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Abstract 

Slag and ash dumps need to be renaturalized due to air, water, soil and 

landscape pollution. The main method of renaturation is grassing, until the substrate 

becomes proper for plant development. At Thermoelectric Plant (CET) Brasov, several 
grassing variants were tried, of which the most successful was a mixture of 75 kg/ha of 

various perennial herbs, 50 kg/ha of straw cereals and 1 kg/ha of Amaranthus 

caudatus, sown in 2002, in combination with 500 kg/ha complex chemical fertilizers 

(NPK) of formula 15-15-15 rate of active substance.  As a plant substrate, eutrophic 

peat with a thickness of 15-20 cm over the slag and ash deposit was used. After 6 years 

from sowing (2008) in the grassy carpet dominated the species Phalaris arundinacea 
and after 20 years Poa pratensis on the southern exposure and Festuca rubra on the 

northern one. The paper contains numerous other data on the evolution of the chemical 

characteristics of ash and peat substrates from the beginning of the experiment (2000) 

to the present (2021) as well as the vegetation of the sown grassland on the southern 

and northern exposure. The productivity of this green area is quite high 13-16.5 t / ha 
fresh fodder mass with 61-68 pastoral value, where 1.2-1.6 LU/ ha for an optimal 

period of 160 days of grazing can be maintained. The current overloading of animals 

has already led to a thinning of vegetation, in particular on southern exposure, and 

measures will be taken to respect the animal stocking rate and grazing duration. 
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INTRODUCTION 
 

The issue of renaturing the 
slag and ash dumps from thermal 

power plants is particularly 
important, due to the pollution 
effects of this industrial waste 
(Harrison et al.1996, Căpitanu et 

al.1999). 
One of the main methods of 

protection is the laying of a fertile 
layer of 10-20 cm over the surface 

of the ash dump, followed by re-
greening (Marușca et al. 2002, Oros 
2002). 

Some tests to install some 
species of shrubs (Amorpha 

fructicosa, Crataegus monogyna, 
Rosa canina) and trees (Eleagnus 
angustifolia, Fraxinus ornus, 
Robinia pseudoacacia, Sorbus 

torminalis and Populus nigra), in 
1998, have shown that the species  
survived up to 3 years after planting 
( Marușca, Dincă 2001), after which 

in 20 years they gradually 
disappeared completely. 

Thus, on slag and ash dumps 
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the only method of renaturation is 
their grassing until solification 
(Marușca et al. 1995, Hermenean et 

al. 2000). Prior to the application of 
this grassing method, compatibility 
studies were performed between 
perennial grass seeds and straw 

cereals mixed with different types 
of chemical fertilizers (Marușca 
1991, Marușca et al. 2009). 

Also, eutrophic peat was 
analyzed as a vegetal layer mixed 
with different proportions of ash 

(Marușca et al. 2000). 
All these preliminary studies 

have served to develop safer 
methods of grassing these ash 

dumps with particularly difficult 
conditions for plant growthing. 

 

MATERIAL AND METHOD 

 
Before the renaturation of 

the industrial dumps resulting from 

the Brașov thermal power plant, the 
main physicochemical properties of 

the ash and nearby peat used as 
plant substrate were analyzed (Table 

1). 

 
Table 1 

Physico-chemical characteristics of the grass dump substrate  

from Sânpetru - Brașov Year 2000 

Specification 1. Ash 2. Eutrophic peat Differences 1-2 % 

Particle size analysis (mm)  

Coarse sand:  > 0,2 3,9 0,2 - 3,7  5 

Fine sand: 0,2 - 0,02 70,9 59,4 - 11,5 84 

Dust 1: 0,02 - 0,01 9,2 9,4 + 0,2 102 

Dust 2.: 0,01 - 0,002 10,3 16,9 + 6,6 164 

Clay: < 0,002 5,7 14,1  + 8,4 247 

Assessment Sandy Loam sandy - - 

Chemical properties  

pH in H2O (ind.) 8,3 7,5  - 0,8 90 

Carbonates (%) 2,4 14,0  + 11,6 58 

Humus (%) 1,62 > 50 >  + 48,39 > 30,86 

P – AL (ppm) 42,0 48,5 + 6,5 115 

P – AL revised (ppm) 14,7 34,9 + 20,2 237 

K - AL (ppm) > 400 260 > - 140 >  65 

 

The granulometric analysis 

of the ash is sandy and of the loam-
sandy peat, both having a deficient 
aero hydric regime, being very 
permeable to water. 

In terms of chemical 
properties, ash has a basic reaction, 
low in humus and very rich in 
potassium. Instead, peat has a 

neutral to basic reaction, very rich 

in undecomposed organic matter. 

Both materials are poor in mobile 
phosphorus. 

Due to these properties less 
favorable to the installation of a 

grassy vegetation, for safety, a 
mixture with many species was 
used, namely: 

Agropyron intermedium 

10%, Agrostis stolonifera 10%, 
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Bromus inermis 10%, Dactylis 
glomerata 10%, Festuca pratensis 
10%, Phalaris arundinacea 10%, 
Phleum pretense 10%, Lotus 

corniculatus 5%, Medicago sativa 
5%, Melilotus albus 5%, 
Onobrychis viciifolia 5%, Trifolium 
pratense 5% and Trifolium repens 

5%,  in a total amount of 75 kg/ha. 
To this mixture of herbs is 

added Amaranthus caudatus 1 
kg/ha, together with 50 kg/ha straw 

cereals (40% oats, 30% spring 
barley and 30% rye). These grass 
and cereal seeds were mixed with 
500 kg/ha of complex chemical 

fertilizers of formula 15-15-15 
(NPK). 

Sowing of these mixtures of 
grass seeds + Amaranthus caudatus 

+ cereals + fertilizers was carried 
out in April 2002, on the ash 
substrate covered with 15-20 cm 
eutrophic peat with a slope of 45 

degrees, located on the two main 
sides, southern and northern. 

The seeds of some grass 
species were harvested from 
spontaneous flora such as 
Agropyron intermedium from Berca 

Buzau County, near mud volcanoes, 
being very well adapted to the 
alkaline reaction of the soil, or those 
with rhizomes such as Agrostis 

stolonifera and Phalaris 
arundinacea, adapted to sandy soils. 

Straw cereals and especially 
the crop species Amaranthus 

caudatus and other species of this 
genus for faster fixation of the 
powdery substrate of peat and ash 
and the protection of grass species 

and perennial legumes have been 
more sensitive in the early stages of 
growth. 

Cereal species and those of 

the genus Amaranthus, after they 
have finished their protective role, 
after the first year of vegetation 
disappeared. 

 

RESULTS AND DISCUSSION 

 
During the 20 years since 

sowing, the grassy vegetation has 
been installed and consolidated, 

making a grassy carpet on dump 
substrate and profoundly changed 
the soil characteristics (Table 2). 

The chemical analysis of the 

partially grassy carpet substrate was 
performed after 6 years from 
sowing, in 2008, on two depths 0-15 
cm, as was the average layer laid by 

peat and 15-30 cm from where 
begins a more sterile start of ash. 

Meanwhile, until 2021, the 
peat layer was completely 
mineralized, improving the ash 

layer with fertilizing elements. 
The results show a decrease in 

soil alkalinity which leads to a 
neutral reaction, more favorable to 

plant growth. 
On the southern dump 

exposure the chemical properties of 
the substrate are better than those on 

the northern exposure on both 
studied depths, due to the higher 
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thermal factor that more strongly 
influenced the peat mineralization, 
photosynthesis processes and 
accumulation of above and 

underground biomass. 
On the northern exposure, 

with better humidity conditions, 
there are several molehills (Talpa 

europaea) and on the southern 

exposure, drier and warmer, the 
foxes have made their burrows. 

Since sowing, on large 
groups of vegetation the floristic 

composition has undergone some 
changes caused by the improvement 
of the properties of the dump 
substrate (Table 3). 

Table 2 

Evolution of the average chemical characteristics of the grassy substrate  

depending on the exposed side 

Specification UM Depth 0 - 15 cm Depth  15 - 30 cm 

2008 2021 % 2008 2021 % 

 Southern side 

pH   (H2O ) ind. 7,9 7,6 96 8,0 7,5 94 

Carbonates (%) % 40,0 3,6 9 28,4 4,0 14 

Humus (%) % 10,47 17,02 163 4,58 13,66 298 

N total % 0,580 0,851 147 0,230 0,683 297 

PAL mobile ppm 7,6 57,8 760 10,7 57,8 538 

KAL mobile ppm 168 > 400 > 238 215 330 153 

Northern side 

pH   (H2O ) ind. 7,9 7,6 96 7,8 7,6 97 

Carbonates (%) % 33,2 15,0 45 30,8 35,0 114 

Humus (%) % 9,79 11,87 121 8,68 11,65 134 

N total % 0,504 0,594 118 0,437 0,583 133 

PAL mobile ppm 7,6 8,2 108 11,3 6,1 54 

KAL mobile ppm 277 335 121 264 217 82 

 
Table 3 

General floristic composition of the protective grassing works carried 
 out on the dumps from Sanpetru - Brasov

Specification 2002 2003 2008 2021 

Coverage (%) 96 100 100 92 

Grasses 17 43 95* 76 

Forage legumes 14 55 2 4 

Other families 19 2 3 12 

Amaranthus sp. 44 - - - 

Cereals 2 - - - 

* In 2008, after 6 years of sowing, in the grassy carpet the species with rhizomes  
Phalaris arundinacea participates on average with 92% on both sides of the dump 

 
Thus, in 2003, after the 

disappearance of the annual 
protection species, perennial 

legumes dominated by 55%, 
followed by grasses 43%. After 
another 5 years have dominated the 
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perennial grasses with 95% of 
which the species Phalaris 
arundinacea participated with an 
average of 92%, on both exposures 

of the dump. 
This year, perennial grasses 

dominate on average by 76%, 
forage legumes by only 4% and the 

rest of other less valuable species 
feed by 12% in total. 

In general, after 20 years, the 

forage quality of the grass is quite 
good with 18-20% crude protein 
(CB), crude fiber (CB) 26-30% and 
digestibility of organic matter 

(OMD) of 61-65%. 
The forage quality of the 

grass harvested in mid-May 2021 
was better on the northern exposure 

compared to that on the southern 
slope (Table 4). 

Table 4 
The forage quality of the grass from the Sanpetru - Brasov dump,  

depending on the land exposure 

Specification 
Exposed side Diferences,  S - N 

South North +,  - % 

CB 18,0 20,4 - 2,4 88 

Ash 8,6 10,8 - 2,2 80 

CB 30,4 26,3  4,1 116 

ADF 32,1 29,4  2,7 109 

ADL 2,7 2,1  0,6 129 

NDF 53,3 49,3  4,0 108 

DMD 67,0 71,0 - 4,0 94 

OMD 61,4 65,0 - 3,6 94 
 

This difference is explained 

by the fact that the dominant grass 
Poa pratensis was fully split, in 
comparison with Festuca rubra on 
the northern exposure, which was at 

the beginning of the bellows phase 
and the rest of the plants having 
better soil moisture. 

Considering the possibility 

of assessment the productivity of 
these meadows based on floristic 
survey (Marușca 2019), finally such 
an analysis was performed (Table 

5). 
The floristic composition on 

the southern side is dominated by 
Poa pratensis and on the northern 

one by Festuca rubra, so that 

separate analyzes were presented. 

It is noteworthy the 
persistence of the species Phalaris 
arundinacea in a proportion of 2-
8% as well as the species Agropyron 

intermedium which sows itself 
directly on the ash without plant 
layer. 

The pastoral value of the 

fairly well consolidated grassy 
carpet is between 61-68, considered 
good. 

The production of green 

fodder was evaluated at 12.9-16.5 t / 
ha, which allows an optimal animal 
stocking rate of 1.24-1.59 LU/ha in 
a grazing season of 160 days. Due 

to a higher soil moisture, on the 
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northern exposure slope, the 
productivity of the grassy carpet is 
approx. 13% higher than the 

southern exposure. 
Currently, the grassland is 

overgrazing with animals, already 
producing decrease in vegetation 
density and the beginning of wind 

and rain erosion, especially on the 
sunny slope. 

 
Table 5 

-% participation - 

Species  
Exposed side Dif. 

+,  - 

Index 

South North F M 

Level of vegetation cover (%) 85 99 - 14 x x 

Grasses 70 83 - 13 x x 

Poa pratensis 47 3 44 8 6 

Phalaris arundinacea 7 2 5 7 9 

Festuca rubra 5 65 - 60 7 6 

Festuca arundinacea 3 8 - 5 8 9 

Bromus inermis 2 - 2 8 8 

Agropyron repens 2 2 0 6 7 

Deschampsia caespitosa 2 1  1 3 0 

Dactylis glomerata 1 1 0 9 8 

Agropyron intermedium 1 1 0 5 7 

Forage legumes  3 4 - 1 x x 

Melilotus officinalis 1 - 1 6 7 

Medicago sativa 1 - 1 9 9 

Trifolium pratensis 1 - 1 8 7 

Trifolium repens - 4 - 4 8 5 

Other species  12 12 0 x x 

Descurainia sophia 4 - - 3 0 

Malva silvestris 2 - - 3 0 

Artemisia absinthium 2 - - 2 0 

Mentha longifolia 1 2 - 1 4 6 

Verbascum phlomoides 1 - - 3 0 

Rumex obtusifolius 1 - - 3 0 

Taraxacum officinale - 2 - 2 7 3 

Veronica chamaedris - 2 - 2 3 0 

Daucus carota - 1 - 1 6 5 

Alte specii 3 5 - 2 3 0 

Pastoral value 61 68 - 7 x x 

Green fodder index (IM) 4,76 5,70 - 0,94 x x 

Green mass production (t/ha) 12,9 16,5 - 3,6 x x 

 Animal stocking  rate, 160 

grazing days (LU/ha) 
1,24 1,59 - 0,35 x x 

 
CONCLUSIONS 
    

Industrial slag and ash 
dumps from coal-fired power plants 
pollute the environment, needing to 
be renatured by grassing methods. 

The best option for dump 
grassing was with 75 kg/ha of 
different perennial grasses, 
including Phalartis arundinacea 
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which fixes very well the substrate 
of eutrophic peat (15-20 cm) and 
ash, 50 kg/ha of straw cereals and 1 

kg/ha Amaranthus caudatus to 
protect the sown grasses in the first 
year and 500 kg/ha complex 
chemical fertilizers (NPK) of 

formula 15-15-15, as basic fertilizer. 
In parallel with the grass 

carpet settlement, the peat and ash 

substrate was substantially 
improved in terms of soil reaction 
and fertilizer content. 

After 20 years, a dense, 
protective grassy ground was 
produced, which can achieve 13-
16.5 t / ha of fresh  fodder with an 

optimal animal stocking rate of 1.2-
1.6 LU / ha in an optimal grazing 
season of 160 days. 
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