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INTRODUCTION

ABSTRACT

In the model experiment, an assessment of the role of plants in the reclamation of the
bed of combustion waste from coal-based power plants fertilised with compost and sew-
age sludge. The bed of combustion waste was stored in cylindrical containers with a
diameter of 80 cm (0.5 m? of surface) and the height of 100 cm. The first stage of the
experiment was carried out in 2006-2007. Then the bed was fertilised with four types
of compost and sewage sludge, and then seeded with four species of grasses and white
mustard. The second stage was undertaken in 2011-2013. In 2011, mixture of four spe-
cies of grasses and white mustard was seeded on the same bed. It was assumed that the
continuation of research in the second stage, whose results of are presented in this pa-
per, will show a broader spectrum of vegetation changes, what will accurately track the
process of biological reclamation of the bed of combustion waste. The aim of the study
was to evaluate the effectiveness of reclamation in the experiment, based on the percent-
age estimates of the coverage of species and crop yields. During the three-year (second
stage) experiment 78 species of self-seeding plants belonging to 19 taxa in the rank
of families and 11 syntaxonomic groups were recorded. The most numerous were the
families: aster family, grass family, papilionaceous family, goosefoot family and cab-
bage family. Among the syntaxonomic groups the dominating species belonged to the
class Stellarietea mediae, Molinio-Arrhenatheretea and Artemisietea vulgaris. Among
the forms of life hemicryptophyte and therophytes were the most represented. Highest
total yields of plants were found in model containers with Complex compost and Ra-
diowo compost and the model of sewage sludge. Based on the estimated models in each
degree of coverage of species and crop yield, the highest reclamation efficiency was
demonstrated in the models of reclamation of composts Complex and Radiowo, as well
as in the model of sewage sludge. The lowest efficiency was demonstrated in models of
composts ZUSOK and plant composts.

Keywords: model experiment, biological reclamation, flora and vegetation, crop
plant, furnace waste of coal-based power plant, compost, sewage sludge.

ter and improve the aesthetics of the landscape
[Siuta 2005, Antonkiewicz, Radkowski 2006].

Landfills of coal-based power plants, due to
their fine grain structure manifest high suscepti-
bility to wind and water erosion. Technical ways
of fixing this type of landfills do not eliminate
the nuisance of dust. Properly selected and sown
plant species can form continuous vegetation
cover on the surface of landfills, and thus protect
the landfill from the erosive action of wind and
water, migration of heavy metals into groundwa-

8

Biological reclamation of landfill furnace,
with the use of deposits of soil formation and veg-
etation, is more and more often used and improved
[Hryncewicz et al. 1972, Zak 1972, Wysocki
1984, 1988, Siuta 2002, Dygus et al. 2012]. For
this purpose, there have been many experimen-
tal studies (model, lysimeter, field) [Koztowska
1995, Siuta et al. 1997, Siuta 2005, Siuta, Kutla
2005, Siuta et al. 2008, Klimont 2011].
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Methods of biological reclamation of land re-
sources require large amounts of humus and sig-
nificant financial resources. Initiating the process
of soil formation to obtain appropriate habitat con-
ditions for the growth and formation of plant cov-
er is a cheaper solution. For this purpose, organic
fertilizers are used, due to their high nutrient and
cariogenic substance content. They are mainly
sewage sludge, compost, municipal waste, peat,
etc. The introduction of these substances onto the
surface layer of furnace ashes initiates biological
life and soil formation process, facilitating condi-
tions for the development of plants. Organic mat-
ter forms an absorbing complex for nutrients and
water [Gilewska 1999, Gilewska, Przybyta 2011,
Polkowski, Sulek 1999, Siuta 2005, Siuta 2007,
Siuta et al. 2008, Klimont 2011].

Appropriately conducted reclamation gener-
ates favourable conditions for the formation of
the vegetation cover consisting of agronomically
introduced and spontaneously grown reclamation
plants [Goral 2001]. The plants which are most
useful in reclamation Goéral [2001] enumerates
species of the families papilionaceous family and
crossed cabbage family, in case of the use of sew-
age sludge; on the other hand, when composts are
used a similar role can be played by segetal weeds
of the family from goosefoot family and some
taxa from the group of ruderal plants.

The aim of the study was to evaluate the ef-
fectiveness of reclamation on an experimental
bed of combustion waste fed with several types
of nutrients. This assessment was obtained on the
basis of the percentage coverage of species and
estimate crop yields and ecological characteris-
tics of plant species.

MATERIALS AND METHODS

The richness of species and plant yield was
studied on the model bed ash from the heat and
power plant Kaweczyn. The deposits were stored
in cylindrical containers with a diameter of 80 cm
(0.5 m? area) and a height of 100 cm (Figure 1).

Model deposits had the following chemical
composition:

e main ingredients: SiO, — 48,5%; ALO, —
4,8%; Fe,O0,— 2,8%; CaO - 2,8%; MgO
- 2,7%; K,0 - 2,1%; TiO, — 1,1%; Na,0 —

0,8%; MnO, — 0,5%;

e heavy metals, in mg/100g: Zn — 90; Cu — 59;
Pb—-50;Ni—-42; Co—17; Cd - 15; Cr —46.

Figure 1. The construction and dimensions
of an experiment container

The containers with waste deposits were fer-
tilized with following substances:

e experimentally produced plant compost from
green municipal waste (kr) [Madej 2007,
Madej et al. 20107];

e ,Radiowo” compost from non-selectively col-
lected municipal waste (kRa);

e compost from municipal waste processing
plant — Zaktad Unieszkodliwiania Statych Od-
padow Komunalnych ,,ZUSOK” (kZ);

e AG - COMPLEX compost made from green
municipal waste from Warsaw (kC) [Opalinski
20071,

e sewage sludge from Radzymin plant (O);

e Mineral fertiliser N, P,O, K,O (NPK).

275

For one variant of the experiment there were
six containers, two for each of the three doses of
nutrients (single, doubled and tripled) (Figure 4-6).

The scheme of the experiment and reclama-
tion dose of fertilizers is presented in Table 1, and
their characteristics in Table 2 [Siuta et al. 2008].

The first stage of the experiment was car-
ried out in 2005 and 2006 [Siuta et al. 2008]. In
2007-2010, plant vegetation and soil formation
proceeded without any interference.

Prior to the second stage of the experiment
(2011-2013) ground (dry) mass of the plant was re-
moved, leaving the root part. In the spring of 2011.
mixture of four grass species was seeded: peren-
nial ryegrass var. Stadion, smooth meadow-grass
var. Evona, tall fescue var. Starlett, red fescue var.
Maxima and one species of dicotyledonous plant —
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Table 1. Reclamation dose of fertilizers

Substances introduced Doses
dm?®/0.5 m? méha
Sewage sludge (O) 5.0 10.0 15.0 100 200 300
Plant compost (kr) 5.0 7.5 10.0 100 150 200
Radiowo compost (kRa) 5.0 7.5 10.0 100 150 200
ZUSOK compost (kZ) 5.0 7.5 10.0 100 150 200
Complex compost (kC) 5.0 7.5 10.0 100 150 200
NPK /0.5 m? kg/ha
Nitrogen (N) 7.5 10.0 12.5 150 200 250
Phosphorus (P,0,) 35 4.5 6.0 70 90 120
Potassium (K,0) 5.0 7.5 10.0 100 150 200
Total NPK 16.0 22.0 28.5 320 440 570
Table 2. Properties of organic fertilizers used in the experiment
Type of fertilizer
Properties Radiowo Plant ZUSOK Complex Sewage
compost (kRa) | compost (kr) | compost (kZ) | compost (kC) | sludge (O)

Organic substances content in d.m., % 25.8 42.8 24.0 74.4 37.7
Organic carbon content in d.m., % 12.8 19.3 11.9 39.2 21.2
Nitrogen content in d.m., % 1.1 2.1 1.0 5.8 14
Phosphorus content in d.m., % 0.6 0.8 0.5 15 0.6
Potassium content in d.m., % 0.5 1.0 0.8 0.3 13
C:N 10.8 9.2 11.9 6.1 15.1
pH 7.8 7.2 7.9 7.1 7.9
Fresh substances, g/dm?® 807 330 790 950 490
Dry substances, g/dm? 472 219 504 185 350
Water content, % 40.1 317 36.9 80.9 40
Nitrogen content, gN/dm? 5.2 4.6 5.0 11.0 n.o.

n.o. — not determined.

white mustard (Figure 2). After sowing the plants
the model deposits were fed with a complex min-
eral fertilizer (Azofoska) containing 13.6% of nitro-
gen, 6.4% P,0,, 19.1% K,0 4.5% MgO and 23.0%
SO, with low Cu, Fe, Mn, Mo and Zn content.

In the growing seasons of Stage II of the ex-
periment detailed observations of the flora were
carried out. The listed plant species were ana-
lyzed for floristic and phytosociological, taxo-
nomic and ecological characteristics. Three-year
dynamics of plants changes in containers during
the multi-variant experiment were expressed as
the percentage share of cover crops in different
experimental models. Based on the species com-
position of plants, systematic, syntaxonomic, eco-
logical, geographical and historical groups were
distinguished, and the forms of life by Raunkiaer
and environmental indicators according to Ellen-
berg were described. Over the three years of the
experiment, each month during the vegetation pe-
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riod the species inventoried and their percentage
of coverage was determined.

Three times a year (in June, August and Oc-
tober) plants crops were harvested (Figure 3).
The collected plant biomass was dried in a drying

Figure 2. A container with vegetating grass
and white mustard
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Figure 3. The row of containers with grass and white
mustard (Sinapis alba) during the first year of experi-
ence (on the right); containers on the left after plants
crop harvesting

oven SLW STD INOX 240 at 75 °C, to obtain a
dry mass, and then weighed to 0.0001 g on a labo-
ratory scale Radwag XA 310.

The flora underwent ecological analysis (Ta-
ble 3). Taxonomic data was compiled according to
“The key to determine of vascular plants in Polish
lowlands” [Rutkowski, 1998]. The names of the
syntaxonomic groups according to Matuszkie-
wicz was used [2001]. Classification and share of
flora life forms according to Raunkiaer was used
[Zarzycki et al. 2002]. Geo-historical analysis of
the plants was based on the studies by Rutkowski
[1998] and Mirek et al. [2002]. The average cov-
erage of plants with the models of fertilization
were presented in a Braun-Blanquet scale (1964),
including the modifications by Westhoff and van
der Maarel (1978).

Latin names of vascular plants was used ac-
cording to Mirek et al. [2002].

RESULT AND DISCUSSION

Ecological analysis of the flora

In 2011-2012, 67 species of plants were
found in the containers, among them as many as
62 species which settled spontaneously. In 2013,
the number of spontaneous species rose to 78. The
floristic composition of plants has proven use-
ful in assessing the effectiveness of reclamation
sites. The abundance of plants species and their
coverage on the surface of the containers were
analyzed. The number of species and their cov-
erage are important indicators of the reclamation
efficiency of the applied fertilizers [Gutkowska,

Pawluskiewicz 2006, Dygus, Madej 2012, Dygus
etal. 2014]. It is worth mentioning that in the pro-
cess of biological reclamation, proper selection
of plants is important [Majtkowski et al. 1999,
Nowak 2006]. The flora inventoried in 2011—
2012 belonged to 17 taxa, in the rank of families,
among which the dominant species were mem-
bers of aster family (Asteraceae), goosefoot fam-
ily (Chenopodiaceae) and cabbage family (Bras-
sicaceae). During the 2013 growing season 19
taxa in the rank of the family were reported and
their families dominance structure was partially
changed. Still the species of aster family dominat-
ed, but the species of the grass family (Poaceae)
and papilionaceous family (Fabaceae) became
subdominants (Table 4). This is due to the pre-
dominance of anemochory in these families that
produce large amounts of light, volatile seeds, al-
lowing them to spread over long distances. The
most numerous botanical types include goosefoot
(Chenopodium), knotweed (Polygonum), sow-
thistle (Sonchus), bluegrass (Poa), orache (At-
riplex), clover (Trifolium), plantain (Plantago)
and sedge (Carex). This is a typical distribution
of botanical taxa in the spontaneous formation of
the vegetation cover in the early stages of recla-
mation of industrial and municipal landfills [Gut-
kowska, Pawluskiewicz 2006, Rostanski 2006,
Dygus et al. 2012].

Phytosociological and syntaxonomic analysis
of flora of the years 2011-2013 proved the pres-
ence of 11 groups in the rank of classes. Among
the distinguished groups of the studied flora more
than 40% of the species belonged to nitrophilous
communities of cultivated fields (class Stellari-
etea mediae). Two further groups of species were
associated with the meso- and eutrophic commu-
nities of meadows (Class Molinio-Arrhenathere-
tea) and anthropogenic ruderal habitats (Class
Artemisietea vulgaris). Other groups were rep-
resented by negligible number of syntaxonomic
species (Table 5).

The spectrum of life forms of vascular plants
vascular plants was partially changed. Among the
identified species in 2011-2012 a clear dominance
of annual plants (therophytes) was demonstrated,
which accounted for almost half of the species
of the studied flora. A relatively high proportion
(39%) in the flora were perennials — hemicryp-
tophytes. However, in 2013, hemicryptophytes
clearly dominated (45%), with a simultaneous
tendency to reduce the share of therophytes.
Throughout the observation period there was a

11



Journal of Ecological Engineering vol. 16(1), 2015

ez ez ez ez wg | ez vV-IN 7 |dv‘dn| od T e | ve| v e | v=e H BWIXRI "JeAeiqnl eomSad| Gg
az ez ez ez ez | ez v-IN d |dv‘dn| od z Z |sv| v v | ¢ H 119|JBIS "JeA BaORUIpUNIE BOMISAS| V€
+ ws Bs Iy |od - Z |Sc|ve| e € H'L sninajoAuoo eidojed| €€
1 + AY Bs Y eig - |zT|v2| € |e2| ¢ L saployiuelpyd wnwishig|  ze
+ + + IA\v4 ba | Uy IsvY - Z — —€ e e H snsowel co\_mm_‘_m_ T¢
+ + AY o u 1Y - Z | ve|ve| ¢ € L'H snnuue uosebu3l| og
+ Y n dy 'uUQO - z 14 14 v € H wnuejuow wnigopdy| 62
+ + + + + + ws o dy od T -1 v G—€ | ¢ IS 9 suadal snwA|3| 8z
T + + + + IA\v4 mm I elg - Z 7—€ 174 174 € 1 m__._aom elureindsag 12
+ + v-IN S| dy 1dy T 14 v | SVv | ¥ € H ejoJRO Ssnoned|  9Z
+ + + + + v-IN 1 dy od T 14 v |S¥ | S¥| € H eresawolb siihoeqa gz
T 1 wg ez wg T ws o u 1Y - Z | vre|ve| £ | ez H'L sisuspeued ezAU0OD| tZ
+ + ws o dy uod - Z |sv|s€| € |e2| NHD SISUSAIE SNINAJOAUOD | €2
+ + wg + + Y o dy ISy - |z1|s¢€e|ve| ¢ € H arebina wnisup | zz
+ + + vV-IN % dvy 1Y - lez|sv|sv| v |5V H wnaoels|o wnisiy|  TZ
1 + + + + ws o dy 1Y - Z |s€e|g¢e|ve|eze 9 asuaAle wnisiy| 0z
+ ws S| I\ ayod - Z |ve¢| v |Sv|ve 1 wnolqun wnipodousyd| 6T
+ + ws bs dy ayd — 2 | SV | ¢ | 5—¢ € 1 wnuwiadsAjod wnipodouayd| 8T
+ + 1 T ws o v Elle) - |eT|s€e|sVv| € |¢ezT L sfeinw wnipodousyd| /T
+ + + ws o \% ayd - |leT|se|sv| ¥ € i wnpugAy wnipodousyd| 9T
+ + ws 19 MN dy Vo) T 2 |szec|sv| v ¥ L wnone|b wnipodouayd| ST
ez ez eg ez eZ | ez ws bs dy ayo - 2 |s€| v |sVv| € 1 wngpe wnipodousyd| ¢T
+ ws o Iy 1SY - - - g v | ez 1 'IINOaI Bllwoweyd| €T
T + + T + AY @w I elg — T 174 17 17 € 1 _I w_._ouwmalmw:ﬁ m__wQO.O T
+ + e3 o' dy od T T € € € € H'O sofebids snsoifewefed| TT
+ + + + 1 + 19 MN dy 1Y - z S |SVv| v | SV 1 eypedu susplg| 0T
+ T + T + 19 WN ‘e | uy 18V T 2 |ve2|sv| v € 1 esopuoyy suspid| 6
+ + ws bs u Elle) T |2T|s€| § |e2| ¢ L eouee) xo|duyy| 8
+ ws S| u ayd Z2 | T|sv| v v v L erensold xoiduyy| /2
+ ws bs v, ayd T |¢T|GV|Ssv|s€e| ¢ 1 ened xe|dly| 9
+ + 1 T + + Y o dy 1Y - z v |sv | v 3 H suebnA eisiwaly| G
+ + I\ o dy 1dy - 4 1% v | GVv | € H suisans snosuyiuy | ¢
+ + + + + v-IN o dy od T |zT|ve|se|ve| v H elgjiuojols snsolby| €
T + + v-IN gl dy 18V T |2T| v |v€|ve|ez H wnijoya|liw eaIyov| 2
+ + + ds I uy oy - | T |v€|s€|ve|ve N s —opunbauigdy| T
6 8 L 9 g v € z 1
O | 2 | M [ O [ e [MdN s o5 | 165 | 19 s H][9 o] L | M . seroads oN

s|japow uonezijiuay ul eld jo abeianod abeiany

sloyedipul [e2160]093

SIOZI[TIF PIM PIJ 1S UOTSNQUIOD JO P A} UO SIdUTRIUOD [eIudwnddxd ur syue[d SunejoSoa Jo sisATeue [o130[097 '€ a|qel

N
—



Journal of Ecological Engineering vol. 16(1), 2015

T ez T T ez T v-IN ki dy 18Y - T 2 |sv|sv| v € H aleujoyjo wnoexelel | €L

ez we ez we we ws bs dy IeD - - 2 |s€| v |gv|ve H'L elpaw euejRlS| z.L

T + + + T + ws bs I\ 1SV - - I v v v IS 1'H Snaogels|o sNYouos| T/

+ + ws bs dy 1SV - - Z % v % IS 1 Jadse snyouos| 0/

ez ez ez T eZ | ez ws Bs dy 18Y - - Z |s€|s€|ve| e H'D SISUaAle sNYouos| 69

T + + T Y S| uy 18V - - - - - v | ¥¢ H'D eajuebib obeplos| 89

T T ez + ez | ez I\ S| uy 18 - - Z | v2| ¥ v | ¥€ H'O sisuapeued obepljos| /9

+ + + AY Bs I\ eig - - 2 |ve2|sv|sv| € 1 8[euloljO WNUqWASIS| 99

1 + 1 T T ws o uy eig - - Z |ve|sv| € 4 1'H 1II9S80] WnuqwAsIS| 69

+ + + ws bs J\Y2 elig - - z € | G v IS 1 sisuane sideuls| 9

T T + az € az ws Bbs |uy‘dn| eig pa | pg | P9 | P9 | PG | PO | Pq 1 eqe sideuls| €9

+ ws z dvy Ie) - - 2 |ve2|sv| € € J'H sueb|nA suslis|  Z9

+ + ws d dvy |od - T 2 |ve| v v | ¢ H sndsuo xawny| 19

+ + oM SHN dy |od - - |1 |ve|le2| ¢ 4 1HD e||9soigoe xawny| 09

+ + T v-IN gl dy |od - - 4 % % v | € H eso}ode Xawny| 65

+ + + T ws bs §\Ys eig — — Z v I [ IS 1 wnasiueydes snueydey| 8g

+ 4-0 11 dy e - - 4 v | ¥€ | <€ | e N S —Jngossnaiend| /S

+ ws bs dy 10d - — z y—€ v y—€ IS 1 eueaisiad wnuobAjod| 95

+ + + 19 MN dy |od - - |le2C¢|vz| v |s¥v | e 1 wnijojiyrede| wnuobAjod| 55

+ T T + ez + ws S| dy |od - - |¢T|S2C|SV | ve| € 1 arenoine wnuobAjod| +5

az qz ez az ez | ez v-IN 7 |dv'dn| od - T 4 1% ¥ 1% € H BUOAT "JeA sisusleld eod| €9

+ + + 94 pa| Q( Ood - - Z G2 g e Z H essaidwod ©eod 29

+ + + + + + ws S| dy od - - Z |s€| v 14 € L'H enuue eod| IS

+ + + + + | V-N ‘g | AN dy od - - |ez|se|sVv| € |eT H elofisnbue eod| 09

T + ws S| dy eld - T |e2|S€| v |5V |ve H lofew ofejueld| 6t

+ + + v-IA 7 dy eld - T € 14 v | €| ¥v¢ H elejoaoue| obelueld| 81

+ + + + T N1 WN dy eld - - 2 |s€e|ve|ve| ¥ 1'H elpawisiul obeueld| L

+ + + + + + v-IN 7 dy od - - 2 |eT|s5v|ve| ez H asusreld wna|yd| 9y

T + ws Bs u exQ - - Z |ve|ve|ve| € 9 eueO} SIEXO| G

we we ez wg eZ | eg ws SHIN dvy ged - - |¢T|veC|Ss€|ve|e¢ LH eulindnj obeaipsN| 1

T + T we T g o dy qed - - 2 |sz| s |vre|ez H ejeofe) obeolpsN| €

+ + T + + ws @w I ISY - — Z —€ 174 174 € 1 _I rlopoul ‘dss eunew eleouen YA

+ by MN dy we" - 1 2 | SV v v [« AH ‘H snaedoina sndodA| Tv

+ v-IN 7 dy qed T T I v | S€|v¢€| e H SnyenNoIuIod SMo| O

az ez ez ez ez | ez v-IN 7 |dv'dn| od T T 4 1% 1% % € H uolpels JeA suualad wnijo|  6€

+ + + AY ZN dy wen - - Z2 || ¥ % % H wnyejndew wnjwe|  8e

we ez + eg ez 4-0 n uyl leq - - 2 |ve| v 1% € 1 eloyinied suspedwy| 1€

+ + NY pa | Uy 199 - - Z 174 —€ —€ e 1 E_‘._o_mcw\_\a wniuela9 og¢
‘€ 9|ge] U0

13



Journal of Ecological Engineering vol. 16(1), 2015

‘(eq[e sideuls pIeisnw A)Iym pue sISSBIS JO $A10adS 1) [1()Z Ul UMOS d19M plog ul paiybijybiy seroeds
“BUI[PI9s — S {Q[qR[IBAR JOU - BU :SUOIIBIAAIQQE IO ‘(]
‘Juow)ean) Iojemalsem [edroruntr woiy a3pn[s — O ‘9sem jueld pue [edrorunw woly dpew 3sodwod JOSNZ — Z1
‘sse1d woiy opewr Jsodwod juefd — 1y 9sodwod xa[dwo)) — Hy ‘Gisem [ediorunwr woy 150dwod 0MOIPEY — BYY ‘UONLRZI[IIA) oruedio moyim 0% “0°d N 10Z1[119) — JdN
:(8L61) [oIeRIA 19p UBA PUE JJOUISOAN AQ UOIBOYIPOW JUf} JUN0IOE 0jul Junyel ‘(4961) o[eos 1onbuejg-uneig Aq passardxa sjopow snouea ur 23e10A09 jued Jo oferoae oYL, "6
-oesounn|3
BoJOU[Y — SV ‘Nnaedin eajojusprg — 1g ‘eojoounfourN-03190S] — N-T ‘Snuaosaued eajaroydoukio)-oeone[s oLo[eoy — O- ‘©ojedeJ-oo1ond) — -0 ‘eeaindind eojooreg — dg
‘ijoynsn3ue eojo1qoidy — ey ‘B9jOWOIg-00M3S9 ] — G- “©OIOIOYJRUIYLIY-OTUI[O]N — V-] ‘OBIPOW BAJOLIE[[O)S — WS ‘SLIBS[NA BIJQISIWANY — AY :SdNOI3 OIUOUOXBIUAS — SO)
‘syued IS — WN ‘Ysnq — 77 ‘SPuB[SSLIS OIULIdY)0IOX
— SYN ‘spue[sseid Apues — djq ‘sonrunwwod ULy qIay [[e)— (O ‘SIS9I0J Jea[peolq — [ ‘soroads mopeowr — F ‘[83980s — 8S ‘Teropn — 3 :so10ads Jo sdnoi3 [eo1301000 — o) 7
‘syuerd pajeanno — dn ‘sayfydodoyiue Ajqewnsard — vy ‘soyAydouay — uy ‘sojAydoayore — 1y ‘sajfydode — dy :so1uaF [eon103siy pue [eorydeis0as — y-3n -9
"9BIOR[OIA — OIA ‘OBAde3e] — 3B ‘Orade[[AydoAre) — 1e) ‘oraderrenydorog — 10§
‘orddRUISRIUR[ — B[] ‘QBIIEPI[RX() — BX( QBIOR(R] — QB ‘OBIJIBIWET — WET ‘“deddRUIWES[RY — [Bf ‘QBIIBIURIIN) — JOO) OBIIBUOSA[0J — [0d ‘OrIIRISRU() — BU() ‘dBdoRIdY
—1dy ‘9BIJB[NAJOAUO)) — UO)) ‘DBIIBIISSRIF — Bl ‘9BIOROJ — 04 ‘OrddeIpodoudy)) — oy 9BIILIAISY — ISY OBIILIIY — IV :SAA[IWE] JO Juel oY) ul sdnois oruouoxe) — 0 ¢
*9[qE[TBAR JOU — (—) ‘[I0S U} UI JUAJUOD [BJOW AABIY PISBAIOUI 0} JOUB)SISAI JO dN[BA— JA ‘[IOS UI JUJUOD [DEBN 0} J0UL)SISI

JO an[eA — G ‘onfeA JUNUOD JAPeW OIUESIO — H ‘OnjeA dLjowo[nueIis [10s — 0O ‘Onfea AIproe jsodop — O ‘onfea Aydon — [ ‘Onfea 2In)sIow [10S — A\ :SIOJROIPUI [BIIF0[09]
“euel] — 1] ‘9)Aydojoy pue 93AydorpAy— AH ‘@1Aydoroy) — T ‘914ydoes — n ‘@ ydoydAroruoy — H ‘@Aydoeweyd snoooeqioy — ) :ypmois jo odKy —zg ¢
'so10ads oy Jo dwreu urye| oY) — sAr0adg ‘g
Joquinu — "oON |
:SJUBIWOD
+ ws 6s dy oI - - Z |ve|ve|ve]| ¢ L sisuane eloin] €8
+ ws bs uM qed - - ¢ |ve€ | v |V € € 1 EBAlES BDIA| - ¢8
+ ws bs v qed - - [4 v—¢ | €| v¢€ € 1 EInsiiy eIA| 18
+ + + V-IN 1 dv qed - - 4 v SV | v € H ©O0RI BPIA| 08
+ ws d 'fs u RS - - 4 S—€ 14 S—v € 1 eoIs1ad e2IU0IBA| 6/
we wg Ny o dv Y | - | - TSV | v | vE| Ve o eiepie) obejissnl| 82
T T ee €ec L4 we V—IN ki dv qed - T 4 14 14 14 < H O suadal wnijojuL| /2,
+ T T V—IN <] dvy qed - - € |GV | Vv 14 14 H wnpugAy wnioyuL | 92
+ V=N 1 dv qed - - 4 14 14 14 € 1 wniqnp wnijojuL)  SZ
T T €eg we O di dv qed - - 4 e1T|6¢€|cT [4 L asuaAle wniojlul| v/

14

'€ 8]E} JU0D



Journal of Ecological Engineering vol. 16(1), 2015

Table 4 Share of families in the flora in the third year of the model experiment

Number and percentage of species in experimental models
Families Flora total NPK kRa kC kr kz (@]
number % [number| % |number| % [number| % |number| % |number| % |number| %
Asteraceae — aster family 19 229 14 (350 13 |33.3| 15 |294| 12 |240| 16 |29.1| 12 |22.2
Poaceae — grass family 12 |145| 11 |275| 10 |256| 11 |216| 10 |20.0| 10 |18.2| 10 |185
Fabaceae — popilionaceous family | 10 [12.1| 5 |[125| 3 7.7 6 |11.7| 5 |100| 6 [109| 6 |[111
;';?J;Opomaceae ~ goosefoot 9 [108] 1 [25| 3 |77 | 6 |117| 5 |100| 5 |91 | 2 |37
Brassicaceae — cabbage family 8 9.6 2 5.0 7 |180| 4 7.8 4 8.0 145| 8 |14.8
Polygonaceae — buckwheat family 7 8.4 2 5.0 5.1 2 3.9 12.0 7.3 2 3.7
Plantaginaceae — plantain family 3 3.6 1 25 - - 2 3.9 2 4.0 55 2 3.7
Lamiaceae — mint family 2 2.4 1 25 - - 1 2.0 - - - - 1 1.9
Apiaceae — carrot family 2 2.4 - - - - - - 2 4.0 - - 2 3.7
Caryophyllaceae — pink family 2 2.4 1 2.5 - - 1 2.0 1 2.0 1 1.8 2 3.7
fCacrnr:li\llyolvuIaceae — morning—glory 1 12 _ _ _ _ _ _ 1 20| - _ 1 19
gr::}%raceae — evening—primroses 1 12| — B _ 3 _ _ B B _ 1 |19
Geraniaceae — geranium family 1 12 - - - - - - 1 2.0 - - 1 1.9
Oxalidaceae — sorrel family 1 1.2 - - - - - - - - 1 1.8 1 1.9
Balsaminaceae — balsamina family | 1 1.2 1 2.5 - - 1 2.0 1 2.0 1 1.8 1 1.9
Scrophulariaceae — figwort family 1 1.2 - - - - - - - - - - 1 1.9
Violaceae — violet family 1 1.2 - - - - 1 2.0 - - - - - -
Aceraceae — maple family 1 1.2 1 2.5 1 2.6 1 2.0 - - - - - -
Fagaceae — beech family 1 1.2 - - - - - - - - - - 1 1.9
Total 83 |[100.0{ 40 |100.0{ 39 |(100.0{ 51 |100.0{ 50 |100.0| 55 |100.0| 54 |100.0

Comments:

NPK - fertilizer N, P,O,, K,O without organic fertilization,

kRa — Radiowo compost,

kC — Complex compost,

kr — plant compost,

kZ—- ZUSOK compost,

O — sludge from municipal wastewater treatment.

Table 5. Participation syntaxonomic groups in the
rank of classes in the third year of the experiment

Syntaxonomic group Numbgr of %
(class) species
Stellarietea mediae 35 42.2
Molinio-Arrhenatheretea 18 21.7
Artemisietea vulgaris 15 18.1
Bidentetea tripartiti 4 4.8
Festuco-Brometea 3 3.6
Koelerio-Corynephoretea 2 2.4
Querco-Fagetea 2 2.4
Isoéto-Nanojuncetea 1 1.2
Epilobietea angustifolii 1 1.2
Salicetea purpureae 1 1.2
Alnetea glutinosae 1 1.2
Total 83 100.0

significant share (12%) of geophytes, i.e. plants
hiding their buds in the soil, often with storage
organs (Table 6).

Evaluation of the effectiveness of reclamation
in a model experiment based on plant cover

In the last year of the experiment in all models
of fertilization, in terms of coverage, grass seeded
at the beginning of the experiment dominated
(Table 3 — Column 9, Figure 6 and 7). In contrast,
among the self-seeding plants their presence var-
ies between models, for example, in NPK model
papilionaceous plants dominated, and in models
with Radiowo and ZUSOK compost and sewage
sludge aster plants had the greatest coverage. The
role of the so-called reclamation plants should
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Table 6. The spectrum of life forms of plants accord-
ing to Raunkiaer in the third year of the experiment

Form of of living N;Tel():iegsof %
Hemicryptophytes (H) 37 44.6
Therophytes (T) 33 39.8
Geophytes (G) 10 12.0
Megafanerophytes (M) 2 2.4
Green chamephytes (C) 1 1.2

Total 83 100.0

also be noted. They have a high biomass level and
are annuals in most cases (therophytes). Their in-
creased participation in the coverage can be an
indicator of appropriate initiation of the course
of biological reclamation of landfills. It was quite
clearly observed in a model of Complex compost.
No less important is the role of papilionaceous
plants and aster plants in the process of reclama-
tion. Their large share facilitates the creation of
the vegetation cover in most models, and there-
fore, the course of rehabilitation, because many
species of these groups are perennials.

Experimental model with NPK without or-
ganic fertilization (NPK). In the first year of the
experiment (2011). Almost half of the contain-
ers fertilized with NPK blend were occupied by
the sown 4 species of grasses. In contrast, cov-
erage of white mustard (Sinapis alba) was esti-
mated at approx. 10%. Over 20 other species of
dicotyledonous plants inhabited spontaneously,
incl.: white clover (Trifolium repens), Canadian
fleabane (Conyza canadensis), fat-hen (Cheno-
podium album). In 2012, the share of grasses de-
creased to approx. 10%, and white mustard was
not found (annual plant). In comparison to 2011
an increase in the share of small balsam (Impa-
tiens parviflora), false London rocket (Sisymbri-
um loeselii), fat-hen (Chenopodium album), corn
sow-thistle (Sonchus arvensis), field clover (Tri-
folium arvense) was recorded. The total number
of species increased to 30. In the third year of the
experiment in containers supported with fertilizer
NPK (without organic fertilization) two species
of grasses, sown in 2011, were dominant: Evon
smooth meadow-grass var. Evon (Poa pratensis
var. Evon) and red fescue var. Maxima (Festuca
rubra var. Maxima). The free surfaces were usu-
ally occupied by self-seeding black medic (Medi-
cago lupulina). Most species belonged to the-
rophytes, annual plants overwintering in a form
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of seeds. In terms of the share of families, most
species belonged to aster family, grasses and pa-
pilionaceous plants. In contrast, floristic richness
remained at a similar level as in 2012.

Based on the floristic observations moderate
effectiveness of NPK fertilizer on the reclamation
of a bed of coal combustion waste was proved.
This is evident by relatively low coverage with
hemicryptophytes — turf and cluster plants, main-
ly grasses.

Experimental model with Radiowo com-
post (kRa). In this model, in the first year of the
experiment, 26 species of plants were recorded.
The sown grasses and white mustard constituted
almost % of the container surfaces, approx. 50
and 25% respectively. In the second year, the
number of species did not change much, but there
was a qualitative change in the structure of flora.
Grass cover decreased to approx. 20% in favour
of some species of dicotyledonous plants. These
were mainly: puff-ball (ZTaraxacum officinale),
corn sow-thistle (Sonchus arvensis), nettle-leaved
goosefoot (Chenopodium murale), fat-hen (Che-
nopodium album), false London rocket (Sisym-
brium loeselii), hedge mustard (Sisymbrium of-
ficinale), wild radish (Raphanus raphanistrum),
white clover (Trifolium repens). A total of 30 spe-
cies were recorded. In the third year of the ex-
periment in the containers with Radiowo compost
(kRa) there was again an increased grass cover up
to almost 50%, mainly involving perennial rye-
grass var. Stadium (Lolium perenne var. Stadion).
The number of species did not change. In the third
year of observations the cover of grasses in the
containers with Radiowo compost reached 50%.
In addition, the surfaces of containers were cov-
ered with goosefoot plants, cabbage plants and
papilionaceous plants. They were both annuals
(therophytes) and perennial plants (hemicrypto-
phytes, geophytes, rhizomous plants).

The share of plants of these taxa manifests
good effectiveness of reclamation on the bed. The
importance of the process of biological reclama-
tion plant of the papilionaceous plants and cab-
bage plants was also noted by Goral [2001].

Experimental model with Complex com-
post (KC). In the first year of the experiment, 25
plant species were found in the model bed. The
dominant share in the coverage surface of the
containers were sown with grass species. They
covered approx. 60% of the containers, and white
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Figure 6. General view of containers with plants as on 30.05.2013
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Figure 7. Percentage of dominant families in the creation of vegetation cover on the surface
of experimental models after three years of the experiment

17



Journal of Ecological Engineering vol. 16(1), 2015

mustard approx. 20% of the area. Other areas
were spontaneously entering inhabited by several
dicotyledonous plant species. In 2012, the num-
ber of species increased to 34, and at the same
time quantitative composition of plants changed
radically with the participation of dicotyledon-
ous plant species. The sown grass covered only
approx. 10% of the area, without white mustard.
A clear dominance of spontaneous dicotyledonous
plant species was also recorded. Among them, in
this model dominated: fat-hen (Chenopodium al-
bum), small balsam (Impatiens parviflora), Cana-
dian fleabane (Conyza canadensis), white clover
(Trifolium repens). More than 20 other species of
small or occasional participation were recorded.
In 2013, another spread of grasses (50% of the
coverage) seeded at the start of the experiment
was observed. There were also some self-seeded
grasses, incl.: rougle cock’s-foot (Dactylis glom-
erata) and couch grass (Elymus repens). In to-
tal, this model 45 species of self-seeding plants
were recorded. Among them, the highest surface
coverage in the containers was occupied by the
same species as in 2012. These were mainly the-
rophytes: goosefoot plants, papilionaceous plants
and synanthropic plant species. The domination
of therophytes at this stage of recovery is not evi-
dence of its high efficiency. Due to the relatively
high proportion of grasses and goosefoot plants
can one can predict for this model the intensifica-
tion of soil formation in the following years and,
consequently, even greater increase in the effi-
ciency of reclamation of the applied deposit.

Experimental model with plant compost
(kr). In 2011, 22 species of plants were record-
ed. The species of grass clearly dominated (ap-
prox. 70% coverage). In addition to the grasses
there were mainly chickweed (Stellaria media),
coltsfoot (Tussilago farfara) and Canadian flea-
bane (Conyza canadensis). In 2012, the cover of
grasses decreased to 10%. There was a significant
expansion of dicotyledonous plant species, of
which the majority were: fat-hen Chenopodium
album, corn sow-thistle Sonchus arvensis, Cana-
dian goldenrod Solidago canadensis, Canadian
fleabane (Conyza canadensis). In the growing
season 39 species were recorded in the contain-
ers in this model. In the following year, the third
year of the experiment, more than 50% of the
containers were grown with grass. For the rest
of the surface more than 30 species of flowering
plants were recorded, including goosefoot plants
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family: goosefoot plants (incl. fat-hen Chenopo-
dium album and several species of oraches Atri-
plex), cabbage plants (wild mustard Sinapis ar-
vensis, false London rocket Sisymbrium loeselii,
lady’s purse Capsella bursa-pastoris), papili-
onaceous plants (white clover Trifolium repens,
bastard clover Trifolium hybridum, black medic
Medicago lupulina) and synatropic plans, mainly
from aster family (Canadian goldenrod Solidago
canadensis, Canadian fleabane Conyza canaden-
sis, corn sow-thistle Sonchus arvensis, puff-ball
Taraxacum officinale, coltsfoot Tussilago farfara
and other).

The effectiveness of recultivation in this
model was partially facilitated by the inhabitation
of perennial dicotyledonous (hemicryptophytes,
geophytes and herbaceous chamaephytes). How-
ever, the relatively low cover of grasses at this
stage of recultivation proves its slow pace.

Experimental model of compost ZUSOK
(kZ). Most of the surface of the containers in this
model in 2011 were overgrown with grass spe-
cies (approx. 80%) with minor contributions from
white mustard. In addition, several individual
self-seeding dicotyledonous plants were reported.
In the next year of experiment, grasses clearly
subsided, inhabiting only 20% of the area. 41
species of dicotyledonous plants were observed.
Among them the greatest coverage was recorded
for: small balsam (Impatiens parviflora), puft-
ball (Taraxacum officinale), fat-hen (Chenopo-
dium album), false London rocket (Sisymbrium
loeselii) and corn sow-thistle (Sonchus arvensis).
In the last year of the experiment a large share
of grass cover was observed again. These were
mainly grasses applied either at the beginning of
the experiment, but also self-seeding species, for
example: timothy grass (Phleum pratense), creep-
ing bent (Agrostis stolonifera), annual meadow-
grass (Poa annua), couch grass (Elymus repens).
Among the dicotyledonous plants there were also
those present in other models, typical reclama-
tion plants. These were the plants belonging to
the goosefoot family orache and goosefoot), cab-
bage (sisymbrium, radish and tansy mustard), pa-
pilionaceous (clover trefoil and medic). Ruderal
plants, segetal weeds and meadow species had a
high share of coverage.

Based on the identified floristic composition
one can assume that the effectiveness of ZUSOK
compost in the initial process of biological rec-
lamation on the bed of combustion waste was
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merely satisfactory.

Experimental model of sewage sludge (O).
In the first year of the experiment the surfaces
of containers fertilized with sewage sludge were
covered with sown grass species (more than 80%
coverage) and occasionally by white mustard. The
remaining 16 species were dicotyledonous plants,
and among them was the greatest share common
chickweed (Stellaria media). The following year,
the share of grasses decreased almost threefold.
These surfaces overgrown with 39 self-seeding
dicotyledonous plant species, of which the pre-
dominant was: small balsam (Impatiens parvi-
flora), corn sow-thistle (Sonchus arvensis), sickle
medick (Medicago falcata), fat-hen (Chenopo-
dium album), november goldenrod (Solidago
gigantea) and common chickweed (Stellaria me-
dia). In the third year of observations grass cover
increased again to over 60%. During the three
years of experiment in containers fertilized with
sewage sludge a fairly good growth of vegetation
cover was demonstrated.

It can be assumed that further stages of recla-
mation should be more efficient for the presence
of (even with a small coverage) up to several
species of papilionaceous and cruciferous family
which, together with grasses, play a major role in
the process of reclamation of furnace waste.

Evaluating the effectiveness of reclamation in
a model experiment based on the crop yield

Based on the results of the plant yield an at-
tempt was made to assess the efficiency of the
reclamation models with fertilization. Each mod-
el was analyzed in terms of average yield of all
the variants of fertilization during the three-year
experiment. The size of crops in a given model
was suggested by the level of effectiveness of rec-
lamation model.

Dry matter yields of plants, in of experimen-
tal area are shown in Table 7 and graphs 7 and 8.
These data show the size of the crop yields ob-
tained from different models of containers fertil-
ized with three different variants (doses) of fertil-
izer during the three-year study.

Model N, P,0O,, K,O (NPK) without organic
fertilization of deposits assumed as a zero object
(test), for the comparison of the effectiveness of
all other types of organic fertilization. In 2011—
2012, in variants 1 and 2 (single and a double dose
of NPK) relatively high yields of plants were ob-
tained. In the variant 3 (triple dose of NPK) plant

yields were much lower than in variants 1 and 2.
However, in the last (third) one, the yield of the
experiment in all variants of fertilization were
found to be relatively lower (Table 7). Average
total yields of plants for the period 2011-2013
from all the variants of fertilization in the ana-
lyzed model followed a clearly declining trend
(Figure 8). It can be considered that the efficiency
of reclamation on the basis of the yield obtained
in this model was relatively low (Figure 9).

In the model of “Radiowo compost” (kRa)
no clear relationship between the yields of plants
and the size of reclamation dose of compost was
showed. In each year of the study, the average
yield of plants, regardless of the dose of fertiliza-
tion with compost, had aligned values, but at the
same time it was decreasing in subsequent years

Table 7. Dry matter yields obtained in 2011-2013

Option | Fertilizer Years
number | dose | 2011 | 2012 | 2013 2
Plant compost (model kr)
1 10 dm?® 682 625 481 1788
15 dm? 887 442 323 1652
3 20 dm?® 901 427 384 1712
ZUSOK compost (model kZ)
1 10 dm?® 318 575 337 1230
15 dm? 389 539 334 1262
20 dm? 572 607 337 1516
Radiowo compost (model kRa)
10 dm?® 911 687 544 2142
15 dm? 905 611 466 1982
3 20 dm? 835 751 656 2134
Sewage sludge (model O)
1 10 dm? 416 578 415 1409
15 dm? 1103 721 545 2369
3 20 dm?® 1285 652 544 2481
Complex compost (model kC)
1 10 dm? 1024 985 1021 3030
2 15 dm? 1077 826 674 2577
3 20 dm? 1735 1077 960 3372
N, P,O,, K,O (model NPK)
1 329 860 432 299 1591
44 g 784 522 317 1623
579 427 304 298 1029
Loam (model Z)
10 dm?® b.d. 768 1012 b.d.
15 dm? b.d. 741 902 b.d.
3 20 dm? b.d. 863 1171 b.d.

b.d. — not available
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Figure 9. Evaluation of the effectiveness of reclamation on the basis of the yield of plants in containers
in multi-variant experiment in bed with combustion waste

(Table 7). During the three years of the experi-
ment in the model with Radiowo compost the to-
tal obtained crop yields decreased (Figure 8). The
effectiveness of reclamation in this model, on the
basis of the yield was high (Figure 9).

Three-year experiment in “Complex com-
post” (kC) model showed a significantly higher
crop yields than in other models of fertilization.
Mean total plant yield of three years and all vari-
ants of fertilization in this model were moderately
decreasing (Table 7, Figure 8). Reclamation effi-
ciency, on the basis of the results obtained in this
model was very high (Figure 9).

In the first year of the experiment in @ model
with plant compost (kr) the highest yield of the
plants was shown in variants 2 and 3. However,
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in the next two years significantly higher yields
in the first variant and lower in variants 2 and 3
were recorded (Table 7). During the three years
of experiment in the model plant with compost
the aggregated crop yields decreased (Figure 8).
Based on the estimation of the cumulative yield of
reclamation efficiency in this model proved to be
low, but the yield slightly exceeded the test model
without organic fertilization — NPK (Figure 9).
In the model with ZUSOK compost (kZ)
yields in 2011 were lower than in the other mod-
els. But in 2012, there was an increase in yields.
However, in the third year of the experiment
yields again decreased clearly (Table 7). Average
total yields of plants for the period 2011-2013
from all variants of fertilization in this model
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were relatively aligned (Figure 8). The resulting
low yield suggests low efficiency of reclamation
in this model (Figure 9).

In 2011, the model with sewage sludge (O)
gave approx. threefold higher yield in variants 2
and 3, as compared with the first variant. A simi-
lar trend occurred in the next two years, but with
lower yielding (Table 7). During the three years
of experiment in the model of sewage sludge av-
erage yields of all variants decreased (Figure 8).
The effectiveness of reclamation in this model, on
the basis of the yield proved to be high (Figure 9).

CONCLUSION

1. The experiment on the model bed of com-
bustion waste showed that an important role
in the course of reclamation is played by the
presence of appropriate forms of plant life. In
the initial stage of reclamation annuals (the-
rophytes) are important as they stimulate the
process of soil formation. In further phases of
reclamation they ensure the highest efficiency
of grasses and dicotyledonous plants, espe-
cially biennial, and perennial (hemicrypto-
phytes, geophytes, herbaceous chmaephytes),
which perpetuate the ground.

2. During the three-year experiment a vital role
in improving reclamation on the experimen-
tal fields was played (except grass) by plants
of the families: aster family, goosefoot family
and papilionaceous family, which gathered a
large amounts of biomass, which is important
in the process of reclamation.

3. Based on the estimates of the degree of cov-
erage of species and yield reclamation in the
studied models, the highest efficiency was
demonstrated in containers with Complex
compost and Radiowe compost, as well as in
the model with sewage sludge. The lowest ef-
ficiency has been demonstrated in the models
of ZUSOK composts and plant compost.

4. Weather conditions (particularly high tem-
peratures, reduced humidity) and the deple-
tion of nutrients in the substrate had a large
influence on the experience and efficiency of
reclamation in the bed of combustion waste.
This illustrates the dynamics of yield decline
in subsequent years of the experiment.

5. Impromptu experimental model (ex situ) of
biological reclamation of furnace waste can-

not refer to real systems (in situ — dumps,
landfills, etc.). Its functionality is fragmented
and sometimes limiting accurate conclusions.
Therefore, multiple iterations and multifac-
eted testing is required.

REFEENCES

1. Antonkiewicz J, Radkowski A. 2006. Przydatnos¢
wybranych gatunkéw traw i roslin motylkowych
do biologicznej rekultywacji sktadowisk popiotow
paleniskowych. Annales UMCS, Sec. E, 2006, 61,
413-421.

2. Braun-Blanquet J. 1964. Pflanzensoziologie,
Grundziige der Vegetationskunde 3. Aufl. Springer,
Vienna-Nev York, 865.

3. Dygu$ K.-H., Madej M. 2012. Roslinno$¢ wielowar-
ian-towego dos$wiadczenia modelowego na zlozu
odpadow paleniskowych energetyki weglowe;.
Inzynieria Ekologiczna, 30, 227-240.

4. Dygus$ K.H., Siuta J., Wasiak G., Madej M. 2012.
Roslinnos¢ sktadowisk odpadéw komunalnych i
przemystowych. Wyd. Wyzszej Szkoty Ekologii i
Zarzadzania, Warszawa, pp. 134.

5. Dygu$s K.H., Wasiak G., Madej M. 2014. Dynamika
zmian ros$linno$ci w doswiadczeniu modelowym
ze zlozem odpadow paleniskowych energetyki
weglowej. Inzynieria Ekologiczna, 40, 100—121.

6. Gilewska M. 1999. Utilization of sewage sludge
in the reclamation of post-mining soil and ash dis-
posal sites. Roczniki AR Poznan, 310. Melioracje i
Inzynieria Srodowiska, 20/11, 273-281.

7. Gilewska M., Przybyta Cz. 2011. Wykorzystanie
osadow $ciekowych w rekultywacji sktadowisk
popiotowych. Zesz. Prob. Post. Nauk Roln. PAN,
477,217-222.

8. Goral S. 2001. Roslinno$¢ zielna w ochronie i
rekultywacji gruntow. Inzynieria Ekologiczna, 3,
161-178.

9. Gutkowska A., Pawluskiewicz B. 2006.
Ksztattowanie zadarnienia i sktadu florystycznego
zbiorowisk trawiastych pod wplywem zabiegow
pratotechnicznych na sktadowisku popiotu EC
Siekierki. Annales UMCS, Sec. E, 61, 249-255.

10. Hryncewicz J., Balicka N., Giedroj¢ B., Matysowa
E. 1972. Badania nad utrwalaniem i zagospoda-
rowaniem haldy popiotowej w elektrowni ,,Halem-
ba”. XIX Zjazd Naukowy PTGleb., Putawy.

11. Koztowska B. 1995. Zastosowanie osadu
sciekowego do biologicznego zagospodarowania
sktadowisk odpadéw paleniskowych. Zesz. Prob.
Post. Nauk Roln. PAN, 418, 859-868.

12.Klimont K. 2011. Rekultywacyjna efektywnosc
osadow s$ciekowych na bezglebowym podilozu

21



Journal of Ecological Engineering vol. 16(1), 2015

wapna poflotacyjnego i popioldéw paleniskowych.
Problemy Inzynierii Rolniczej, 2, 165-176.

13.Madej M. 2007. Zielen miejska zrodtem surowca
do produkcji kompostu. Praca doktorska, WSEiZ,
Warszawa, pp. 140.

14. Madej M., Siuta J., Wasiak G. 2010. Zielen Warsza-
wy zrodlem surowca do produkcji kompostu. Cz.
II. Sktad chemiczny masy ro$linnej z roéznych
powierzchni zieleni warszawskiej. Inzynieria Eko-
logiczna, 23, 22-36.

15. Majtkowski W., Gtazewski M., Schmidt J. 1999.
Roslinnos¢ trawiasta sktadowiska fosfogipsow w
Wislince koto Gdanska. Fol. Uniw. Agric. Stein.
197, Agricultura 75, 207-210.

16. Matuszkiewicz W. 2001. Przewodnik do oznacza-
nia zbiorowisk roslinnych Polski. Wyd. Naukowe
PWN, Warszawa.

17.Mirek Z., Pigkos-Mirkowa H., Zajac A., Zajac
M., 2002. Flowering Plants and pteridophytes of
Poland a checklist. W. Szafer Institute of Botany,
PAS, Krakow.

18. Nowak W. 2006. Rekultywacja biologiczna haldy
fosfogipsu w zaktadach chemicznych ,,Wizow” S.
A. Zesz. Nauk. Uniw. Przyr. we Wroctawiu. Ser.
Rolnictwo, 88, 545, 195-203.

19. Opalinski R. 2007. Rekultywacyjna efektywnosc¢
kompostu Complex na odpadach paleniskowych
w do$wiadczeniu lizymetrycznym. Praca magister-
ska. WSEiZ, Warszawa, pp. 78.

20. Polkowski M, Sulek St. 1999. Kompostowanie
masy roslinnej ze strefy bezlesnej przy Zaktadach
Azotowych Putawy. Kompostowanie i uzytko-
wanie kompostu. 108, TUNG, PTIEkol. Warsza-
wa, 71-74.

21. Rostanski A. 2006. Spontaniczne ksztattowanie si¢
pokrywy roslinnej na zwatowiskach po gornictwie
wegla kamiennego na Gornym Slasku. Wydawnic-
two Uniwersytetu Slaskiego, Katowice.

22.Rutkowski L. 1998. Klucz do oznaczania ro$lin
naczyniowych Polski nizowej. Wyd. Naukowe
PWN. Warszawa.

23. Siuta J. 2002. Przyrodnicze uzytkowanie odpadow.
108, Warszawa.

22

24. Siuta J. 2005. Rekultywacyjna efektywno$¢ osadow
sciekowych na sktadowiskach odpadow przemy-
stowych. Acta Agrophysica, 5(2), 417-425.

25.Siuta J. 2007. System uprawy i kompostowania
ros$lin na skladowisku odpadéw posodowych w
Janikowie z zastosowaniem osadoéw $ciekowych.
Inzynieria Ekologiczna, 19, 38—58 + 6 fot.

26.Siuta J., Dygus K.H. 2013. Plony i chemizm
ro$lin wieclowariantowego doswiadczenia na mod-
elowym ztozu odpaddéw paleniskowych energetyki
weglowej. Inzynieria Ekologiczna, 35, 7-31.

27.Siuta J., Kutla 2005. Rekultywacyjne dziatanie
osadow $ciekowych na zlozach odpadéw palenis-
kowych w energetyce weglowej. Inzynieria Eko-
logiczna, 10, 58—69.

28. Siuta J., Wasiak G., Chtopecki K., Mamelka D. 1997.
Rekultywacja efektywnosci osadu $cickowego na
bezglebowych podtozach w doswiadczeniu lizym-
etrycznym. II Konf. Przyrodnicze uzytkowanie
osadow $ciekowych. Pulawy-Lublin-Jeziorko,
135-154.

29. Siuta J., Wasiak G., Madej M. 2008. Rekultywacja
efektywnosci kompostow i osadow Sciekowych na
ztozu odpadow paleniskowych w do$wiadczeniu
modelowym. Ochrona Srodowiska i Zasobéw Nat-
uralnych, 34, 145-172 + 26 fot.

30. Westhoff V., van der Maarel E. 1978. The Braun-
Blanquet approach. [In:] Classification of plant
communities (ed. R.H. Whittaker), 287-297. Junk,
The Hague.

31. Wysocki W. 1984. Reclamation of Alkalien Ask
Piles USEPA Cincinnati. Ohio.

32. Wysocki W. 1988. Rekultywacja sktadowisk od-
padow elektrowni weglowych. Sozologia i Sozo-
technika, 26, AGH Krakow.

33. Zarzycki K., Trzcinska-Tacik H., Rozanski W.,
Szelag Z., Wolek J., Korzeniak U. 2002. Ecologi-
cal indicator values of vascular plants of Poland.
W. Szafer Institute of Botany, PAS, Krakéw.

34.Zak M. 1972. Wplyw powlok asfaltowych
przeciwdziatajagcych wtornemu pyleniu sktadowisk

popiotow lotnych na wegetacje roslin. XIX Zjazd
Naukowy PTGleb., Putawy.



