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Summary

Miocene sediments, collected during brown coal excavation, have gener-
ally mechanical composition of loamy sand. The most negative feature of
them is a very low pH-value, in a consequence of pyrite-oxidation. 20
years after technical reclamation and dump areas afforestation, a few
conclusions about effects of the reclamation have been drawn: 1). The
soil material in layer from 1 to 2 m deep is not homogenous. The layer
from 0 to 20 cm is more homogenous as the result of mechanical cultiva-
tion before the sowing; 2). After the slopes leveling intensive erosion
processes have been occurred. About 25% of the total area has been
damaged by water erosion. This effect should be connected with the ab-
sence of plant-cover; 3). Soil-formation is related to anthropogenic ac-
tivity, especially intensive liming, mineral fertilizing and afforestation.
The influence of afforestation on soil is yet not very high. Clearly visible
is a thin duff-layer (Ap)— about 1 cm; 4). Nevertheless the heavy machines
using during leveling, physical and water properties of the soils are quite
good; 5). The high lime doses (35-50 Mg-ha™) causing rising the pH of
top-soil-material (20-30 cm deep) to the value about 5-8. The soluble
forms of Ca and Mg have been elevated considerably; 6). The mineral
fertilizing has caused an increase in the available forms of K and P; 7).
In the effect of waste lime use (from the smelting work) a distinct increase
of the heavy metal content in the soil (especially Cu, Pb, Zn, Cd, Mn and
Co) has been noted.
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Introduction

As a result of brown coal exploitation with the open-pit method, the wide
excavations surrounded by overburden dumps are originating. Very oft the
grounds of these dumps have extremely bad properties and can not be covered
with plants simple and fast ways. Areas like these are characterized by the ab-
sent of normal formed soil-cover. Presented grounds are very poor of plant-
nutrients and microflora and microfauna are not stable. Their defective chem-
ism make recultivation very problematic at the all stages. Additionally the sit-
uation of such grounds is more complicated after wrong made technical reculti-
vation stage.

A good example of such situation can be the large area near Leknica-city in
southern part of Lubuskie Province, strongly transformed by pit-mining of the
brown coal.

Methods

For the experimental purposes were chosen two fields near Bobrowice-
village (in the Leknica-city locality). Both of them were located on the dump-
top, formed after ending of the brown coal exploitation (fig. 1). Before the be-
ginning of field experiment technical stage of recultivation (slopes forming and
dump-tops leveling), first part of the chemical (liming with 35-50 t/ha lime
doses) and biological stages (planting of the pine-trees) were leaded.

A few years after this recultivation-point many negative occurrences were
observed, which have shown how the all reclamation process can be ended with
bad result.

Both of experimental fields were founded to show all imperfections of pri-
marily employed methods and techniques, and to drive recultivation to the
proper direction. For this purpose the fertilizing field-experiment was founded.

In the experiment’s beginning first area (called “A”) was planted with 6-
years old pine trees, the second one (called “B”) — with 1-year old pine trees.

In the both experimental areas (objects “A” and “B”) plots were established
with different fertilizing treatments. Schema of the fertilizing combinations is
shown below — in table 1.

First of all the fields was liming with additional doze of carbonate-
magnesium-lime from the zinc smelter (after-flotation-lime), done 12" of No-
vember 1986. Mineral fertilizing (in accordance to experiment’s schema) was
made 09" of April 1987. Used fertilizers: N — ammonium nitrate, P — super-
phosphate, K — 50% potash salt.
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Fig. 1. Localization of the experimental fields (selected by the black ring)

Tab. 1. Schema of the fertilizing field experiment

Plot No Lime N | P0s | K20
Object "A"| Object "B"| [Mg/ha] kg/ha
1 11 0 0 0 0
2 12 8 0 0 0
3 13 0 100 70 0
4 14 0 100 0 160
5 15 0 100 70 160
6a 16a 0 200 140 320
6b 16b 0 400 140 320
7 17 8 100 70 0
8 18 8 100 0 160
9 19 8 100 70 160
10a 20a 8 200 140 320
10b 20b 8 400 140 320
N N 0 100 0 0

Before during and after the experiment, all the parameters important for the
proper describing of recultivation process have been measured. They were: soil
physical and chemical properties, pine trees mass increase, pine trees chemical
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composition. Also natural succession on the each experimental field was ob-
served and noted. Experimental fields were subdivided to the rows — 10 rows
pro plot. For statistical tendencies description, occurred during experiment,
each of measurements was 5-times repeated (using material from 2 rows pro 1
mixed sample). All of measurements were statistically worked out, using varia-
tion analysis module of “Statistica for Windows” software.

Results

Primarily ground’s properties
Before the experiment’s beginning (7 years after first liming, with high doz-
es) the ground of both dump areas had mechanical composition of the loamy
sand. The organic matter content was high, cause the brown coal admixture
(tab. 2).

Tab. 2. Physical and chemical properties of the post mining dump material
(surface layer 0-20 cm) before biological recultivation (after mechanical recul-

tivation)

Ground properties Range (f;z\rﬁrzagzz;/rﬁlpulis)
Mechanical composition [%]
1,0-0,1 mm 52-69 63
0,1-0,02 mm 20-31 24
< 0,02 mm 11-22 13
Organic matter [%] 0,81-3,10 1,83
Total N [%] 0,011-0,067 0,035
Total S [%] 0,17-0,65 0,39
pH in H,O 2,00-3,80 -
pH in 1m KCI 1,98-3,28 -
Hydrolitycal acidity [cmol/kg] 9,68-16,13 14,03
P,Os (available for plants) [ppm] 1,0-15,0 6
K,O (available for plants) [ppm] 10-70 24
Mg (available for plants) [ppm] 3-186 29
Ca (available for plants) [ppm] 12-91* 13
Na (available for plants) [ppm] 0,8-3,2 2,0
Bulk density [g/cm’] 1,16-1,64 1,42
Capillary water capacity [Yoweignt] 20,9-36,4 25,6

" - single result
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The ground physical properties have been quite good, similar to this noted
on the arable soils with mechanical composition of loamy sands. Chemical
properties of analyzed ground were extremely different. Very low pH values
(pHker 1,98-3,28) and high hydrolytical acidity (9,68-16,13) made the ground
toxic for plants and not suitable in this stand for biological recultivation. Addi-
tionally the content of macro- and micronutrients was very low. As a result of
high C-content the situation of very bright C:N relation occurs, what clearly
shows that the cultivated plants have not chance for good growing.

Ground’s properties after first stage of bio-chemical recultivation

Leveled and formed area of the former brown coal pit-mine was biochemical
recultivated for first time at the 1978. Reclamation processes were driven till
the 1985. The high dozes of lime (35-50 t/ha) and typical for the forest growing
fertilizing were applied. 10 years after these processes properties of the ground
were analyzed. Results are shown in table 3 of this paper.

Tab. 3. Physical and chemical properties of the post mining dump material
(surface layer 0-20 cm) after biological recultivation in the 1985

Ground properties Range (fé\rf;a(?z;’rﬁlpﬁs)
Organic matter [%] 0,85-3,00 1,80
Total N [%] 0,012-0,070 0,040
pH in H,0 3,90-8,00 -
pH in 1m KCI 3,70-7,70 -
Hydrolitycal acidity [cmol/kg] 0,30-8,30 3,25
P (available for plants) [ppm] 11-40 25,7
K (available for plants) [ppm] 22-42 31,6
Ca (available for plants) [ppm] 360-6890 600
Na (available for plants) [ppm] 1,2-3,4 2,4
Bulk density [g/cm’] 1,25-1,48 1,38
Capillary water capacity [Yoweignt] 12,19-31,69 21,55

Distinctly visible is the P- and K-soluble forms content in the ground in-
crease. The organic matter and total nitrogen content have left without changes.
Also physical properties were analogical to the former results. Very important
changes were noted in acidity value, but they are referred only to a few investi-
gation slops and additionally to the thin surface layer of ground (0-5 cm).
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Ground’s properties after 10 years of experiment

Start point of the field fertilizing experiment was 10 years after mechanical
recultivation of brown coal mine area.

Distinct influence of the applied fertilizing combinations was observed in
the ground sample analytical results. It was visible as good in the chemical
properties and composition of the ground (tab. 4, 5), as in the ground’s bios-
phere as well.

Tab. 4. The physical and chemical properties of ground’s surface layer (0O-
20 cm) 10 years after experiment ending (20 years after mechanical recultiva-
tion)

Bulk . . .
Plot | densi- Capill. | Air OH - qu(;c_)llt. Bases CEC
No. ty wat.cap. | cap. H,0 pHkci | acidity sum

glem® | %oueignt | Yol cmol/kg | cmol/kg | cmol/kg
1/A 1,38 | 20,70 | 824 | 80 | 7,7 0,3 9,2 9,5
2/IA 137 | 2446 | 576 | 6,7 | 65 3,4 7,0 10,4

3/A 128 | 2128 |1125| 75 | 7,2 0,6 18,5 19,1

4/A 138 | 12,19 11093 | 72 | 7,0 15 14,5 16,0

5/A 132 | 20,83 |1551| 65 | 64 3,8 9,2 13,0
6/A 135 | 2031 | 974 | 70 | 69 15 13,2 14,7
71A 134 | 1942 (1052 | 6,0 | 58 53 6,7 12,0
8/A 134 | 2648 | 852 | 6,7 | 65 2,2 7,2 9,4
9/A 137 | 2298 | 836 | 59 | 57 51 7,3 124
10/A | 135 | 1258 2572 | 47 | 41 79 3,0 10,9
1/B 148 | 21,72 | 232 | 56 | 51 3,7 2,5 6,2
2/B 146 | 21,75 | 273 | 74 | 71 0,8 9,0 9,8
3/B 143 | 21,17 |1284| 69 | 6,8 13 55 6,8
4/B 146 | 2284 | 171 | 68 | 6,6 14 6,5 7,9
5/B 142 | 2359 | 365 | 73 | 71 0,9 8,3 9,2

6/B 137 | 2333 | 392 | 73 | 67 2,3 12,9 15,2

7/B 125 | 3169 | 069 | 68 | 6,6 2,2 18,8 21,0

8/B 131 | 28,60 | 258 | 45 | 43 59 2,6 8,5

9/B 1,46 1540 [20,24| 42 | 40 6,6 2,5 91

10/B 1,42 17,62 [1298| 39 | 37 8,3 1,2 9,5
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Tab. 5. The chemical composition of ground’s surface layer (0-20 cm) 10 years

after experiment ending (20 years after mechanical recultivation)

Org.
#lo mat?er
No. ™, Ik -

0 |CmOl/kg | ppm | ppm | ppm | ppm ppm

1/A 1,25 0,0 0,0 448 12 42 109 16,2

21A 2,35 0,0 80,1 | 448 14 42 89 30,4

3/A 1,71 0,0 0,0 224 32 32 208 41,7

4/A 2,42 0,0 40,1 | 448 11 32 139 31,3

5/A 2,64 0,0 80,1 224 24 26 147 120,1

6/A 3,10 0,0 16,0 | 336 20 28 103 53,7

7IA 2,45 0,0 8,0 224 20 29 149 63,4

8/A 2,35 0,0 16,0 224 27 30 147 60,8

9/A 2,88 0,0 32,0 | 336 20 30 109 49,7

10/A | 1,90 0,59 80,2 224 29 32 127 40,2

1/B 0,81 0,0 112,2 12 25 28 111 41,9

2/B 0,89 0,0 104,2 | 224 31 34 120 23,0

3/B 0,93 0,0 72,1 224 31 30 119 24,0

4/B 1,01 0,0 96,1 | 448 35 22 105 13,1

5/B 0,82 0,0 0,0 484 19 26 86 9,8

6/B 2,20 0,0 232,0 | 672 38 34 128 19,0

7/B 1,57 0,0 96,1 | 448 40 34 208 20,3

8/B 1,71 1,00 264,4 | 448 22 36 71 22,1

9/B 1,71 1,27 80,1 560 39 30 119 17,7

10/B | 1,83 2,44 192,3 | 560 25 36 158 20,0

AI EXCh. S'SO4 Ntotal I:’suit. Ksuit. Catotal C: N

It was observed, that additional lime doze caused in top layer of the ground
pH value increase, but such simple relation was not a rule. In the layers lying
deeper (below 10 cm) the pH values were more similar to the primarily values.

The side effect of the waste lime from zinc smelter was an increase of heavy
metals content in the ground (tab. 6). It was noted very distinct relation between
heavy metals content in ground and depth of the ground layer, caused by the
high sorption capabilities of the humid organic matter from the plants leavings
(in top layer 0-5 cm).

The nutrient content in ground was very low, much lower than plant needs
in spite of the intensive fertilizing. However the highest fertilizers dozes have
caused increase in nutrients content in dump’s ground comparing to the primar-
ily situation.
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The ground physical properties were not bad, in spite of the heavy machines
using during leveling and slopes forming, and bulk density had values similar to
the arable soils.

Tab. 6. Heavy metal content in the additional limed plots ground, 10 years after
experiment ending (lime material from zinc smelter) [mg-kg™ d.m.]

Depth [cm] Cu Zn Cd Pb Ni Co Mn Fe
0-5 49,1 168,1 1,28 10,9 84,2 7,1 2440 7360
510 2,0 27,0 0,08 4,1 3,6 16 14,8 3700

10 15 32 31,7 0,18 5,6 4,6 2,0 9,1 4200
15-20 1,8 16,2 0,92 6,8 4,2 2,0 9,1 2940
20-30 19 19,1 0,90 6,6 3.8 2,6 9,1 3080
30-50 1,8 24,4 0,91 6,8 35 2,2 10,3 2900
50-100 2,0 16,6 0,94 7,0 3,6 2,0 9,1 2600

Erosion processes in the areas under investigation

The both experimental fields were located on the dumps tops, about 50 m
from the slope-edges. This situation have caused safety for the fields from in-
tensive erosion processes. Only the surface- and flute-water erosion were ob-
served. In the object “B” strong erosion occurrences, like ravines (2-5 m deep)
have been observed during the experiment period at the experimental field’s
edges.

All the rest of dump areas were year by year after mine exploitation and me-
chanical recultivation very strong eroded. 20 years after this primarily reculti-
vation stage the area shows truly cosmic landscape (fig. 2).

S Py

Fig. 2. A view on reclaimed area 20 years after leveling and slopes forming.
The strong erosion processes (ravine erosion) are observed
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They are two reasons of such situation. First of them is mechanical composi-
tion of the ground (loamy sand reach in silt and fine sand fractions). The
second one is plant cover absent, connected with defective chemical properties
of the ground (fig. 3).

ain reason
of erosion processes intensity

Discussion

The recultivation was made on the ground with good mechanical composi-
tion. Maciak [1996] has classified loamy sands in the category of grounds -
“good or defective — usable for forest and agricultural recultivation after water
relations regulation (if necessary) — potentially productive”. This mechanical
composition is good enough for most of the cultivating plants.

The negative side of described area is it’s very defective chemism. The
PHkc value of the ground is classified as strong acid [Dobrzanski i Zawadzki
1993]. Additionally situation is complicated by the high hydrolitycal acidity
value (10-16 cmol/kg). It is connected with a big pyrite content in dump-
ground. In the oxide conditions a reaction occurs, driven to sulphur acid origi-
nation [Katzur 1976; Krzaklewski 1986; Greinert 1988]:

2 FeS, +7 0, + 2H,0 - 2 FeSO, + 2 H,SO,
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4 FeSO4 +2 HZSO4 + 02 2>2 Fez(SO4)3 +2 Hgo
Fez(SO4)3 + 6H20 > Fe(OH)3 +3 HQSO4.

For the most of plants optimal pHkc value is between 5 and 7 [Nowosielski
1974]. So, the effective biological recultivation of areas like this must to be
preceded by very intensive liming (using high dozes of lime). Because of this
need biological live of the limed area is totally changed [Greinert 1988, 1996].

Additionally many different chemical occurrences are noted. Brady [1984]
has pointing at the antagonistic effects of the large amount of Ca™ ions in soil
moisture for the K¥, Mg™™ and other cations collecting possibilities by plants as
a result of physiological blocking these ions by Ca*™ ions. Also good known is
antagonistic effect between Ca™ and P [Rodina 1968; Filipek 1994], as a result
of chemical sorption (forming of the indissoluble compounds of P). It has lead-
ing to the nutrients deficit occurrence in soil and results in worse plant growing,
what was observed in described experiment.

Many authors have given information about the necessity of the high NPK
applying after recultivation lime input [Bender i Gilewska 1988, Bender 1995].

For the recultivation should be used lime material without large amounts of
heavy metals. Owing to this, waste lime material (per example from smelters)
applying must be made with special attention, each time under chemical station
control. It is very important when are using a large amounts of potential danger
(in long-term scale) waste materials.

Conclusions

— Recultivation of strong acid Miocene sediments on the dumps after brown
coal open-pit exploitation is difficult and expensive.

— To make possible biological recultivation of the pyrite containing dumps
high lime dozes must be used (50 Mg/ha and higher). This process effects
different ways for the environment.

— After leveling, slopes forming and liming the high dozes of plant nutrients
(above 400 kg NPK/ha) must be applied.

— Reclaimed grounds must be under long-term control, because their instabili-
ty.

— Materials used for reclamation purposes should be as pure as possible, espe-
cially without heavy metals and other long-term stable, toxic elements.

— The areas after open-pit mining must be fast covered by plants to avoid ero-
sion processes.
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REKULTYWACJA LESNA HALD POKOPALNIANYCH.
I. ZMIANA WEASCIWOSCI GRUNTU ZWALOWEGO
POCHODZENIA MIOCENSKIEGO

Stowa kluczowe: Depozyty miocenskie, rekultywacja hatd, rekultywacja lesna,
gleby antropogeniczne

Streszczenie

Depozyty miocenskie hatdowane w trakcie wydobycia wegla brunatnego
w okolicy Leknicy majq na ogol skigd granulometryczny piaskow glinias-
tych. Ich najbardziej negatywng wiasciwosciq jest niskie pH, W wyniku ut-
leniania nagromadzonego pirytu. Po 20 latach Rekultywacji mozna wy-
snu¢ kilka zasadniczych wnioskow co do zastosowanej technologii:
1). Material jest niejednorodny do glebokosci 1-2 m p.p.t. Poziom
wierzchni (0-20 c¢m) jest bardziej jednolity w nastepstwie zastosowanej
agrotechniki; 2). Skarpy, po ich wstgpnym uformowaniu, podlegajq sil-
nym zjawiskom erozyjnym. Okoto 25% powierzchni ogélnej bytej kopalni
jest obecnie erozyjnie zdewastowana. Zjawisko to {gczycénalezy z
nienalezytq pokrywq roslinng, 3). Proces glebotworczy na hatdach jest
antropogenicznie sterowany, glownie poprzez wapnowanie, nawozenie
mineralne I zasiedlenie roslinnoscig. Oddzialywanie glebotworcze lasu
do tej pory nie jest bardzo znaczqce. Wyrazny jest poziom Sciotki (O) — 0
migzszosci okolo 1 cm; 4). Pomimo uzycia w fazie technicznej Rekulty-
wacji cigzkiego sprzetu budowlanego, wiasciwosci fizyczne Qruntow sq
niezle; 5). Wysokie dawki wprowadzonego wapna (35-50 Mg-ha™)
spowodowato wyrazne podniesienie pH w poziomach wierzchnichl (do
20-30 cm) do wartosci 5-8. Formy dostepne dla roslin Ca i Mg takze
wzrosty; 6). Minerlane nawozenie spowodowalo skok zawartosci przy-
swajalnych form K I P; 7). W reultacie zastosowania jako wapna mate-
riatu odpadowego z huty cynku, odnotowano wzrost zawartosci w grun-

tach Cu, Pb, Zn, Cd, Mn and Co.



