 1 shows the average quantities of
the forest floor per systematic soil units under study. The highest quantities of organic matter
(15.89 t/ha) were recorded in chromic cambisols, while rendzic leptosols contained the low-
est quantities (7.66 t/ha). Based on research results, the ‘wealth’ of the studied systematic soil
units in organic matter can be presented in the following series: chromic cambisols (CMx) >
mollic leptosols (LPm), rendzic leptosols (LPk) > lithic leptosols (LPq) > chromic cambisols
(CMx) - Terra rossa > chromic luvisols (LVx) > rendzic leptosols (LPk) - eroded, (unfavour-
able position in the relief). The degree of contamination (DC) with heavy metals by system-
atic soil units is given in Table 2.

Table 1. Average amount of forest litter according to research soil unit.

Lithic Rendzic Rendzic Mollic Chromic Chromic Chromic
Soil unit leptosols | leptosols | leptosols | leptosols | cambisols | cambisols- | luvisols
-eroded Terra rossa
Amount of forest |, ) 11.96 7.66 12.49 15.89 9.55 8.94
litter, t/ha

Table 2. Contamination degree (So) of forest litter with copper, zinc, lead and cadmium (NN 32/10).

Soil unit Contamination degree, So, %

Cu Zn Pb Cd
Lithic leptosols 17.2 20.3 4.4 13.0
Rendzic leptosols 18.3 18.7 4.3 4.0
Rendzic leptosols - eroded 18.7 17.2 3.3 4.0
Mollic leptosols 17.3 18.3 3.8 5.0
Chromic cambisols 17 18.4 4.5 13.0
Chromic cambisols - Terra rossa 16.8 18.9 39 5.0
Chromic luvisols 15.7 2.0 5.3 32.0"

Notes: So- contamination degree So < 25 - I class, So 25 - 50% - II class, So 50 - 100% — III class, So 100 - 200% — IV
class, So >200% - V class.

Calculations of the degree of contamination for the organic soil cover according to the
criteria provided by Eikman and Kloke (1991) showed that the first class of soil contamina-
tion (DC < 25%) was recorded for chromic cambisols (CMx), rendzic leptosols (LPk), mollic
leptosols (LPm), lithic leptosols (LPq), chromic cambisols (CMx) — Terra rossa and rendzic
leptosols (LPm) - eroded; in other words, no contamination with any investigated heavy
metal was found. The forest floor of chromic luvisols (LVx) has higher levels of cadmium
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contamination (DC = 32%). The reason probably lies in geolithogens, although the possibil-
ity of anthropogenic emission cannot be excluded. The results of statistical analysis of the
examined chemical properties of the organic soil cover are given in Table 3. Significantly
higher values of soil reaction measured in water were found in mollic leptosols (LPm) and
rendzic leptosols (LPk) — eroded, in relation to the other investigated soil units. The justifi-
ably lower value was found in chromic luvisols (LVx) and chromic cambisols (CMx) - Terra
rossa (p < 0.05). The statistically justified higher values of humus quantities were found in
rendzic leptosols — eroded, in relation to the other investigated soils, except in relation to
rendzic leptosols (LPk) (p < 0.05). In line with expectations, a significantly lower value of
total nitrogen content was found in lithic leptosols (LPq) in relation to almost all the other
soils, except for chromic cambisols (CMx) and rendzic leptosols (LPk) (p < 0.05). The statisti-
cally justified higher values of the percentage share of P,O, in the forest floor were found in
chromic cambisols (CMx) - Terra rossa and rendzic leptosols (LPk) — roded, compared to
all the other investigated soil units; the same relates to the percentage share of K,O in chro-
mic luvisols (LVx) in relation to the other soils, except in relation to rendzic leptosols (LPk)
(p < 0.05), where there were no justifiable differences (p < 0.05).

A significantly higher total copper content in the forest floor was found in rendzic lep-
tosols, eroded, in relation to all the other soils, except in rendzic leptosols (p < 0.05). A sig-
nificantly higher zinc content was found in lithic leptosols (LPq) compared to the other soil
units, except for chromic luvisols (LVx), while a justifiably higher content of total lead and
cadmium in the forest floor was obtained in chromic luvisols in relation to the other soils
(p <0.05).

Table 3. Results of chemical properties of the organic soil cover.

Soil unit pH, Humus, N, amount, Total amount of heavy metals,
H,0 gkg' | gkg! % mg kg
PO, | KO Cu Zn Pb Cd
Lithic leptosols 6.94° 2.98¢ 0.16° | 4.55° | 8.12° | 10.30° | 40.53* | 4.38" | 0.13"
Rendzic leptosols 6.95" 4.10® 0.20%¢ | 523 | 8.83% | 10.97®® | 37.38 | 4.29* | 0.04°
Rendzic leptosols - eroded 7.60° 441a | 0.24® | 6.78 | 8.12% | 11.19* | 34.25¢ | 3.29° | 0.04°
Mollic leptosols 7.39* 3.60° 0.24%® | 4.84> | 7.10¢ |10.43% | 36.54%¢ | 3.83¢ 0.05°
Chromic cambisols 6.84° 3.35° 0.20° | 4.78° | 8.00° | 10.24° | 36.78 | 4.52° | 0.13°
_Cg;’rr:‘rcozgnb‘s"ls 6.38° | 3245 | 024" | 6.80° | 7.15¢ | 10.14° | 37.93* | 3.88< | 0.05°
Chromic luvisols 5.90¢ 3.48¢ 0.25* | 4.67° | 9.04* | 9.37¢ | 39.82*| 5.28 | 0.33°

Notes: **¢ Values in the same row marked by different letters differ significantly (p<0.05).

Discussion

The forest floor is a layer on humus or soil that consists of newly shed vegetative parts, such
as needles or leaves, bark and cones, dead parts of grassy vegetation broken off from plants
and other parts of the vegetation. Cones up to half their size are also treated as the forest floor
(Bilandzija, 1992). According to Vitousek et al. (1995) and Berg and Meentemeyer (2001),
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the forest floor is one of the main mediums for nutrient transfer between the soil and the
environment. The exchange of matter and the organic layer decomposition are conditioned
by three groups of factors. These are chemical factors (chemical composition, pH, humus,
the C/N ratio), physical factors (climatic indicators) and biotic factors (microorganisms and
fauna in the soil) (Swift et al., 1979). Topi¢ (1992) also cites the correlation between the forest
floor and the degree of meliorativity. In addition to this, Bar¢i¢ (2007) also points out that
large quantities of the forest floor do not automatically signify a more favourable edaphic
effect. The reason for this is that more arid conditions, i.e. the existence of a dry period in
Mediterranean forest ecosystems, decelerate the process of the forest floor transformation.
The following order of the wealth of soil units with organic matter was determined by the au-
thor’s own research: chromic cambisols (CMx) > mollic leptosols (LPm) > rendzic leptosols
(LPk) > lithic leptosols (LPq) > chromic cambisols (CMx) — Terra rossa > chromic luvisols
(LVx) > rendzic leptosols, (LPk) - eroded.

The study of the forest floor has demonstrated a very strong impact of the climatic factor
on its quantities and composition (Jensen, 1974; Meentemeyer et al., 1982; Starr et al., 2005;
Astel et al., 2009). A positive correlation between air humidity and the total forest floor quan-
tity is particularly distinctive (Astel et al., 2009). My own research compares this statement
with soils found at higher altitudes, where a higher quantity of the forest floor was recorded
(Table 1). Apart from the climatic conditions (climate), the forest floor is also influenced by
stand age, tree number and density and vegetation composition and structure (Albrektson,
1988; Cuevas, Lugo, 1998; Diaz-Maroto, Vila-Lameiro, 2006). Naturally, the relief as a fac-
tor should also be taken into account, because the research area abounds in terrains with
bigger or smaller slopes. Some authors relate the relief and especially precipitation amounts
to the quantity of the organic cover (Santamaria, Martin, 1998). In our research, the high-
est amount of the organic matter, as has already been pointed out, was recorded in chromic
cambisols (CMx), which can be attributed to higher altitudes at which these soils occur. The
lowest quantities of the organic matter were recorded in rendzic leptosols (LPx), eroded,
which are exposed to erosion processes due to their unfavourable position in the relief.

It is also important to view the value of the forest floor from the ecological aspect. Regu-
lating the relationships in the exchange of matter has particular significance for forest ecosys-
tems. Biogenic micro and macro elements have a decisive effect on enabling natural regen-
eration in the forest ecosystem and an indirect effect on ensuring productive site capacity. For
this reason, the research results also present chemical properties of the forest floor (Table 3).
According to Fuqiang et al. (2010), concentrations of total nitrogen, phosphorus and humus
are clear indicators of the quality of the forest floor. In addition to the floor quality, which
guarantees mutually balanced relations in the forest ecosystem, it is also vital to highlight
those factors which might have an adverse effect on the forest floor. One of these is the degree
of contamination of the floor with heavy metals (Table 2). The investigation recorded the
first degree of soil contamination (DC < 25%) for chromic cambisol, rendzic leptosol, mollic
leptosol, lithic leptosol, chromic cambisol — Terra rossa and rendzic leptosol — eroded. No
contamination with copper, zinc, lead and cadmium was recorded according to the criteria
provided by Martinovi¢ (2003). According to the criteria given by Eikman and Kloke (1991),
only the forest floor of chromic luvisol showed a higher degree of cadmium contamination
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(DC = 32%). The most probable reason is the geolithogens, although the possibility of an-
thropogenic emissions is not excluded. Total heavy metal content in the soil forest floor in-
dicated a satisfactory condition in terms of contamination (Martinovi¢, 2011). The content
of copper in the soil amounts to 5-20 mg/kg on average and corresponds to the pedogenic
soil condition. In the study area, the results (9.37 mg/kg in chromic luvisol to 11.19 mg/kg
in renzdic leptosol — eroded) coincide with the results by Spanjol et al. (2010), where it was
found that copper concentrations in the soil were not above the limit values (Martinovic,
1997, 2003) in any of the cases. Copper concentrations were somewhat higher in a shallower
sampling layer due to the higher humus content.

The paper also investigated the proportion of zinc in the organic soil cover. The aver-
age zinc content in the soil according to Vukadinovi¢ and Loncari¢ (1998) is 5-20 mg/kg,
while Martinovi¢ (1997, 2003) records 10-50 mg/kg as a geogenic value. Our own research
recorded the highest value of the total content of this heavy metal in lithic leptosol in the
amount of 40.53 mg/kg, which is above average, but still within the geogenic value. Spanjol
et al. (2010) found that the naturally acquired zinc content in the soil was above the allowed
values in almost all the sampling locations from Jastrebarsko to Rijeka (Croatia).

Lead values identified in the study area ranged from 3.29 mg/kg in rendzic leptosol -
eroded, to 5.28 mg/kg in chromic luvisol. According to Vukadinovi¢ and Loncari¢ (1998),
in general lead is present in all the soils in the range from 15 to 40 mg/kg, while Martinovi¢
(2003) states the upper boundary of the geogenic soil condition of 10 mg/kg. Contamination
may increase lead levels in the soil up to several thousand milligram per kilogram. Lead re-
mains in the soil for hundreds of years, so that the consequences of the use of some products
continue to be a problem. Research by Spanjol et al. (2010) showed that lead concentrations
in the soil were nowhere above the limit value, which was also confirmed by our research.
Still, in terms of lead contamination, the values were on average above 50% of the allowed
ones (Martinovi¢, 1997, 2003).

The natural cadmium content in the soils according to Vukadinovi¢ (1998) does not ex-
ceed the value of 1 mg/kg of the soil, while Martinovi¢ (2003) states that the naturally ac-
quired condition of cadmium content in the soil is below 0.5 mg/kg, which corresponds
to our research as well (Table 3). Plants can accumulate cadmium to a significantly higher
toxicity level for animal and human population without manifesting signs of phytotoxicity
(Wolt, 1994). Cadmium values recorded in the study area ranged from 0.04 mg/kg for rend-
zic leptosol and rendzic leptosol - eroded, to 0.33 mg/kg for chromic luvisol.

Conclusion

The following conclusions can be drawn on the basis of the above:

The average quantity of the forest floor in the investigated systematic soil units amounts
to 13.36 t/ha. The ‘wealth’ of the studied soil units with organic matter can be presented by
the following series: chromic cambisols (CMx) > mollic leptosols (LPm) > rendzic leptosols
(LPk) > lithic leptosols (LPq) > chromic cambisols (CMx) — Terra rossa > chromic luvisols
(LVx) > rendzic leptosols (LPk) - eroded. The highest humus quantities were recorded in
rendzic leptosols - eroded, in relation to all the other studied soils, except in relation to rend-
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zic leptosols (p < 0.05). In line with expectations, the lowest quantity of total nitrogen was re-
corded in lithic leptosols in relation to almost all the soils, except for chromic cambisols and
rendzic leptosols (p < 0.05). The statistically justified higher quantity of the percentage share
of PO, in the forest floor were found in chromic cambisols — Terra rossa and rendzic lepto-
sols — eroded, in relation to all the other soil units, and so was the percentage share of K,O in
chromic luvisol in relation to all the other soils, except for rendzic leptosol, where there were
no justifiable differences (p < 0.05). This research and the obtained results also have practical
importance for forestry, because the quantities of the forest floor and the percentage content
of the bioelements in it are measurable indicators which enable the assessment of the degree
of meliorativity of particular forest species in relation to chemical soil fertility.

- The first class of soil contamination (DC < 25%) was recorded for chromic cambisols,
rendzic leptosols, mollic leptosols, lithic leptosols, chromic cambisols — Terra rossa and rend-
zic leptosols — eroded; in other words, no contamination with any investigated heavy metal
was recorded. A significantly higher total copper content in the forest floor was recorded
in rendzic leptosols, eroded, in relation to all the other soils, except for rendzic leptosols
(p < 0.05). Significantly higher zinc content was recorded in lithic leptosols compared to all
the other soil units, except for chromic luvisols. The justifiably higher total lead and cad-
mium content in the forest floor was recorded in chromic luvisols in relation to all the other
compared soils (p < 0.05).
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