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EFFECT OF LAND USE ON LEAD
AND NICKEL CONTENT AND DISTRIBUTION
IN RENDZINA AND RUSTY SOIL PROFILES

WP£YW SPOSOBU U¯YTKOWANIA NA ZAWARTOŒÆ
I ROZMIESZCZENIE O£OWIU I NIKLU

W PROFILACH RÊDZIN I GLEB RDZAWYCH

Abstract: The objective of the present researches was to analyze a content and distribution of lead (Pb) and
nickel (Ni) in the profiles of variously utilized rendzinas and rusty soils (forest, arable soils).
The investigations were carried out in the Lublin Upland (rendzinas) and the Sandomierz Basin (rusty

soils). Within each soil type, 10 profiles were sampled (5 profiles from arable and 5 from forest soils). Beside
the basic properties, there was established a total Pb and Ni content in the concentrated acid mixture HNO3
and HCIO4 (1:1). The samples were also examined for the determination of lead and nickel soluble in 1 mol
HCl × dm–3. The elements were determined using the AAS technique, FAAS method.
A lead content in rendzina soils ranged between 21.0 and 54.5 mg × kg–1, whereas in rusty soils from 3 up

to 32.0 mg × kg–1. Lead soluble in 1 mol hydrochloric acid accounted for 33.1–59.6 % in rendzinas, while in
rusty soils – from 3.9 up to 59.4 %.
A total Ni level in rendzinas was found within 22.0 and 46.1 mg × kg–1, whereas in rusty soils 0.5–5.0

mg × kg–1. Hydrochloric acid-soluble forms of nickel constituted 11.4–34.0 % of its total content in rendzina
soils while between 0 and 42.8 % in rusty soils. Both, rendzinas and rusty soils displayed the highest lead
content in the humus horizons and a steady quantity decrease with the depth. The changes observed in a nickel
content were not so pronounced, but in majority of profiles a lower Ni content was shown in the parent
material as compared with humus horizons.
Land use has not affected significantly a content of both analyzed elements in the soil horizons under

study.
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Heavy metal contents in natural soils in Poland prove to be low. Occurrence and
content of trace elements in soils are related with the mineral composition of parent
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material, soil properties, numerous climatic conditions and occasionally biological,
chemical and physicochemical factors. The recent years have been marked with widely
different kinds of human interventions that affect soil conditions [1]. Alike, different
land use (arable land, forest) may produce some changes in the physical, chemical and
physicochemical properties as well as in content of macro- and microelements in soils.
Nevertheless, these soils have the same pedogenesis, granulometry and mineralogical
composition [2–5]. Natural contents of heavy metals in soils and the current norms in
force should be taken into account while evaluating environmental pollution with trace
elements and their joint effect in ecosystem [6, 7].
It is assumed that Pb occurrence in soil, an element very toxic for human, is mostly

associated with the anthropogenic factors constituting the major sources of soil
pollution in Poland [8]. Nickel is a very abundant natural element whose amount is also
conditioned by a clay fraction content [9].
The present study aimed at the analysis of Pb and Ni content and distribution in the

profiles of rendzina and rusty soils under various agricultural utilization (forest, arable
land).

Material and methods

The soils under study were located in two physiographical regions: the Lublin
Upland (the Zamosc Depression) and the Sandomierz Basin (the Bilgoraj Plain). At
each physiographical region, 10 profiles were selected, ie 5 forest profiles and 5 in the
immediate vicinity of arable land. The soil samples were collected in autumn, after crop
harvest. There were examined a total of 20 soil profiles of diverse typology, formed on
chalk marls and sands. The soils developed from chalk marls are classed as rendzina
type, subtype: typical, kind: chalk marls, soil textural group: clay loams [10]. According
to the WRB, they belong to Rendzic Leptosols. The forest associations were classified
into subcontinental hornbeam forest Tilio-carpinetum typicum, forest site type – fresh
forest.
Soils derived from fluvioglacial sands are classed to rust soil type, kind: loose and

coarse sands [10], whereas in the WRB system as Haplic Arenosols.
As far as phytosociology is concerned, the forest associations from the Vaccinio-

-Piceetea class were classified to the Peucedano-Pinetum association (subcontinental
fresh coniferous forest).
The single soil samples collected from the analyzed horizons were examined for the

granulometric composition using the Casagrande and Proszynski modified aerometric
Bouyoucos method, the pH was measured in redistilled water and in 1 mol × dm–3 KCl
solution by potentiometric method, hydrolytic acidity by a titration method after
extraction with the solution of 1 mol CH3COONa × dm–3 (Kappen method), a content of
exchangeable cations was established through the extraction with the solution of 1 mol
CH3COONH4 × dm–3 of pH = 7, organic carbon level with the Tiurin method modified
by Simakow.
After soil samples mineralization in the concentrated acid mixture (nitric(V) and

chloric(VII) acids) [11], there was determined a total Pb and Ni content with the FAAS
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analytical method application, a content of Pb and Ni forms soluble in 1 mol HCl × dm–3

was established by FAAS procedure.

The obtained research findings were used to calculate total sorptive capacity,

enrichment index called concentration index as a ratio of total metal content in the

horizon A to its total average content in the horizon C [12] as well as relative topsoil

enhancement index RTE as a relation between total content in the horizon A and its

total content in the horizon B [13].

Results

The investigated rendzina soils, both forest and arable, prove to be heavy soils of

granulometric composition characteristic of clay loams with over 57 % of clay fraction

in the humus horizons of forest soils and 66 % in arable ones (Table 1). Generally, the

top horizons of forest rendzinas showed weakly acidic or neutral reaction (pH in KCl

6.0–6.9), while in the transition horizons – a reaction ranged between neutral and basic.

The humus levels of arable rendzinas, similar to underlying (transition) ones, showed a

neutral reaction. A parent material reaction in both forest and arable rendzinas appeared

to be basic and was found within 7.4–7.7 and 7.2–7.4, respectively (Table 1).

Table 1

Selected physicochemical and chemical properties of rendzinas (average values)

Properties of soils
Forest soils Arable soils

Aca ACca Cca Apca ACca Cca

1–0.1

[mm]
Share

of fractions [%]

21–32*

23**

0–22

11

— 4–27

13

13–16

14

—

0.1–0.02
14–24

20

14–22

18

— 16–31

21

12–21

17

—

< 0.02
54–59

57

57–85

71

— 52–77

66

63–75

69

—

pH in H2O

pH in KCl
Range

6.2–7.1

6.0–6.9

6.8–7.8

6.8–7.6

7.6–8.1

7.4–7.7

7.4–7.7

6.9–7.2

7.6

6.9–7.1

7.5–7.8

7.2–7.4

Organic C [g × kg–1]
30.8–45.2

37.68

6.0–15.0

11.16

2.4–16.2

7.44

12.6–33.0

20.58

7.8–9.6

8.60

1.2–9.0

5.16

Hh

[mmol(+) × kg–1]

10.7–55.9

25.4

7.5–12.0

8.8

6.0–8.2

6.7

6.0–10.5

8.7

6.5–8.2

7.5

6.6–8.2

7.2

CEC
396–908

633

957–1327

1230

1155–1447

1290

647–1166

990

1121–1284

1217

1285–1412

1343

* – range, ** – average from 5 examined points.

In forest rendzinas, a mean content of organic carbon in the humus horizons averaged

37.68 g × kg–1 and was found within 30.8–45.2 g × kg–1. It appeared to be higher than

that established in arable rendzina soils (mean 20.58 g × kg–1, a range between 12.6–33.0

g × kg1) (Table 1).
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Hydrolytic acidity in the forest rendzina humus horizons amounted to average 25.4

mmol(+) × kg–1, while in the arable – 8.7 mmol(+) × kg–1. The obtained research findings

reveal this feature value to decrease with the depth (Table 1). Sorptive capacity in the

forest rendzina humus horizons were lower as compared with the arable ones and its

value was growing with depth (Table 1).

Rusty soils belonged to very light soils derived from loose and coarse sands, with

a clay fraction content under 4 %. Humus horizons in the forest soils and arable soils

showed a strongly acidic or acidic reaction, while the parent material was acidic in

reaction (Table 2).

Table 2

Selected physicochemical and chemical properties of rusty soils (average values)

Properties of soils
Forest soils Arable soils

A Bv C A Bv C

1–0.1

[mm]
Share

of fractions [%]

88–93*

91**

91–94

92

92–96

93

83–95

89

81–93

88

88–96

93

0.1–0.02
4–11

7

3–6

5

2–7

4

3–11

7

3–13

8

1–5

3

< 0.02
0–3

2

2–4

3

0–5

3

2–7

4

2–6

4

3–7

4

pH in H2O

pH in KCl
Range

4.2–5.9

3.6–5.1

4.6–6.0

4.3–5.4

5.0–5.9

4.7–5.4

4.7–5.6

3.9–4.9

5.0–6.1

4.6–5.6

5.5–5.9

4.7–5.2

Organic C [g × kg–1]
4.2–12.0

8.4

1.3–5.6

3.56

0 5.6–20.4

13.16

2.0–4.8

3.04

0

Hh

[mmol(+) × kg–1]

24.0–55.5

40.8

15.0–39.0

27.3

9.0–15.0

12.3

21.0–70.5

45.9

15.0–39.0

24.6

9.0–12.0

11.4

CEC
25.1–57.2

43.3

16.4–40.6

29.0

10.8–15.6

13.6

25.8–75.0

51.2

21.1–41.1

28.0

11.9–16.1

13.7

* – range, ** – average from 5 examined points.

In the forest soil humus levels, an organic carbon content ranged within 4.2–12.0

g × kg–1 (average 8.4 g × kg–1), whereas in the arable soils from 5.6–20.4 g × kg–1

(average13.16 g × kg–1).

Hydrolytic acidity in the humus horizons of rusty forest soils was lower than in

arable soils and amounted to 40.8 mmol(+) × kg–1 and 45.9 mmol(+) × kg–1, respectively,

in both land uses, its value decreased with depth (Table 2). Alike, sorptive capacity in

forest soil humus horizons that averaged 43.3 mmol(+) × kg–1 proved to be lower as

compared with arable soils (average 51.2 mmol(+) × kg–1). As for parent material,

sorptive capacity was similar, irrespective of land use. Rusty soil humus levels as

against the parent rock were characterized with higher hydrolytic acidity and sorptive

capacity (Table 2).

Total lead content in rendzina humus horizons was within 37.5–54.5 mg × kg–1 range,

its differentiation was dependent on a sampling site but not land use (Table 3).This

content decreased steadily with the profile depth.
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Table 3

Average content of lead and nickel in examined rendzinas

Parameter
Forest soils Arable soils

Aca ACca Cca Apca ACca Cca

Pb total

[mg × kg–1]

42.5–51.0*

45.3**

37.0–42.5

40.0

24.5–35.5

28.8

37.5–54.5

44.1

37.0–40.0

38.7

21.0–39.5

30.8

Pb in 1 mol

HCl × dm–3

18.4–26.8

23.1

13.7–23.1

17.36

9.3–12.9

11.6

17.5–23.6

20.36

13.7–19.4

16.53

9.4–13.5

12.88

Mobility

coefficient

42.8–59.6

50.98

35.1–54.4

43.1

36.1–52.7

40.98

39.8–51.9

46.58

37.0–42.3

42.6

33.1–51.9

42.86

RTE
1.07–1.26

1.13

0.96–1.47

1.14

Accumulation

coefficient

1.28–1.76

1.59

0.96–2.59

1.55

Ni total

[mg × kg–1]

25.0–38.5

32.4

31.3–36.0

33.1

22.0–32.5

29.8

22.5–40.0

29.8

34.0–46.1

40.67

23.5–40.0

31.4

Ni in 1 mol

HCl × dm–3

5.6–9.2

7.64

6.3–8.0

7.24

5.1–7.3

6.58

3.6–9.1

7.36

5.3–8.4

7.07

6.3–7.4

7.14

Mobility

coefficient

17.4–26.7

23.36

17.5–25.0

21.98

15.4–31.8

22.66

16.0–34.3

24.98

11.4–24.7

18.07

17.7–31.5

23.86

RTE
0.79–1.12

0.99

0.48–1.12

0.93

Accumulation

coefficient

1.0–1.18

1.10

0.56–1.13

0.98

* – range; ** – average from 5 examined points; RTE – relative enhancement index.

A content of lead soluble in 1 mol HCl × dm–3 was similar. Its content range in humus

levels was from 17.5–26.8 mg × kg–1 that accounted for 39.8–59.6 % of total Pb content

(named as mobility coefficient representing a percentage of this lead form in its total

content). Besides, a content of this lead form also declined consistently with depth of

the studied soil horizons.

The index of relative enhancement of lead (RTE expressing a ratio between total

metal content and its content in the underlying profile) in the humus horizons in both

forest and cultivated soils was similar and averaged 1.13. There was noted substantial

scatter of the index for cultivated soils. Alike, the concentration index (accumulation

coefficient) expressing a ratio of total lead content in the humus horizons to its

concentration in parent rock material, was on average 1.59 in forest soils and 1.55 in the

arable.

Irrespective of rendzina use, total Ni content in rendzina humus profiles was found

within 22.5–40.0 mg × kg–1. Under both management ways, the rendzina transition

horizons showed higher mean nickel contents than the humus profiles and parent

material.

Content of 1 mol × dm–3 hydrochloric acid soluble nickel in humus horizons of

examined rendzinas was in the range of 3.6–9.2 mg × kg–1 that constituted 16.0–34.3 %
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of its total content (Table 3). This Ni form concentration was affected by neither land

use nor genetic horizon.

RTE index appeared to be below 1, whereas concentration index in forest soils

averaged 1.1 and 0.98 in cultivated soils.

Total lead content in the humus horizons of forest rusty soils amounted to mean 22

mg × kg–1, whereas in arable soils – 17.1 mg × kg–1 (Table 4). In the soils under both

utilization ways, there was observed this element decrease with depth.

Table 4

Average content of lead and nickel in examined rusty soils

Parameter
Forest soils Arable soils

A Bv C Ap Bv C

Pb total

[mg × kg–1]

15.0–27.0

22

11.0–32.0

17.7

4.0–7.1

5.42

9.0–24.0

17.1

5.0–15.5

10.9

3.0–9.0

6.9

Pb in 1 mol

HCl × dm–3

7.1–9.7

8.10

3.5–7.9

5.68

0.5–1.3

0.96

4.5–10.7

8.6

1.5–6.9

3.8

0.3–2.3

1.3

Mobility

coefficient

27.3–64.7

39.3

24.7–44.3

33.8

12.7–26.0

18.1

35.4–69

52.0

26.1–49.3

34.4

3.9–31.7

18.7

RTE
0.8–2.0

1.38

1.4–1.8

1.60

Accumulation

coefficient

3.03–6.75

4.29

1.89–3.16

2.57

Ni total

[mg × kg–1]

1.0–3.0

2.0

1.0–3.5

2.0 0.5

1.0–5.0

2.3

1.5–5.0

2.3

0.5–2.5

0.9

Ni in 1 mol

HCl × dm–3

0–1.5

0.54

0–1.5

0.5 0

0–1.2

0.5

0–1.5

0.4

0–0.7

0.1

Mobility

coefficient

0–50

21

0–42.8

20.2 0

0–39.3

12.7

0–30.0

11.9

0–28.0

5.6

RTE
0.5–1.5

1.08

0.5–1.65

0.96

Accumulation

coefficient

2.0–6.0

4.0

2.0–5.6

2.92

* – range; ** – average from 5 examined points; RTE – relative enhancement index.

Content of 1 mol × dm–3 hydrochloric acid soluble lead in humus profiles was

reported to be similar and this element amount declined with depth. Mobility factor in

the forest soil humus horizons averaged 39.3 %, while in arable soils – 52 %.This factor

tended to decrease with depth and it had similar values for both utilization ways.

A relative enrichment index of lead in the humus horizons of forest soils reached

1.38 on average, whereas in arable – 1.60. A mean concentration index in forest soils

was markedly higher than in arable and amounted to 4.29 and 2.57, respectively

(Table 4).

A nickel content in the studied rusty soils was very low and did not exceed

5 mg × kg–1. Parent material of these soils appeared to be substantially poorer as
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compared both with humus and rusting horizons. Mean content of 1 mol × dm–3

hydrochloric acid soluble nickel in the humus and rusting profiles averaged ca

0.5 mg × kg–1, regardless land use, that in forest soils constituted 21.0 and 20.2 % of

total content, while in arable soils 12.7 and 11.9 %, respectively.

The RTE index reached mean value 1.08 in forest soils and 0.96 in arable. Similarly

for lead, a concentration index reported for forest soils proved to be notably higher than

for arable (Table 4).

Discussion

Naturally occurring metals level in loamy soils is 70 mg Pb × kg–1 and 50 mg

Ni × kg–1, while in light soils – 30 mg × kg–1 and 10 mg × kg–1, respectively [14].

Considering the limit numbers, the rendzina and rusty soils under study should be

classed into soils of natural lead and nickel content (0o of pollution).

Analyzing lead distribution in the profiles of rendzinas and rusty soils, both forest

and arable, there was found its higher level in the humus horizons than in parent rock

material. That gives evidence of anthropogenic origin of this element. Similar research

findings were reported by other authors [15, 16].

Land use did not exert any significant impact on Pb content and distribution in the

studied soil horizons. Rusty soils tended to show a lower lead content in arable ones.

According to other studies [17, 18] humus profiles of forest soils were characterized

with an elevated lead content as compared with arable ones.

Average mobility factor (MF) expressing a percentage of nickel soluble in

1 mol × dm–3 HCl in its total content, appeared to be higher in humus horizons of both

soils as compared with those underlying them. While in rendzinas, the MF obtained

higher values than in rusty soils.

In rendzina soils, irrespective of land use, the transition horizons were shown to have

higher Ni contents as against the humus ones and parent material, whereas in rusty soils,

the lowest nickel content was detected in the parent rock material. Nickel mobility in

rendzinas was markedly higher in rusty soils as mobility factor displayed. These

research results were consistent with those presented by other authors [19, 20].

RTE – relative topsoil enhancement index [13] for lead and nickel in the investigated

soil types was low but higher for lead. While concentration index calculated from a ratio

of element content in humus horizon to its content in parent material for Pb and Ni in

rendzinas turned out to be similar, regardless agricultural use. Similar value of this

index for other metals in black soils was reported by Dabkowska-Naskret et al [12]. In

rusty soils, this index was close to that for Pb and Ni but markedly higher than in

rendzinas. In these soils concentration index value varied subject to land use. The forest

soils showed the index nearly twice that of arable soils.

Conclusion

1. Total content of lead and nickel in the studied rendzinas and rusty soils was

characteristic of soils with the metals occurring naturally (0o of pollution).
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2. Humus horizons of rendzina and rusty soils displayed higher Pb content than the

underlying ones and steady decline of its amount with depth. Changes in Ni levels were

not so marked, but in majority of profiles there was observed a lower content of the

element in parent material compared with humus horizons.

3. Land use did not have a significant influence on both elements content in soil

profiles analyzed.

4. In rendzinas, average lead and nickel concentration index appeared to be

substantially lower as against rusty soils.

References

[1] Czarnowska K.: Roczn. Glebozn. 1996, XLVII, 43–50.
[2] Kobierski M., D¹bkowska-Naskrêt H. and Jaworska H.: Zesz. Probl. Post. Nauk Rol. 2005, 507,

285–294.
[3] Smal H. and Ligêza S.: Acta Agrophys. 2001, 56, 283–295.
[4] Sk³odowski P. and Zarzycka H.: Roczn. Glebozn. 1995, XLVI(3/4), 37–44.
[5] Wójcikowska-Kapusta A.: Rozpr. habil. 209, Wyd. AR w Lublinie, Lublin 1998, p. 1–67.
[6] Czêpiñska-Kamiñska D. and Janowska E.: Zesz. Probl. Post. Nauk Rol. 2000, 471, 895–902.
[7] Gorlach E. and Gambuœ F.: Zesz. Probl. Post. Nauk Rol. 2000, 472, 275–296.
[8] Tujaka A., Terelak H. and Pietruch Cz.: Roczn. Glebozn. 2004, LV, 213–219.
[9] Lipiñski W. and Bednarek W.: Zesz. Probl. Post. Nauk Rol. 1997, 448a, 231–235.

[10] PTG.: Systematyka Gleb Polski. Roczn. Glebozn.1989, XL(3/4), 54–59.
[11] Ostrowska A., Gawliñski S. and Szczubia³ka Z.: Metody analizy i oceny w³aœciwoœci gleb i roœlin.

Katalog. IOŒ, Warszawa 1991, p. 1–334.
[12] D¹bkowska-Naskrêt H., Jaworska H. and Kobierski M.: Zesz. Probl. Post. Nauk Rol. 2000, 471,

237–244.
[13] Kocia³kowski Z.W., Diatta J.B. and Grzebisz W.: Zesz. Probl. Post. Nauk Rol. 2000, 471,103–112.
[14] Kabata-Pendias A., Motowicka-Terelak T., Piotrowska M., Terelak H. and Witek T.: Ramowe wytyczne

dla rolnictwa. Ocena stopnia zanieczyszczenia gleb i roœlin metalami ciê¿kimi i siark¹. IUNG, Pu³awy
1993, P(53), p. 1–20.

[15] Gêbski M., Stêpieñ W. and Mercik S.: Zesz. Probl. Post. Nauk Rol. 2000, 472, 267–273.
[16] Sk³odowski P. and Maciejewska A.: Roczn. Glebozn. 1986, XXXVII(4), 67–78.
[17] Dom¿a³ H, Wójcikowska-Kapusta A. and Pranagal J.: Zesz. Probl. Post. Nauk Rol. 1995, 418, 191–198.
[18] Szymona J. and Sawicki B.: Zesz. Probl. Post. Nauk Rol. 2000, 472, 641–644.
[19] Terelak H. and Piotrowska M.: Zesz. Probl. Post. Nauk Rol. 1997, 448b, 317–328.
[20] Miechówka A., G¹siorek M. and Zaleski T.: Zesz. Probl. Post. Nauk Rol. 1997, 448b, 197–202.

WP£YW SPOSOBU U¯YTKOWANIA NA ZAWARTOŒÆ I ROZMIESZCZENIE O£OWIU
I NIKLU W PROFILACH RÊDZIN I GLEB RDZAWYCH

1 Pracownia Rekultywacji Gleb i Gospodarki Odpadami
Instytut Gleboznawstwa i Kszta³towania Œrodowiska, Uniwersytet Przyrodniczy w Lublinie,

2 Katedra Ochrony i Kszta³towania Œrodowiska
Wydzia³ Nauk Rolniczych w Zamoœciu, Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Celem przeprowadzonych badañ by³a analiza zawartoœci i rozmieszczenia o³owiu i niklu w pro-
filach rêdzin i gleb rdzawych ró¿nie u¿ytkowanych (las, pole uprawne).

Badania przeprowadzono na Wy¿ynie Lubelskiej (rêdziny) i w Kotlinie Sandomierskiej (gleby rdzawe).
Z ka¿dego typu gleb pobrano próbki z 10 profili (po 5 profili gleb uprawnych i po 5 profili gleb leœnych).
Oprócz podstawowych w³aœciwoœci oznaczono ca³kowit¹ zawartoœæ o³owiu i niklu po mineralizacji gleby
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w mieszaninie stê¿onych kwasów HNO3 i HClO4 (1:1). W pobranych próbkach oznaczono równie¿ formy

o³owiu i niklu rozpuszczalne w 1 mol × dm–3 HCl. Pierwiastki te oznaczono technik¹ ASA metod¹ FAAS.

Zawartoœæ o³owiu w rêdzinach zawiera³a siê w przedziale 21,0–55,9 mg × kg–1, a w glebach rdzawych od

3 do 32,0 mg × kg–1. O³ów rozpuszczalny w 1-molowym kwasie solnym stanowi³ od 33,1 do 59,6 %

w rêdzinach i od 3,9 do 59,4 % w glebach rdzawych. Ca³kowita zawartoœæ niklu w rêdzinach waha³a siê od

22,0 do 46,5 mg × kg–1, a w glebach rdzawych od 0,5–5,0 mg × kg–1. Formy niklu rozpuszczalne w kwasie

solnym stanowi³y w rêdzinach od 11,4 do 34,0% ca³kowitej zawartoœci, a w glebach rdzawych od 0 do

42,8 %.

Zarówno rêdziny, jak i gleby rdzawe charakteryzowa³y siê najwiêksz¹ zawartoœci¹ o³owiu w poziomach

próchnicznych i jego iloœci systematycznie zmniejsza³a siê wraz z g³êbokoœci¹. Zmiany w zawartoœci niklu

nie by³y tak jednoznaczne, chocia¿ w wiêkszoœci profili obserwowano mniejsz¹ zawartoœæ tego pierwiastka

w skale macierzystej ni¿ w poziomach próchnicznych.

Sposób u¿ytkowania nie mia³ istotnego wp³ywu na zawartoœæ obu analizowanych pierwiastków w pro-

filach badanych gleb.

S³owa kluczowe: rêdziny, gleby rdzawe, o³ów, nikiel, las, pole uprawne
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