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Abstract: These studies are aimed at the determination of load of the plant
ecosystems with the heavy metal (Zn) and the accumulation of it in this area, so that based
on the results, if necessary, the appropriate protection measures of this higly-valued area
can be appplied. The woody species lime tree and Austrian pine at the plots 1 and 2 in
these studies show deficiency or are on the verge of the deficiency. Based on the results,
heavy metal zinc is not the adverse factor in the natural protected area "Avala".
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ISTRAZIVANJA KONCENTRACIJE CINKA (ZN) U DRVENASTIM I
ZELJASTIM BILJKAMA NA PODRUCJU BEOGRADA

Izvod: Cilj ovih istrazivanja usmeren je na to da se ustanovi opterecenost
ekosistema biljaka teskim metalom (Zn) i njihova akumulacija na ovom podrucju, kako bi
se na osnovu dobijenih rezultata, ako je potrebno, mogle blagovremeno preduzeti
odgovarajuce mere zastite ovog visokovrednog podrucja. Drvenaste vrste lipa i crni bor na
lokalitetu 1. i na lokalitetu 2. u ovim istrazivanjima pokazuju deficit ili su na samoj granici
deficita. Na osnovu svih dobijenih rezultata teski metal Cink ne predstavlja ugrozavajuci
c¢inilac na podrucju zasticenog prirodnog dobra ,,Avala .
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1. INTRODUCTION

It is generally known, and scientifically proved, that the greenery of a
contemporary town or city is its integral part which is mainly associated to human
health. Based on the above claims, it is needed to point to the necessity of the
permanent monitoring of the level of heavy metals in plants, as the indicators of the
environmental pollution, which can have adverse effects, not only on the forest
ecosystems, but on man, also.

Avala is the mountain situated about 17 kilometers southeast of Belgrade,

on the road to Kragujevac. It is the northernmost mountain of the Sumadija
Mountain Range and is classified as the low island mountain.
Based on the special forest management (2008-2017), the natural protected area
"Avala", covering an area of 489.13 hectares, is located at the territory of the city
of Belgrade, in the city municipality Vozdovac, 15 kilometers south of the centre
of the city. The total area of 74.35 hectares (15.2%) is privately-owned, and 414. 8
hectares (84.8%) refer to the other types of ownership. The agricultural land
accounts for 19.9 % of the total natural protected area "Avala". The area of forests
aimed at the land protection is 363.62 hectares (75% of the total natural protected
area "Avala"), out of which 68% are of the coppice origin, and 32% of artificial
origin.

Heavy metals can be found in all environmental media, as the results of
different types of human acvities. The origin of the heavy metals in fine particles in
the air is double: natural and anthropogenic. There is not sufficient knowledge on
their distribution in nature and role in pollution. It is partially known that the
emission souces, by the following processes: turbulent diffusion, dry and wet
deposition, then by the migration via soil and water, participate in the circulation
through the nature, thereby disturbing the natural balance of these elements, which
is of the particular significance to the biosphere.

Similarly to other metals, zinc also participate in the activity of enzymes,
the most important of which is carboanhidrase (Ohki, 1976) (Aliev, Guliev,1990).
Zinc is the necessary component of RNA-polymerase and participates in the
synthesis of auxins (Kastori, 1990, Kastori et all, 1993). Heavy metals are
constantly absorbed by the plants during the growing season and throughout the
year, achieving, as a rule, the highest level by the end of the growing season.
(Krsti¢, et all 2008 , Stankovié et al, 2011, 2013).

The high level of Zn, as well as of other heavy metals, has toxic effect in
plants. The excess od this elements in plants rarely occurs in nature. The resistance
of some plants to the excess of this element is different. Along with the series of
physiological disturbances, owning to the lack of zinc, some plant diseases, such
as leaf chlorosis, abnormal cell growth, etc, occur (Stankovi¢ et al, 2009 ). The
typical symptoms of the lack of zinc in plants are the occurrence of rose rosette
and littleleaf diseases. The excess of zinc can be toxic, and in the sufficient
quantity it increases the resistance to some diseases (phytophtora).
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2. MATERIAL AND METHOD

Having in mind the importance of the quality of environment in the
domains aimed at the recreation, the studies regarding the concentration of heavy
metals in plant leaves in Avala were conducted.

Three plots in the Avala area of the outstanding features, out of which the
samples for the analysis were taken, were selected.

The selected plots, based on the special forest management for Forest Unit
"Avala" (2008 - 2017) for Forest Unit "Avala" in the following way:

Plot 1 - on the ascending road in the area of outstanding features "Avala"
Plot 2 - on the top of Avala (near the tower)

Plot 3 - on the descending road (Stari Majdan)

Plot 4 - Control - Bulevar Despota Stefana Street in the centre of Belgrade

Upon the survey of several potential plots, the fourth one, so-called
"control" plot in the centre of Belgrade in Bulevar Despota Stefana Street, where
the traffic is very frequent, was selected.

During the selection of plants for analysis, the inventory of all plant
species in this area was accurately conducted. And for these analyses the following
plant species were selected:

1. Tillia tomentosa Mnch.- Silver lime

2. Pinus nigra Arn.- Austrian pine

3. Plantago media L.- Hoary plantain

4. Taraxacum officinale Web.- Dandelion

Starting exactly from the fact that the amount of heavy metals in plants
directly depend on the distance from the road, the plants were taken at each plot
200-300 meters long, at the depths up to 15 meters. Only the leaves of the plants
were sampled. The samples of the leaves were collected and for each species 1-2
kilograms of material were collected from each plot. The samples were dried
without the prior washing so that the dry matter was gained. The dry leaves were
then dried in the hothouses at 105°C, grinded and used for the laboratory analyses.
(Maksimovi¢ et all. 2002):

The content of the heavy metal zinc was determined by using the method
of atomic absorption spectrometry, by "Thermo series M" mashine.

The obtained data were processed statistically by using the method of the
analysis of variance, by LSD - test. The significance of the mean values was tested
by using the Duncan's test. All tests were done at the significance level p < 0.05.
The levels (average values) in the figures marked by the same letters did not differ
significantly at the significance level p = 0.05. The results were presented in the
appropriate graphical way.

The analyses were done in the laboratory of the Department of Biology and
Ecology of the Faculty of Natural Science and Mathematics in Novi Sad and the
Institute for Biological Research "Sinisa Stankovi¢" in Belgrade.
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3. RESULTS AND DISCUSSION

Zinc is one of the micronutrients which are very important to the normal
life processes in plants and is needed in very small amounts of the order of
magnitude pg or ppm (parts per million).

The concentration of zinc in the soil ranges from 10 - 300 ppm and is
found in the form Zn2+ ions. The concentration of zinc in the plants is very small
(20 to 200 ppm). The level lower than 20 ppm in the dry matter is critical value for
most of the plant species (Carroll, Loneragan, 1969). The resistance of some plants
to the excess of this element is different, and the symptoms occur when the amount
of it in dry matter ranges from 100 to 300 pg Zn g-1. Having in mind the
importance of zinc in plant nutrition, considerably greater attention of the world
researchers was paid to the lack, than to the excess of it. By the single analysis of
variance it was studied if there were statistically significant differences in the mean
values of the amount of zinc in all plant species at each observed plot. Since by
using the analysis of variance P=0.0000<0.05 was gained, it can be claimed that, at
the probability level 95%, there are are statistically significant differences in the
amount of Zn in the observed plant species at all observed plots.

By using Dancan’s test it was studied whether there were statistically
significant differences (at the probability level 95%) among the mean values of Zn
amounts at the splant species at each of the sites.

At the ascending road towards the area of the outstanding features "Avala",
although, generally speaking, there are the statistical differences among the mean
values of zinc amounts, based on the results of Dancan’s test, it can be claimed that
the lime tree and Austrian pines are the homogenous group (i.e. there are no
statistically significant differences among the mean values of the amount of zinc
between them), and that the mean values of the amount of zinc in hoary plantain
and dandelion are statistically significantly different, regarding the differences
between them and regarding all other species. (Figure 1).
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Figure 1 The amount of zinc in the observed plant species at the site 1
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Plot 2 - Zn ng/g
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Figure 2 The amount of zinc in the observed plant species at the plot 2

Regarding the plant species at the site 2, on the top of Avala, Dancan’s test
showed that the mean values of the amount of zinc in all observed plant species
were statistically significantly different (Figure 2).
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Figure 3 The amount of zinc in the observed plant species at the plot 3

At the plot located at the descending road (Stari Majdan), although
generally speaking there are statistically significant differences, based on Dancan’s
test it can be claimed that the lime tree and Austrian pine, Austrian pine and hoary
plantain are the homogenous group (i.e. there are no statistically significant
diffrences between the mean values of the amount of zinc), and that the mean value
of the amount of zinc in the dandelion is statistically significantly different from all
other species (Figure 3).
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Figure 4 The amount of zinc in the observed plant species at the plot 4

At the plot in the Bulevar Despota Stefana Street in the centre of Belgrade,
as well at the above plots there are statistically significant differences between the
mean values of the amount of Zn. However, based on Dancan’s test it is clearly
visible that the dandelion and hoary plantain are the homogenous group (i.e. there
are no statistically significant difference between them in the mean values of the
amount of zinc), and that the mean values of the amount of zinc in the lime tree and
Austrian pine are statistically significantly different regarding the differences
between them and regarding all other species (Figure 4).

4. CONCLUSION

By comparing the data obtained in these studies with the ones from the
references (Figures 1-4), it is visible that the herbaceous species dandelion and
hoary plantain absorb more zinc than the observed woody plant species. The
woody species lime tree (14.6ug/g) at the plot 1 and Austrian pine (11.7ug/g) at the
plot 2 in these studies show the deficiency or are on the very verge on the
deficiency. (Figures 1 and 2). By comparing the mean values in all observed plant
species on each plot, it is visible that the highest accumulation of zinc was reported
at the plot 4, with the value 128,75, and the lowest mean value was 32.47 pg/g at
plot 1.

The results which were obtained undoubtedly show that the samples of
plant material from all plots were not contaminated by zinc, and that the lack of
zinc in the plant was reported at some plots. It is important to note that zinc is not
the adverse factor in the observed area of Avala.

Note

This paper was made within the projects "Forest plantations aimed at increasing
the forest area in Serbia” (TR 31041) and "Ecoremediation of the degraded area
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by the production of agro-energy crops” (TR 31078) financed by the Ministry of
Education and Science of the Republic of Serbia within the program aimed at the
technological development for the period 2011-2014.
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