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Abstract: The aim of the study was to determine the influence of the contents of total forms of lead on the
number of selected microorganisms in the light soils situated in the protected zone in the Roztocze National
Park. The experiment was carried out in spring in pine forest that belongs to Senderki Forest Sub-District. The
total number of ten soil outcrops was done in the area. The samples were taken from humus levels and mother
rock levels. The study reveals that the norms for protected zones concerning the contents of total forms of lead
were not exceeded in the forest soils. Nevertheless, a significant enrichment in total lead was observed in
surface levels, as compared with mother rock levels. The amount of total lead in humus levels influenced the
number of marked colonies of bacteria, Actinomycete and fungi, which was also proved by the statistical
analysis that was carried out. The amount of total lead in the humus level was significantly negatively
correlated with the number of marked colonies of microorganisms. It should be noted, that this study should
be treated as preliminary investigation. Further detailed investigation of the content of total lead in the
protected soils of south-eastern Poland will allow to determine the influence of this element on the number of
soil microflora.
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Pollution of soil environment with heavy metals has been studied by many
researchers for decades. In spite of decreasing emission of industrial pollution with dust
and gas in the whole area of Poland, studies on the contents of heavy metals in soils are
still being undertaken. These studies are often treated as monitoring. It is necessary to
conduct such studies because heavy metals have enormous abilities to bioaccumulate —
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they systematically accumulate in the environment, especially live environment, which
increases the intensity of their negative effects [1].

The protected zone in the Roztocze National Park is one of the areas that are under
special supervision as far as the condition of soil and contents of heavy metals are
concerned in Lublin Province. The protected zone consists mainly of light soils, which
are prone to accumulation of heavy metals. Excessive amounts of heavy metals in soil
causes changes in both quantity and quality of organisms living there, which often leads
to changes of biological activity of pedosphere [2]. It is often emphasized that
biological activity of soils should be used to determine soil quality and estimate changes
taking place in soil, that are caused by the use of potentially dangerous factors [3, 4].

The aim of the study was to determine the influence of the contents of total forms of
lead on the number of colonies of bacteria, Actinomycete and fungi in the light forest
soils situated in the protected zone in the Roztocze National Park.

Material and methods

The soils under pine forests in Senderki Forest Sub-District, situated in the protected
zone in the Roztocze National Park (which is located in south-eastern part of Poland),
were investigated in this study. These soils had granulometrical composition of loose
sands and slightly loamy sands.

The samples for the analysis were taken in May from the humus level and the mother
rock level from ten soil profiles without preserving their natural structure.

In the fresh soil material that was taken from the humus levels, the following were
marked: the number of colonies of bacteria and Actinomycete on nutrient agar with soil
extract, and the number of fungi on Martina’s nutrient agar [5].

In air-dry soil material from the humus levels and the mother rock levels the
following were marked: contents of C organic with Tiurin’s method in Simakow’s
modification, pH in H,O and in 1 mol - dm™ KCI potentiometrically, total absorptive
capacity of the soil (T), total contents of Pb in extract of HCIO, and HNO; with atomic
absorption spectrometry (AAS).

Results and discussion

The investigated genetic levels of forest soils in the protective zone in the Roztocze
National Park revealed acidic pH or strongly acidic pH (Table 1). The values of pHy
in the humus levels ranged from 4.5 to 5.0, and in the mother rock levels — from 3.8 to
4.2. The contents of C organic in the surface levels was 1.6-2.2 % (Table 1). The value
of absorptive capacity decreased with the depth of the soil profile. In the humus levels it
was within the range 4.7-5.6 cmol(+) - kg'l, and 2.8-3.6 cmol(+) - kg'1 in the mother
rock levels.

According to Kabata-Pendias and Pendias [6], the natural amount of lead in soil
should not exceed 50 mg - kg ', and the permitted amount of lead in soil should not
exceed 100 mg - kg'. Special norms for permitted amounts of metals in protected areas
[7] say that permitted amount of lead in such areas should not exceed 50 mg - kg .
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Table 1

Basic chemical properties of forest soils

Hoon | PHio | bl Coloiy | Absomiion capacity ofols (1)
Ap 5.0 4.6 1.8 49
C 4.4 4.0 not investigated 32
Ap 5.1 49 1.7 5.2
C 4.6 4.2 not investigated 2.9
Ap 4.9 4.5 2.1 4.7
C 4.2 4.0 not investigated 33
Ap 4.8 4.5 1.6 5.0
C 4.1 39 not investigated 2.9
Ap 5.0 4.8 22 5.6
C 4.2 4.0 not investigated 3.6
Ap 5.2 4.8 1.9 4.8
C 4.4 4.1 not investigated 3.1
Ap 5.0 4.7 2.0 4.9
C 4.2 4.0 not investigated 3.3
Ap 53 5.0 1.9 5.1
C 4.5 4.0 not investigated 3.1
Ap 5.1 4.8 1.7 49
C 4.4 4.0 not investigated 2.8
Ap 5.0 4.7 1.9 5.3
C 4.2 3.8 not investigated 3.1

Table 2 reveals that the permitted amount of lead was not exceeded in the
investigated soils. The content of lead in the humus levels ranged from 19.0
to 39.0 mg - kg! and was noticeably higher than in the mother rock levels
(6.8-9.4 mg - kg™).

Despite the lack of a direct threat that the content of lead (lower than permitted)
could have caused in the investigated soils, attention should be paid to the amounts of
lead in the humus levels and the mother rock levels. This study revealed enrichment of
the humus levels in lead, as compared with mother rock levels that were geo-chemical
background. This enrichment was very high and ranged from 228.9 % to 443.2 %.
Ciesla and others [8] emphasize the fact that chemical properties of forest soils like
acidic pH and high contents of C organic enhance accumulation of lead in these soils.

Heavy metals, including lead, can be present in soil for hundreds or even thousands
of years [9]. They can have a toxic effect on soil microorganisms. This effect depends
on the concentration of a metal, correlation with other elements and ecological
condition [10].

Many authors investigated the influence of heavy metals on the susceptibility of soil
microorganisms in pot experiments [11, 12]. Such investigation allows to analyse in
detail the influence of increasing doses of selected heavy metals on soil microflora. In
the soils that occur naturally in the area, relations between the concentration of heavy
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metals and the number of soil microflora are more complicated and more difficult to
estimate [2]. In spite of that, the literature presents field experiments that try to estimate
the influence of heavy metals on the number of selected groups of microorganisms in
soils located in the vicinity of the emitters of these elements [2].

Table 2

Content of heavy metals in forest soils and number of colonies of investigated microorganism

Horizon Pb | Er;rsl(;l(l)nnll;r;tr;)df ?Vliillleé’el Bactegria and :‘}ctinomy.cete ] F ung]i .
[mg - kg '] (%] [107 cfu kg d.m. soil] [10° - cfukg  d.m. soil]
Ap 21.3 300 21.0 105
C 7.1 100 not investigated
Ap 21.8 320.6 12.5 90
C 6.8 100 not investigated
Ap 29.5 364.2 5.2 92
C 8.1 100 not investigated
Ap 27.1 343.0 12.1 80
C 7.9 100 not investigated
Ap 21.7 319.1 14.8 100
C 6.8 100 not investigated
Ap 38.0 427.0 7.6 85
C 8.9 100 not investigated
Ap 31.1 330.9 11.0 104
C 9.4 100 not investigated
Ap 39.0 4432 7.2 80
C 8.8 100 not investigated
Ap 19 228.9 14.3 100
C 8.3 100 not investigated
Ap 25.0 316.5 13.0 90
C 7.9 100 not investigated

Preliminary studies carried out in this work aim at negative changes in the
monitoring potential that take place in the closest vicinity of the Roztocze National
Park. The area of the investigation was purposefully located in the forest soils in the
protected zone of the park, because in protected areas contents of heavy metals should
not exceed the norms — even the contents slightly below the norms are not satisfactory.

The humus levels of forest soils had different numbers of colonies of bacteria,
Actinomycete and fungi. The number of colonies of bacteria and Actinomycete ranged
from 5.2 t0 21.0 - 10° cfu - kg ' d.m. of soil, and in the case of fungi it ranged from 80
to 105 - 10° cfu - kg' d.m. of soil (Table 2).

The statistical analysis that was carried out revealed that the contents of total lead in
the humus levels influenced the amount of colonies of bacteria, Actinomycete and fungi.
Significant negative correlations were obtained between the contents of total lead and
the number of colonies of bacteria, Actinomycete (r = —0.754), and fungi (r = —0.580).
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Moreover, it was observed that the content of total lead was significantly, positively
correlated with pH, content of C organic and absorption capacity (Table 3).

Table 3

Correlation coefficients between Pb and basic chemical properties of forest soils at p = 0.01

Bacteria and .
pH H Corg
H0 PHKa ¢ T Actinomycete Fungi
Pb 0.897 0.887 0913 0.859 -0.754 -0.580

The preliminary results of the study suggest that it is necessary to continue further
studies in this matter, which will allow to monitor in detail the changes in soil
environment in protected areas.

Conclusions

1. Total contents of lead in the investigated soils did not exceed the permitted norms
for protected areas. However, significant enrichment of the surface levels in lead was
observed, as compared with the mother rock levels (geo-chemical background).

2. The statistical analysis that was carried out revealed that the amount of Pb in the
humus level significantly, negatively correlated with the number of colonies of bacteria,
Actinomycete and fungi that were present in the investigated soil environment.
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WPLYW ZAWARTOSCI OLOWIU OGOLNEGO
NA LICZEBNOSC WYBRANYCH GRUP DROBNOUSTROJOW
W GLEBACH LESNYCH OTULINY ROZTOCZANSKIEGO PARKU NARODOWEGO

Wydziat Nauk Rolniczych w Zamosciu
Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Celem badan byta proba okreslenia wplywu zawartosci ogolnej otowiu na liczebno$¢ wybranych
grup drobnoustrojow w glebach lekkich potozonych w otulinie Roztoczanskiego Parku Narodowego. Badania
przeprowadzono w okresie wiosennym na terenie lasu sosnowego Lesnictwa Senderki. Ogoétem w terenie
wykonano 10 odkrywek glebowych, z ktérych pobierano probki z poziomoéw prochnicznych i skaty
macierzystej. Z przeprowadzonych badan wynika, iz w glebach lesnych nie zostaly przekroczone do-
puszczalne normy zawartosci ogdlnych form otowiu opracowane dla trendw chronionych. Stwierdzono jednak
znaczne wzbogacenie w otéw catkowity pozioméw wierzchnich w stosunku do skat macierzystych. Ilo$¢
ofowiu ogdlnego w poziomach préchnicznych miata wpltyw na ilo$¢ oznaczonych kolonii bakterii i pro-
mieniowcoéw oraz grzybow. Prawidlowos$¢ ta potwierdza przeprowadzona analiza statystyczna. Ilos¢ otowiu
ogblnego w poziomie prochnicznym istotnie ujemnie korelowata z liczebnoscia kolonii oznaczonych
drobnoustrojow. Nalezy podkresli¢, iz badania przeprowadzone w niniejszej pracy maja charakter badan
wstepnych. Ich kontynuowanie pozwoli nie tylko na szczegélowe §ledzenie zawartosci ofowiu ogdlnego
w glebach chronionych potudniowo-wschodniej Polski, ale takze na ocen¢ wpltywu tego pierwiastka na
liczebno$¢ mikroflory glebowe;j.

Stowa kluczowe: otow ogélny, gleby lesne, drobnoustroje glebowe, tereny chronione



