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1. Introduction 

REECOL activities aim for a significant improvement of post-mining ecological rehabilitation approaches on 

post-mining areas. The industrial activity associated with open-pit and underground coal mining often leads to 

irreversible environmental changes. Rehabilitation involves repair actions aimed at the renewed functional 

level of ecosystem processes on degraded sites and sustained provision of ecosystem services, rather than 

replicating the biodiversity and integrity of a native or undisturbed ecosystem.  For this reason, a specific 

approach and well-chosen indicators are essential for the evaluation of rehabilitation activities in heavily 

degraded post-mining areas.  A simple comparison of the structure and species composition of the developed 

ecosystems with the reference conditions is insufficient.  

The aim of task 5.2 is to develop short and long-term monitoring solutions for post-mining ecological 

rehabilitation activities. In the deliverable from task 5.1, the toolbox of methods to measure key ecological 

functions and processes was presented.  Chosen (bio)indicators will be tested in the case study areas selected 

in Task 3.4. In the frame of task 5.2 both the effectiveness of newly developed technologies for rehabilitating 

land degraded by mining (WP4), and the results of standard reclamation methods or leaving the land to 

spontaneous successional processes will be evaluated. The purpose of this report is the elaboration of the 

monitoring plan and an initial assessment of site study cases. 

2. General assumptions and objectives of the monitoring  

Within the framework of task 3.4, the following case study areas and experimental plots have been selected: 

Á Ptolemais lignite mines in Greece - areas already reclaimed and areas to be reclaimed with agricultural  

and forest land uses; 

Á Amyntaion lignite mines in Greece - the area surrounding the pit lake already reclaimed with aromatic plants; 

Á Jankowice P·ğnoc hard coal mine waste heap in Poland - non-reclined part of the heap; 

Á J·Ŧwin II B opencast lignite mine in Poland ï An internal dump intended for agricultural reclamation; 

Á Radovesice-StŚimice spoil heap complex in Czech Republic - areas left to natural succession; 

Á Velenje mining area in Slovenia ï the area of subsidence between lakes, where remediation is carried out  

by pre-filling the terrain; 

Á Mazingarbe in France ï The coal mine settling basin and the former tailing ponds undergoing natural and 

managed reclamation efforts. 

Short-term monitoring provides the data to evaluate the immediate success of ecological rehabilitation actions. Sites 

that will be rehabilitated using new solutions developed in WP4 (Mazingarbe in France, Jankowice P·ğnoc hard coal 

heap and J·Ŧwin II B opencast lignite mine in Poland, and Velenje mining area in Slovenia) will be monitored in 

parallel with areas not subject to reclamation activities and when it will be possible, with reference ecosystems. 

Each trial plot will be divided into three and from each sub-plot a composite soil from 8-9 soil samples will be 

collected at 0-20 cm depth. Soils will be sieved on site (<4mm), and homogenized. For each experimental plot 

based on identifying degradation, a specific list of indicators will be set. The short-term monitoring will be also applied 

for post-mining areas already reclaimed using the standards methods (Amyntaion lignite mines in Greece). 

Long-term monitoring solutions focus on measuring the sustainability of developed ecosystems. Experimental plots 

located on post-mining areas left to natural succession will be used in this sub-task (Radovesice-StŚimice spoil heap 

complex in Czech Republic). On experimental plots, the percentage of the tree, shrub and herbaceous plants will 

be determined. The non-native flora will also be identified. 8 - 9 samples from a depth of 0 - 20 cm will be taken 

from each area, to evaluate soil health and habitat condition. 

Long-term monitoring also includes the use of satellite data and unmanned aerial vehicle (UAV) data for large-scale 

rehabilitation progress assessment. Based on remote data both the vegetation health and soil conditions will be 

analysed on different reclamation schemes. The spatial and temporal trends of indicators will also be examined. A 

trial application of this monitoring will be carried out for selected study areas. 
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3. Monitoring plan for study sites  

3.1.   Ptolemais lignite mines ð Greece 

3.1.1. Site presentation 

The Ptolemais lignite mines are a complex of surface mines, with exhausted and two still in operation (Mavropigi 

and South Field-Deliverable 3.4). It covers an area of 148 km2 within the Environmental Permitting Limits, located 

in the Kozani Province of Western Macedonia. Public Power Corporation started mining development in the 

Ptolemais region in 1957. The two mines still in operation are scheduled for closure in 2026.  

The selected monitoring site includes areas that have already been reclaimed, some of them have been cultivated 

and some have been evaluated in order to host future land uses covering an area of 204.33 ha. The broader area 

of the orchard, which covers an area of 70 ha in the reclaimed area of the Main Field. This reclaimed area includes 

arable and forest land, and the fenced off area is called an ñorchardò, where fruit trees are cultivated (Fig. 1). The 

fenced off orchard area extends 6 ha and includes nine types, 44 varieties of fruit trees, and eight varieties of 

grapevine. Cereal cultivation is conducted in an adjacent area of 3 ha (Fig. 2, Fig. 3, Fig. 4). There are no 

deformation types in the area. The replanting procedure was carried out only when the area was covered with sandy 

mining materials (excavations) and was unsuitable for other types of plants. Acacia is used to improve soil stability 

and is considered a resilient species. Consequently, replanting with acacia was not conducted due to the failure of 

the previous planting. The reclaimed lands in this area were used from 2008 to 2022, but the planting usually was 

carried out 2 or 3 years after the preparation of the area to host the determined land use. 

 

Fig. 1. The reclaimed land types in the broader orchard area  

and the selected sampling points within the monitoring area.  
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Fig. 2. The fenced off area of the orchard with the cultivated fruit trees. 

 

Fig. 3. Apple trees in the orchard area.  

 

Fig. 4. Apple trees in the orchard area. 
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3.1.2. Design of the monitoring plan 

The main purpose of the planned monitoring of the broader orchard area in Ptolemais mines is to validate the 

already reclaimed soils and assess the effectiveness of the reclamation process, as well as to investigate the soil 

conditions for the future reclamation activities. Samples were collected in October 2024 by BRGM and Valorhiz and 

were transferred to the laboratory in order to determine microbial bio-indicators and combine them with the 

physicochemical soil properties.  

In the framework of the rehabilitation procedure, PPC evaluates the soil properties of the investigated land for 

reclamation to assess the suitability of the reclamation type that will be applied and monitor the already reclaimed 

soils. The area's existing monitoring plan includes physicochemical analyses and defining the mechanical and 

microbiological parameters of selected sampling points in a defined grid. The monitoring is not systematic, but it 

depends on the needs of the plantation activities. It is employed in selected sampling points in a defined grid and 

three different sampling depths: 0-30 cm, 30-60 cm and 60-90 cm.  

The following laboratory analyses have been employed: 

Á Available forms (diethylenetriaminepentaacetic acid-DTPA) after micronutrient extraction are used to estimate 

the potential soil availability of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn. 

Á Alternative Cations (Ca2+, ESP, K+, Mg2+, Na+, Cation Exchange Capacity) 

Á Nutritional ingredients (Corg, available B, available K, available P, NH4+, NO3, organic substances) 

Á Mechanical Parameters (granulometric composition-content in sand, clay, silt) 

Á Total quantities with royal water (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) 

Á Physicochemical properties (CaCO3, electric conductivity E, and Ph saturation) 

Long-term monitoring 

Long-term monitoring of the rehabilitated regions in the Ptolemais area will involve NDVI and soil 

bioindicators integration to provide a comprehensive and scalable approach for assessing and managing 

ecosystem health (Fig. 5). Integrating NDVI-based indices with soil bioindicators provides a robust framework for 

understanding ecosystem health by linking above-ground vegetation dynamics to below-ground soil processes. 

NDVI indices, such as overall productivity, annual maximum, and relative range, reflect vegetation biomass and 

phenological changes, which are directly influenced by soil properties like microbial biomass, enzymatic activity, 

and organic matter. Higher annual NDVI values indicate productive vegetation supported by nutrient-rich, 

biologically active soils, while variability in NDVI may signal soil degradation or stress. Phenological measures, such 

as the timing of green-up and length of the growing season, depend on soil moisture, microbial symbiosis, and 

nutrient availability. These connections enable a comprehensive assessment of soil-vegetation interactions, 

providing valuable insights for monitoring agricultural productivity, ecosystem restoration, and land degradation. 

Combining NDVI and soil bioindicators allows researchers and land managers to effectively track ecosystem 

resilience and sustainability across temporal and spatial scales. 

 

Fig. 5. Ptolemais area two year (2022-2024) average NDVI for the period April-October. 
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Monitoring plan in the REECOL project 

The monitoring plan focuses on tracking four areas: a non-rehabilitated zone, an orchard, a barley field, and 

an acacia forest. In these areas, several plots are defined according to the rehabilitation strategy and are 

subdivided into three to create subplots. For this purpose, the following monitoring plots were set (Table 1).  

Table 1. Plot definition. 

Area Plot Sub-Plot Reclamation type 
Geographical coordinates 

(central point; WGS 84) 

Non-

rehabilitated 

Control 

Control 1 

Soil without amendment 

or planting 

N: 40Á28'40.62 

E: 21Á45'30.04 

Control 2 
N: 40Á28'40.68 

E: 21Á45'31.18 

Control 3 
N: 40Á28'40.79 

E: 21Á45'30.06 

Start 

Start 1 

Soil covered  

with arable topsoil 

N: 40Á29'3.80 

E: 21Á45'33.59 

Start 2 
N: 40Á29'3.68 

E: 21Á45'34.60 

Start 3 
N: 40Á29'3.42 

E: 21Á45'36.57 

Orchard 

Apple 

Apple 1 

Soil with apple tree 

plantation 

N: 40Á29'4.03 

E: 21Á45'28.97 

Apple 2 
N: 40Á29'2.81 

E: 21Á45'29.95 

Apple 3 
N: 40Á29'0.99 

E: 21Á45'31.11 

Cherry 

 

Cherry 1 

Soil with cherry tree 

plantation 

N: 40Á28'54.21 

E: 21Á45'32.00 

Cherry 2 
N: 40Á28'52.28 

E: 21Á45'31.79 

Cherry 3  
N: 40Á28'52.64 

E: 21Á45'30.42 

Cereals field 

North 

 

Barley 1 

Soil with barley plantation 

N: 40Á29'3.85 

E: 21Á45'21.33 

Barley 2 
N: 40Á29'3.77 

E: 21Á45'23.00 

Barley 3 
N: 40Á29'3.66 

E: 21Á45'25.03 

South 

 

 

Barley 4 

Soil with barley plantation  

N: 40Á28'59.91 

E: 21Á45'21.31 

Barley 5 
N: 40Á28'59.86 

E: 21Á45'23.25 

Barley 6 
N: 40Á28'59.82 

E: 21Á45'23.66 

Acacia forest 
Acacia 

 

Acacia 1 

Soil with acacia plantation 

N: 40Á29'4.15 

E: 21Á45'13.38 

Acacia 2 
N: 40Á29'3.07 

E: 21Á45'12.60 

Acacia 3 
N: 40Á29'1.63 

E: 21Á45'11.34 
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Fig. 6. Map of the monitoring plot in the Ptolemais site. 

3.1.3. Preliminary Results 

In the monitoring area of Fig. 6, many sampling points have been measured according to the abovementioned 

parameters through the years. Of them, seven characteristic sampling points were selected from the sampling 

campaigns of 2024 and 2023. More specifically, the samples 1,2,3 and 4 were collected in 2024, while the 

samples 5,6 and 7 were collected in 2023. The results of the laboratory tests are presented in Tables 2-12.  

Table 2. Micronutrients-DTPA (units in ppm). 

No of 
sample 

Cd  Co Cr Cu Fe Mn Ni Pb Zn 

1 0.02 0.13 0.007 1.40 26.4 11.61 1.69 0.59 0.81 

2 0.01 0.07 0.006 0.82 25.06 5.13 1.52 0.35 1.07 

3 0,007 0.037 0.0027 0.22 48.8 0.53 2.03 0.06 0.52 

4 0,01 0,013 0.006 0.68 8.05 15.66 0.92 1.082 0.82 

5 0.05 0.078 0.01 1.66 90.67 4.02 1.94 0.29 4.71 

6 0.06 0.061 0.009 0.70 58.38 2.69 2.43 0.58 0.82 

7 0.016 0.012 0.02 0.89 20.65 1.29 0.68 0.36 0.33 
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Table 3. Alternative Cations. 

No of 
sample 

Ca2+ 
(me/100gr) 

ESP K+ 
Mg2+ 

(me/100gr) 
Na+  

(me/100gr) 
Cation Exchange 
Capacity (me/100gr) 

1 18,470 1.89 - 659.67 0.42 22.25 

2 17,831 2.65 - 465.67 0.42 15.95 

3 12,316 2.76 - 327.33 0.37 13.56 

4 16,832 2.42 - 215 0.31 12.87 

5 69.82 1.18 1.067 3.98 0.33 28.09 

6 96.51 2.69 0.57 3.10 0.45 18.64 

7 83.35 3.18 0.56 2.62 0.43 13.95 

Table 4. Nutritional ingredients. 

No of 
sample 

Available 
B (ppm) 

Available 
K (ppm) 

Available  
P (ppm) 

ɁH4+ 
(ppm) 

ɁɃ3-N 
(ppm) 

Ƀrganic 
substances 
(%) 

1 0.28 332.67 14.99 49.21 3.82 2.67 

2 0.41 197.33 24.47 43.73 4.67 3.52 

3 0.29 30.33 27.30 53.95 10.66 4.35 

4 0.16 231.67 22.38 46.36 5.40 1.6 

5 0.68 425.67 16.21 35.23 210.53 8.01 

6 0.69 229 7.11 29.45 58.87 7.01 

7 0.41 225 4.64 27.58 71.33 4.89 

 Table 5. Mechanical parameters. 

No of 
sample 

Sand (%) Clay (%) Silt (%) 

1 25.33 49.33 25.33 

2 34 39.33 26.67 

3 15.33 49.33 35.33 

4 41.33 32 26.67 

5 24.67 43.33 32 

6 22 48 30 

7 24 44.67 31.33 

 Table 6. Total quantities with royal water (units in ppm). 

No of 
sample 

Cd  Co Cr Cu Fe Mn Ni Pb Zn 

1 0.04 13.10 76.36 18.27 15,650 522.1 92.02 11.89 18.5 

2 0.019 6.13 51.65 13.97 9463.7 243.4 59.78 5 7.26 

3 0.003 0.72 9.67 2.69 2093 107.07 12.32 0.042 0.006 

4 0.10 15.96 125.93 24.25 20,986 704.7 178.67 16.85 27.97 

5 0.17 4.37 32.87 18.42 6388.67 187.37 37.31 4.7 19.71 

6 0.17 6.29 36.75 12.11 9947.33 315.43 46.03 5.56 12.94 

7 0.17 6 52.32 16.36 11636 272.33 61.04 5.30 12.38 
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 Table 7. Physicochemical properties. 

No of 
sample 

CaCO3 %  

(gCaCO3/100g dry soil) 

Electrical 
Conductivity 
(mS/cm) 

pH 

1 23.33 0.43 7.65 

2 50.27 0.37 7.81 

3 61.5 0.99 7.79 

4 33.2 0.34 7.82 

5 52.57 2.26 7.31 

6 46.5 0.69 7.73 

7 53.17 0.58 7.72 

In addition, the first results of the REECOL campaign in September 2024 are presented in Table 8 for the 

microbial respiration, Table 9 for the potential enzymatic activities linked to the carbon cycle, Table 10 for the 

potential enzymatic activities linked to the nitrogen cycle, Table 11 for the potential enzymatic activities linked 

to the phosphorus cycle and Table 12 for the potential enzymatic activities linked to the sulphur cycle. 

Table 8. Microbial respiration. 

Area Plot 

Basal microbial 
respiration  

(Õg CO2-C /g dry soil/ h) 

Potential microbial respiration 
(substrate induced)  

(Õg CO2-C /g dry soil/ h) 

Non-
rehabilitated 

Control 0.90 Ñ 0.09 2.75 Ñ 0.87 

Start 0.57 Ñ 0.10 0.78 Ñ 0.17 

Orchard 
Apple 1.08 Ñ 0.09 3.97 Ñ 0.18 

Cherry 1.05 Ñ 0.03 4.98 Ñ 1.34 

Cereals field 
North 0.96 Ñ 0.05 1.57 Ñ 0.46 

South 0.84 Ñ 0.03 2.78 Ñ 0.44 

Acacia forest Acacia 0.92 Ñ 0.12 2.15 Ñ 0.20 

Table 9. Potential enzymatic activities linked to the carbon cycle. 

Area Plot 
NAG (nmol/min/g 

dry soil) 
ɓ-Gal (nmol/min/g dry 

soil) 
Ŭ-Glu (nmol/min/g 

dry soil) 
ɓ-Glu (nmol/min/g 

dry soil) 

Non-
rehabilitated 

Control 0.66 Ñ 0.71 0.03 Ñ 0.05 2.81 Ñ 2.08 1.47 Ñ 0.86 

Start 0.00 Ñ 0.00 0.00 Ñ 0.00 0.51 Ñ 0.17 7.21 Ñ 2.94 

Orchard 
Apple 1.36 Ñ 1.99 0.74 Ñ 0.32 2.64 Ñ 0.46 32.31 Ñ 8.24 

Cherry 1.39 Ñ 0.20 0.11 Ñ 0.20 2.77 Ñ 1.33 34.15 Ñ 5.78 

Cereals field 
North 3.14 Ñ 2.01 0.50 Ñ 0.24 1.75 Ñ 0.73 9.44 Ñ 3.41 

South 1.07 Ñ 1.54 0.59 Ñ 0.07 6.04 Ñ 0.98 13.44 Ñ 3.95 

Acacia forest Acacia 0.07 Ñ 0.06 0.53 Ñ 0.21 1.18 Ñ 0.57 12.05 Ñ 2.58 
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Table 10. Potential enzymatic activities linked to the nitrogen cycle. 

Area Plot 
Arn  

(nmol/min/g dry soil) 

Ure  

(nmol/min/g dry soil) 

Non-
rehabilitated 

Control 0.48 Ñ 0.01 60.28 Ñ 8.18 

Start 0.83 Ñ 0.01 10.14 Ñ 8.25 

Orchard 
Apple 3.59 Ñ 0.55 102.37 Ñ 9.68 

Cherry 3.79 Ñ 0.54 84.66 Ñ 23.00 

Cereals field 
North 2.31 Ñ 0.04 63.10 Ñ 13.73 

South 2.33 Ñ 0.03 78.00 Ñ 6.43 

Acacia forest Acacia 1.34 Ñ 0.05 68.42 Ñ 16.09 

Table 11. Potential enzymatic activities linked to the phosphorus cycle. 

Area Plot 
PAc  

(nmol/min/g dry soil) 

Phos  

(nmol/min/g dry soil) 

Pak  

(nmol/min/g dry soil) 

Non-
rehabilitated 

Control 10.88 Ñ 9.48 39.98 Ñ 13.37 38.80 Ñ 6.41 

Start 4.99 Ñ 0.69 7.51 Ñ 1.81 7.05 Ñ 2.64 

Orchard 
Apple 29.12 Ñ 5.40 51.80 Ñ 8.33 81.02 Ñ 14.15 

Cherry 27.04 Ñ 3.57 46.85 Ñ 12.81 84.47 Ñ 9.33 

Cereals field 
North 12.32 Ñ 10.77 36.13 Ñ 4.18 42.05 Ñ 7.02 

South 17.85 Ñ 1.57 58.71 Ñ 24.05 51.72 Ñ 8.03 

Acacia forest Acacia 16.20 Ñ 2.58 31.12 Ñ 7.50 39.76 Ñ 2.90 

Table 12. Potential enzymatic activities linked to the sulfur cycle. 

Area Plot Ars (nmol/min/g dry soil) 

Non-
rehabilitated 

Control 0.01 Ñ 0.02 

Start 1.21 Ñ 1.77 

Orchard 
Apple 0.57 Ñ 0.24 

Cherry 0.69 Ñ 1.07 

Cereals field 
North 0.24 Ñ 0.41 

South 0.76 Ñ 0.66 

Acacia forest Acacia 0.09 Ñ 0.08 

3.1.4. Conclusion 

In the Ptolemais orchard area, seven sampling points were selected to present the most representative 

characteristics of the soils that already have land use or will be hosts. The experimental plots represent areas 

already reclaimed with arable land, forest land and the main orchard area. The laboratory analyses focused on the 

micronutrient concentration, the mechanical properties (granulometric composition), and physicochemical 

properties, as well as analyses for determining the soilôs carbonate content and fertility. 

The developed monitoring plan will allow a detailed sensitivity analysis of a wide range of indicators and to identify 

the most important factors limiting the effectiveness of reclamation activities. The selection of study plots allows to 
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compare the results of the planned monitoring with historical data collected by the PPC as part of its reclamation 

procedure and data obtained from satellite observation of the earth's surface. 

3.2. Amyntaion lignite mines ð Greece 

3.2.1. Site presentation 

The Amyntaion lignite mines are in Florina Prefecture in Western Macedonia, North Greece and cover an area 

of 61.83 km2 (Deliverable 3.4). The monitoring site (within the red polygon) is located in the inside dumping area 

of the Amyntaion mine, covering an area of approximately 80.5 ha and has already been reclaimed. The 

reclamation that has taken place in the area is the cultivation of aromatic plants (sampling points 1-7) and graded 

areas configured appropriately to host future land use but have yet to be cultivated (sampling points 8 and 9) 

(Fig. 7). The cultivation of aromatic plants has been developed since 2020 and includes 20,000 plants of oregano 

(4.6 ha), 5000 lavender (2.74 ha), 4000 rosemary (1.62 ha), and 12,000 sage (0.99 ha) (Fig. 7, Fig. 8).  

 

Fig. 7. The area of aromatic plants and the selected sampling points within the monitoring area. 
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Fig. 8. The aromatic plants area. 

3.2.2. Design of the monitoring plan 

The main purpose of the planned monitoring of the broader of aromatic plants in Amyntaion is to validate the 

already reclaimed soils and assess the effectiveness of the reclamation process, as well as to investigate the 

soil conditions for the future reclamation activities.  

Samples will be collected in 2025 by BRGM and will be transferred to the laboratory in order to determine 

microbial bio-indicators and combine them with the physicochemical soil properties. 

In the framework of the rehabilitation procedure, PPC evaluates the soil properties of the investigated land for 

reclamation to assess the suitability of the reclamation type that will be applied and monitor the already 

reclaimed soils. The area's existing monitoring plan includes physicochemical analyses and defining the 

mechanical and microbiological parameters of selected sampling points in a defined grid. The monitoring is 

not systematic, but it depends on the needs of the plantation activities. It is employed in selected sampling 

points in a defined grid and three different sampling depths: 0-30 cm, 30-60 cm and 60-90 cm.  

The following laboratory analyses have been employed: 

Á Available forms (diethylenetriaminepentaacetic acid-DTPA) after micronutrient extraction are used to 

estimate the potential soil availability of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn. 

Á Alternative Cations (Ca2+, ESP, K+, Mg2+, Na+, Cation Exchange Capacity) 

Á Nutritional ingredients (Corg, available B, available K, available P, NH4+, NO3, organic substances) 

Á Mechanical Parameters (granulometric composition-content in sand, clay, silt) 

Á Microbiological Parameters (alkaline phosphate, dehydrogenation, microbiological activity, microbiological 

nitrogen, microbiological carbon, urea.  

Á Total quantities with royal water (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) 

Á Physicochemical properties (CaCO3, electric conductivity E, and Ph saturation). 

Long-term monitoring 

Aromatic plants play a critical role in ecosystems, and their cultivation and health are tightly linked to soil quality 

and vegetation dynamics, making them an excellent case for integrating NDVI and soil bioindicators (Fig. 9). 

NDVI can provide a landscape-level perspective on the health and productivity of aromatic plant vegetation in 

the long term, identifying areas of dynamic growth or stress indicating rehabilitation quality. Meanwhile, soil 

bioindicators, such as microbial biomass, enzymatic activity, and soil respiration, offer insights into the soil 
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processes that sustain these plants, such as nutrient cycling and water availability. Healthy soils with active 

microbial communities and optimized organic matter decomposition enhance aromatic plant growth, reflected 

in higher NDVI values. Conversely, poor soil or degradation stress can result in poor vegetation performance, 

leading to reduced NDVI and diminished yield or quality of aromatic plant products. By integrating NDVI and 

soil bioindicators, stakeholders can effectively monitor the health of aromatic plant ecosystems, optimize 

agricultural practices, and assess restoration outcomes, ensuring sustainability and productivity in a cost-

effective and scalable manner. 

 

Fig. 9. Amyntaion area: two year (2022-2024) average NDVI for the period April-October. 

3.2.3. Preliminary Results 

In the monitoring area of Fig. 7, many sampling points have been measured regarding the abovementioned 

parameters through the years. Of them, the most recent sampling points were selected. More specifically, nine 

characteristic sampling points were selected, of which 1,3,7,8 and 9 were taken in 2020, and 2,4,5 and 6 were 

taken in 2022. The results of the laboratory tests are presented in Tables 13-19. 

Table 13. Micronutrients-DTPA (mg/kg). 

No of 
sample 

Cd  Co Cr Cu Fe Mn Ni Pb Zn 

1 0.018 0.41 0.015 2.3 148.07 5.63 3.17 0.34 1.92 

2 0.053 0.36 0.047 4.83 118.78 3.67 6.26 0.63 2.86 

3 0.055 1 0.016 5.85 158.8 4.43 5.85 0.73 1.65 

4 0.097 1.8 0.087 4.21 583.18 18.33 8.68 0.95 5.84 

5 0.03 0.097 0.093 1.81 189.47 5.18 2.24 0.15 2.05 

6 0.017 0.05 0.02 2.41 23.75 5.03 1.58 0.57 0.9 

7 0.027 1.95 0.02 2.64 341.57 5.83 5.3 0.37 2.02 

8 0,015 0,066 0,014 0,554 8,3 3,08 0,654 0,292 0,112 

9 0,015 0,072 0,014 0,646 9,78 3,61 0,472 0,339 0,083 
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Table 14. Alternative Cations. 

No of sample 
Ca2+ 

(mg/kg or 
me/100gr) 

ESP 
K+  

(mg/kg or 
me/100gr) 

Mg2+ 
(mg/kg or 
me/100gr) 

Na+  
(mg/kg or 
me/100gr) 

Cation Exchange 
Capacity (mg/kg or 

me/100gr) 

1 (me/100gr) 33 0.66 0.11 5.25 0.33 50.12 

2 (mg/kg) 10,455 1.4 90.33 1222 202.55 63.45 

3 (me/100gr) 56.87 0.27 0.12 8.33 0.12 47.82 

4 (mg/kg) 10,919 2.25 108.17 659.17 157.34 60.98 

5 (mg/kg) 8258.84 2.03 132.06 736.47 226.92 48.68 

6 (mg/kg) 6892.49 3.47 205.44 2124.11 435.96 54.37 

7 (me/100gr) 46.93 0.6 0.14 7.63 0.21 34.77 

8 (me/100gr) 25.5 0.4 0.22 2.3 0.07 19.3 

9 (me/100gr) 24 0.7 0.24 1.1 0.13 19.95 

 Table 15. Nutritional Ingredients. 

No of sample 
Available B 
(mg/kg) 

Available P 
(mg/kg) 

ɁH4+ 
(mg/kg) 

ɁɃ3-N 
(mg/kg) 

Ƀrganic 
substances (%) 

1 0.89 21.17 7.17 38.07 6.37 

2 0.25 11.08 190.7 134.63 9.23 

3 0.95 18.83 10.27 27.63 6.23 

4 0.50 34.11 240.83 83.95 13.28 

5 0.27 34.81 102.93 45.91 10.3 

6 0.47 5.08 145.5 48.43 0.7 

7 1.11 9 13.03 24.23 6.5 

8 0,6 4,7 14,696 1,1 0,62 

9 0,72 6,9 8,9 0,9 0,62 

 Table 16. Mechanical parameters. 

No of sample Sand (%) Clay (%) Silt (%) 

1 66 12.67 21.33 

2 56.33 18 25.67 

3 64 15.33 20.67 

4 72.3 10.2 17.5 

5 60 26 14 

6 41 32 27 

7 59.3 9.3 31.3 

8 64 20 16 

9 44 18 38 
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Table 17. Total quantities with royal water (units in mg/kg). 

No of sample Cd Co Cr Cu Fe Mn Ni Pb Zn 

1 0.08 8.52 44.5 24.7 11,606.3 280.77 47,08 7.03 18.3 

2 0.34 18.76 107.56 16.5 18,981.9 297.04 80.87 5.65 58.8 

3 0.17 7.43 49.5 29.1 10,414.3 161 42.75 7.3 20.3 

4 1.42 11.9 30.09 31.3 13,883.1 203.45 36.01 7.19 44.54 

5 1.05 6.4 47.15 17.94 9,386.4 295.9 43.38 2.48 26.97 

6 1.15 17.63 95.99 33.76 17,204.9 346.5 138.82 13.38 62.93 

7 0.09 9.9 62.83 42.33 11,703 193.73 46.93 9.3 23.77 

8 0.07 12.2 119.9 21.3 11,933 360 161,1 6.5 13.8 

9 0.26 9.6 61 15.7 5443 271.3 70 6.4 25.1 

Table 18. Microbiological Parameters. 

No of 
sample 

Alkaline phosphate 

(mg p- nitrophenol 
/kg dry weight / h) 

Dehydrogen
ation (mg 
TPF/kg dry 
weight / h) 

Microbiological 
activity (ɛg/g 
CO2 / g dry 
weight / h) 

Microbiolo-
gical  
N (ɛg/g) 

Microbiolo-
gical  
C (ɛg/g) 

Urea  
(mg Ɂȼ4+/kg 
dry weight / 2h) 

2 3.64 -888 15.45 64.81 76.1 3.3 

4 6.23 -888 23.21 51.85 65.23 -888 

5 20.16 0.18 25.5 12.96 978 2.4 

6 1.06 -888 7.87 12.96 130.46 -888 

 Table 19. Physicochemical Properties. 

No of 
sample 

CaCO3 % 
(gCaCO3/100g dry soil) 

Electrical 
Conductivity (mS/cm) 

pH 

1 20.13 2.41 7.33 

2 2.67 1.55 7.15 

3 19.94 1.64 7.33 

4 2.29 1.35 5.41 

5 40.17 1.06 7.17 

6 3.83 1.71 7.98 

7 3.72 2.54 6.33 

8 17.5 0.52 8 

9 8.2 0.367 8.1 

3.2.4. Conclusion 

In the aromatic plant area of Amyntaion mines, nine sampling points were selected to present the most 

representative characteristics of the soils which already host a land use or will be the host. The experimental 

plots represent the main area where the aromatic plants have been developed, and two are located in the 

broader area. The laboratory analyses focused on the micronutrient concentration, mechanical properties 

(granulometric composition), microbiological parameters, physicochemical properties, and analyses for 

determining the soilôs carbonate content and fertility. 



                                   
Deliverable 5.2  |  Page 19 

  

 

  

 

Co-funded by the European Union. Views and opinions expressed are however 

those of the author(s) only and do not necessarily reflect those of the European 
Union or European Research Executive Agency. Neither the European Union nor 

the granting authority can be held responsible for them.  
 

The developed monitoring plan will allow a detailed sensitivity analysis of a wide range of indicators and  

identifying the most important factors limiting the effectiveness of reclamation activities. The selection of study 

plots allows to be compare the results of the planned monitoring with historical data collected by the PPC as 

part of its reclamation procedure and data obtained from satellite observation of the earth's surface. 

3.3. Jankowice P·Ġnoc hard coal mine waste heap - Poland 

3.3.1. Site presentation 

The P·ğnoc Waste Heap covers areas of about 56 ha and is located in the south-western part of the Upper 

Silesian Coal Basin. The waste from the underground hard coal mine Jankowice mine is stored here. The mine 

started the extraction in 1916 and is scheduled for closure in 2049.  The waste rock does not provide appropriate 

conditions for plant growth.  The high content of skeleton parts, low content of easily decomposable organic and 

nitrogen, and phosphorus causes only for very low demanding pioneer species can grow. The processes of 

spontaneous succession are also blocked by the low water capacity of the stored material and its low albedo 

which significantly affects the formation of unfavourable microclimatic conditions. During heat waves, the surface 

temperature of the land exceeds 40 which contributes to a large water deficit. The standard method of reclamation 

is to cover the area with a layer of soil substrate and green the area with grass plants. 

During WP4, new solutions for the post-mining reclamation will be tested in the study area. GIG-PIB will apply 

low-cost techniques for improving soil conditions at the in situ experimental plot. Ground mine tailings and organic 

waste will be used for this purpose (Task 4.1). The aim of these measures is to create a habitat convenient for 

low-demanding herbaceous species, with the ability to compete with invasive plants and trees. This kind of 

rehabilitation action is dictated for areas with a high redevelopment potential, where the encroachment of invasive 

vegetation and woody vegetation can reduce this potential. This kind of plant community could be also applied 

on the mine waste heaps with elevated risk of thermal processes. The encroachment of trees is unfavourable in 

such areas, due to the supply of oxygen deep into the heap by the roots. 

KOMAG, on a 60x40m experimental plot located in close proximity to the GIG-PIB research plot, will carry out 

tests using the developed technology for soil remediation (developed in Task 4.3.). The technology is designed 

to support the soil remediation process by accelerating its greening with low vegetation, enriching the substrate 

by dosing bio-waste (generated, inter alia, as part of Task 4.2.) and supplementing water during plant growth in 

the dry season, based on the results of analysis of the NDVI index obtained from drone flights and from sensors 

located in the soil, cooperating with the measuring station. The implementation of the above-mentioned 

treatments will be carried out by means of a designed device consisting of a novel automated spraying system  

(Fig. 10) cooperating with a GPS sensor and carrying out actions on the basis of a developed algorithm.   

 

Fig. 10. Spraying device as part of soil remediation technology (task 4.1.). 
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3.3.2. Design of the monitoring plan 

The main purpose of monitoring is to assess the effectiveness of in situ application reclamation methods 

developed in the frame of task 4.1 and task 4.2. On the P·ğnoc waste heap, 2 experimental plots will be set 

for testing new reclamation methods.  The first plot will be dedicated to testing the directed succession methods 

for revegetation on post-mining terrains (GIG-PIB). On the second plot the technology for non-contact 

remediation and control of soil parameters with the use of biowaste will be applied  (KOMAG).  

Fig. 11 shows the test plot, subdivided into smaller test parcels, where different technology operation variants 

will be implemented (Table 20). 

 

Fig. 11. Test plot with planned parcels to test variants of soil remediation technology operation (task 4.2.). 

Table 20. Operational variants of the non-contact soil remediation technology planned for the individual parcels 

located in the experimental  plot (60mx40m). 

Parcel number  Planned works per parcel 

1. 
No activities, allowing assessment of spontaneous plant succession on the substrate without 
supporting activities - reference plot 

2. 
Seed-only spraying on the test plot, allowing assessment of spontaneous plant succession on the 
substrate without supportive measures - apart from this, no additional work will be carried out 
throughout the tests.  

3. Seed-only spraying on the test plots - in addition, water will be sprayed throughout the tests. 

4. 
Spraying of bio-waste only (obtained in Task 4.1) on the test plot - apart from this, no additional 
work will be carried out throughout the tests. 

5. 
Spraying only biowaste (obtained in task 4.1) on the test plots - in addition water will be sprayed 
throughout the tests 

6. 
Spraying only seeds (selected in task 4.3) with mulch - apart from this, no additional work will be 
carried out throughout the tests. 

7. 
Spraying only seeds (selected in task 4.3) with mulch - in addition water will be sprayed throughout 
the tests 

8. 
Spraying of bio-waste (obtained in task 4.1), seeds (selected in task 4.3) with mulch on the test 
plot - apart from this, no additional work will be carried out throughout the tests. 

9. 
Spraying of bio-waste (obtained in Task 4.1), seeds (selected in Task 4.3) with mulch on the test 
plot - in addition water will be sprayed throughout the tests. 
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  All of the work presented above on the test parcels prepared, is designed to assess the effectiveness of using 

a fully operational soil remediation technology, compared to different options for its application and in the face 

of the technology not working. The experimental plots will be located on the flat top of the heap, where 

reclamation activities not yet been carried out (Fig. 12).  

 

Fig. 12. Flat surface of the P·ğnoc waste heap on which experimental plots will be located. 

The results of the effectivity of innovative reclamation approaches (task 4.1 and 4.2) will be compared with the 

surface of P·ğnoc waste heap where no reclamation measures have been undertaken  (experimental plot 

3)  and with ecosystems of low herbal ecosystems developed on native soil, located in proximity to the case 

site (experimental plot 4)(Fig. 13). 

 

Fig. 13. The reference low herbal ecosystems on developed on native soil. 

The size and location of the experimental plots were determined in such a way as to be able to conduct 

monitoring of individual plots using satellite data. In the case of P·ğnoc waste heap the Sentinel 2 (Band 8 and 

Band 10)(Fig. 14) and Landsat 8 band 10 data (Fig. 15).  
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Fig. 14. Location of research plots in the background of Sentinel 2 satellite image. 

 

Fig. 15. Location of research plots in the background of LANDSAT BAND 8. 
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The key characteristics of each experimental plots are summarised in the table below (Table 21). 

Table 21. Characteristics of experimental plots. 

ID Plot types Dimension Slope 
Geographical coordinates  

(central point; WGS 84) 

1 
Rehabilitation by directed 

succession 
40m x 40m < 5Á (5.23%) 

N50Á03'38.99" 

E: 18Á34'25.65 

2 Non-contact rehabilitation 60m x 40m < 5Á (5.23%) 
N: 50Á03'39.13" 

E: 18Á34'23.76" 

3 
Waste material without 

treatment 
30m x30m < 5Á (5.23%) 

N: 50Á03'38.17" 

E: 18Á34'24.08" 

4 
Herbaceous plant 

communities on native soil 
20mx20m < 5Á (5.23%) 

N: 50Á03'38.17" 

E: 18Á34'24.08" 

Taking into account the identified forms of degradation of the analyzed post-mining area and the range of 

planned rehabilitation activities, the monitoring will include the following range of small scale indictors: 

Á Soil water holding capacity 

Á Soil organic matter 

Á Soil organic carbon 

Á Thermolabile carbon 

Á pH water 

Á Total nitrogen 

Á Total phosphorus: 

Á Phosphorus availability 

Á Cationic exchangeable capacity 

Á Granular composition 

Á As content 

Á Sulphur content  

Á Microbial diversity 

Á Functional diversity based on functional genes 

Á Soil microbial biomass 

Á Soil microbialCO2emission 

Á Enzyme activities linked to nitrogen cycle 

Á Enzyme activities linked to carbon cycle 

Á Enzyme activities linked to phosphorus cycle 

Á Enzyme activities linked to sulphur cycle 

Á FDA activity 

Á Leaf chlorophyll concentration 

Á Vegetation Cover Index (VCI) 

Á Contribution of plants plant species occurring in undisturbed ecosystem 

Á Contribution of invasive species.  

The above (bio)indicators and  physicochemical parameters of soil will be measured on each experimental 

plots 2 times. In the late spring after application of rehabilitation action, that is plan on the beginning of the 

vegetation season in 2025 year. And in the late spring in 2026 year.  

To  measure sustainability of developed ecosystems following large scale indicators will be monitored: 

Á Normalized difference vegetation index 

Á Normalized Difference Moisture Index 

Á Land surface temperature. 
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For the calculation of these indicators the satellite-based Earth observations data will be used. The temporal 

resolution of Sentinel 2 data is 5 days, and in the case of Landsat8 it is 8 days.  Available satellite data will be 

collected and analyzed during the growing season in 2025 and 2026. 

Due to the fact that the available resolution of satellite data does not allow for precise identification of areas 

requiring additional action, which is the subject and purpose of the non-contact remediation technology, parallel 

flights will be conducted using a UAV equipped with a multispectral camera. The data obtained will be used for 

precise measurement of NDVI, VCI parameters, as well as creation of precise RGB mapping and terrain shape 

with an accuracy of up to 5 cm. The result of NDVI data segmentation for the purpose of determining the VCI 

parameter is presented in the figure below (Fig. 16). 

 

Fig. 16. Identification of vegetation areas based on UAV-derived NDVI data, resolution 1px/5cm (task 4.3.). 

It is expected that UAV measurements will be performed at 7-day intervals. The monitoring method is shown 

in the following steps in Fig. 17.  
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Fig. 17. Procedure for conducting monitoring with UVA (task 4.4.). 

The first step is to define the boundaries of the study area (point 1). Knowing these boundaries, the development 

of the flight path (point 2) proceeds. Defining this path is crucial in order to ensure the repeatability of 

measurements and the possibility of comparing the results obtained, since all subsequent obliterations and 

recordings will follow the same path. Along with the definition of the path, parameters related to the method of 

taking pictures and registrations (number of pictures, resolution,  sensors angle, etc.) are defined. After the 

determination of the flight path, however, before the start of reclamation treatments, the first flight is carried out 

along with the registration of the assumed parameters (point 3). On the basis of the obtained registrations, maps 

of multispectral values will be developed, which will be the starting point/beginning point for further monitoring 

and analysis (point 4). At point 5, reclamation treatments will be carried out, such as applying additional layers of 

soil, enriching with organic matter, sowing seeds, etc. At a predetermined time after the reclamation treatments 

are carried out, a drone flight is made with pre-set parameters and the established parameters are recorded 

(point 6.). On the basis of these flyovers, a map of multispectral values is made (point 7.) which will then be 

compared with the results obtained in the previous flyover (point 8.). Analyzing the trends obtained by comparing 

the results of the last spraying with previous ones, specific reclamation measures can be established (item 9). 

Specialists can decide, for example, to increase or decrease the frequency of sprinkling, fertilization, or change 

the settings of equipment to control the coverage of the relevant area with a given spray. The tasks defined here 

will be carried out after closing the loop in point 5. The next step (point 10) will be to set a date for the next flight 

with registration. This date may depend, for example, on the weather, germination, or vegetation period of the 

plant species in question, etc. The task parameters will be determined on an ongoing basis with the appropriate 

group of people and data from mobile measuring station. If the date of the next flight is set one loop of monitoring 

can be finished before proceeding to point 5. If, however, it is decided monitoring has to be terminated in the area 

(point 11.), it will end the process of cyclic flights and the process of monitoring the heap. 

A mobile measuring station with a power supply system and GPRS transmission will also be located at the test 

field location, allowing continuous monitoring of the test plots. The station will be located in the centre of the 

research area, on the heap óP·ğnocô KWK Jankowice. The station will enable the following parameters to be 

recorded: 

Á wind intensity and direction,  

Á soil moisture  

Á soil temperature 
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Á dustiness  

Á atmospheric pressure, 

Á air temperature and humidity, 

3.3.3. Preliminary Results 

On August 28, soil samples were taken from experimental plots and the reference vegetation community. Each 

soil samples composite soil from 8-9 sub-samples collected at 0-20 cm depth.  The basic indicators affecting 

plant growth conditions were determined in the analytical laboratory of GIG-PIB. The results of the analyses 

are presented in the table below (Table 22). 

Table 22. Results of preliminary study site assessment. 

Parameter 
P·ğnoc 

waste heap 
Reference 
ecosystem 

Comments 

pH 7,8 7,6 
The substrate within experimental plots and reference soil 

indicate lightly alkaline reaction 

Soil salinity 
[mS/m] 

0,2 0,18 
Substrate is characterized by salinity well below thresholds that 

may have a negative impact on vegetation (>4us/m) 

Total soil organic 
carbon 

19,48% 9,31% 

Organic carbon content shows much higher values than in the 
reference soil. However, it should be assumed that it is a 
organic compounds difficult to mineralize by microorganisms 

(content of hard coal) 

Total nitrogen 0,24% 0,23% 

The substrate within experimental plots has a similar total 
nitrogen content to that of the referent soil. Due to hard coal 
content, it is mostly nitrogen compounds with low bioavailability 

for plants and microorganisms. 

Total 
phosphorus 

0,05% 0,16% 

The substrate has a much lower concentration of phosphorus. 
It may be the main reason for limiting the development of 
vegetation on this substrate. It is necessary to assess the 
availability of this element for plants and microorganisms. 

Calcium 0,29% 1,04% 
High calcium content is distinguished for semi natural 

xerothermic grasslands habitats. 

Sulphur 0,13 0,07 
The substrate within the test plot, compared to the reference 

soil, has a 2 times higher sulphur content 

Granular 
composition - 

Content of 
skeleton particles 

69% 21% 
Content of skeleton particles .2mm is above  60% Which can 
negatively impact on the substrate water holding capacity 

Preliminary drone flights were carried out on the heap óP·ğnocô KWK Jankowice in July, on the basis of which 

a 3D model of the heap was made Fig. 19 and an Orthophotomap Fig. 18.  
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Fig. 18. Othophotomap of the Heap (4.5.). 

  

Fig. 19. 3D model of the ñP·ğnocò Heap (4.6.). 

Using a multispectral camera, images were taken at the planned test and survey area located on the heap to 

produce a map with the NDVI indicator (Fig. 20). 
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a)  b)  

Fig. 20. Overall view of the planned reclamation area: a) visible light camera, b) NDVI index (4.7.). 

3.3.4. Conclusion 

Preliminary results indicate the need for the use a broader range of small scale indicators. Due to the properties of 

hard coal post-mining waste, the standard physical and chemical indicators do not allow for a clear identification of 

factors limiting vegetation growth in the study area. E.g., a similar content of organic carbon and nitrogen as in the 

reference soil does not determine that hard coal waste rock provides in this regard an optimal habitat for the 

development of diverse plant communities. The planned use of bioindicators should clearly indicate the factors 

limiting the growth of vegetation within the analysed area. 

The number, dimension and location of experimental plots allow the testing large-scale indicators based on both 

satellite data and data acquired with UVA. Planned monitoring also provides the opportunity to correlate indicator 

values within plots where new restoration methods will be tested to conditions within reference habitats. 

3.4. J·ƪwin II B opencast post-mining area ð Poland 

3.4.1. Site presentation 

The Konin Lignite Mine is located in the eastern part of the Greater Poland Voivodeship. The mine has been 

serving as a crucial supplier of lignite for the PŃtn·w-Adam·w-Konin Power Plant Complex. Geographically, this 

region falls within the Central Polish Lowlands in the Greater Poland Lake District and is characterized by 

relatively flat terrain. The Konin Lignite Mine has been a multi-pit surface mine with a long history of lignite 

extraction using opencast methods. Many post-mining areas have been already reclaimed and developed as 

post-mining lakes, agricultural lands and forests, significantly contributing to the overall landscape of the region. 

Rehabilitation efforts in the Konin Basin have been focused on restoring the ecological functionality of these 

degraded landscapes through a combination of technical and biological reclamation. Technical reclamation has 

involved reshaping the terrain and applying layers of more fertile soils. These activities were designed to stabilize 

the landscape and prevent further erosion, creating a foundation for ecological recovery. The subsequent 

biological reclamation phase has aimed to restore vegetation and improve soil quality. Agricultural reclamation 

has been used to establish fields and grasslands, while forest reclamation has focused on planting native tree 

species to enhance ecological stability and support biodiversity. These efforts have also included soil 

improvement techniques such as fertilization and the introduction of crops suitable for enriching the soil. 

The specific object of this study is J·Ŧwin II B opencast, which spans across Kleczew and Wilczyn municipalities, 

covering an area of 47,3 kmĮ. Exploitation of PŃtn·w IV deposit at J·Ŧwin II B opencast has started in 1999. 

Since then, the mining operations has caused considerable alterations to the landscape. The extraction of lignite 

involved the removal of vast amounts of overburden material, resulting in the creation of significant excavation 

pit and extensive dumping grounds, both internal and external (Fig. 21). 

Lignite extraction officially ended at J·Ŧwin IIB in June 2023. Soils have been contaminated with heavy metals 

and have suffered from nutrient depletion and salinization, severely limiting their fertility and structural stability. 



                                   
Deliverable 5.2  |  Page 29 

  

 

  

 

Co-funded by the European Union. Views and opinions expressed are however 

those of the author(s) only and do not necessarily reflect those of the European 
Union or European Research Executive Agency. Neither the European Union nor 

the granting authority can be held responsible for them.  
 

Hydrological systems have been disrupted. The impact on local ecosystems has been profound, with the loss of 

native habitats and significant challenges to vegetation regrowth due to the poor quality of disturbed soils. 

Currently, the J·Ŧwin II B post-mining area is in the process of decommissioning and reclamation, which is 

planned to last until the end of 2029. The reclamation strategies employed at the J·Ŧwin II B area are designed 

to transform this mining landscape into an ecologically balanced area. This includes dismantling of mining 

infrastructure, remediation of environmental impacts, and reclamation of the land. The reclamation efforts are 

multifaceted, involving technical and biological rehabilitation aimed at transforming the post-mining landscape 

into agricultural, forestry, recreational, and aquatic environments. Specific measures include the stabilization of 

slopes, creation of water reservoirs, rehabilitation of soils and restoration of vegetation. 

Reclamation works in terms of soil rehabilitation are at the different stage of advancement in individual parts of 

J·Ŧwin II B post-mining area. At the moment, many parts of internal dumping grounds remain barren due to their 

phytotoxic soil properties and relatively low soil fertility, being subjected only to technical reclamation until today. 

Over time, the influence of natural succession dumping ground is also visible in terms of plant cover. Some parts 

of the dumping ground are under ongoing agricultural reclamation. In this context, a range of agrotechnical 

measures are currently employed to rehabilitate the land for agricultural productivity. These practices, which 

include medium ploughing, the use of heavy and light harrowing, the application of mineral fertilisers, and the 

sowing of grass and leguminous seeds (such as tufted grass and sown alfalfa), are designed to enhance soil 

structure, fertility, and moisture retention. 

 

Fig. 21. Location and range of J·Ŧwin II B post-mining area.  

The red point is the location of experimental plots on the internal dumping ground. 

3.4.2. Design of the monitoring plan 

The planned monitoring activities address two different monitoring goals and will be divided into two pilot 

monitoring programmes: 

м {ƳŀƭƭπǎŎŀƭŜ ǘǊƛŀƭ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳƳŜ ƻŦ ǎƻƛƭ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ƎǊƻǿǘƘ ƻƴ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ǇƭƻǘǎΣ ǳǎƛƴƎ ƛƴπǎƛǘǳ ǎƻƛƭ ǎŀƳǇƭƛƴƎΣ ƭŀōƻǊŀǘƻǊȅ ǘŜǎǝƴƎ ŀƴŘ ǾƛǎǳŀƭκǎǇŜŎǘǊŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊΣ ŀƛƳƛƴƎ ǘƻ ǘŜǎǘ 

ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŎƻƳǇƻǎǝƴƎ ŀƴŘ ŀƭŦŀƭŦŀ ƎǊƻǿǘƘ ƻƴ ǎƻƛƭ ǊŜƘŀōƛƭƛǘŀǝƻƴ ŀǎ ǇŀǊǘ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǊŜŎƭŀƳŀǝƻƴ ǎǘǊŀǘŜƎȅΦ 

For this trial monitoring programme, three adjacent experimental plots have been established at the J·Ŧwin II 

B post-mining area. They are located at the northern part of the area within the internal dumping ground that 
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until today has undergone only the technical reclamation. Each experimental plot will be subjected to a different 

scenario, including cultivation, composting and alfalfa seeding. The key characteristics of each experimental 

plot are summarised in the table below (Table 23). The main objective of the monitoring plan for the established 

experimental plots is to test the influence of compost of high biological activity on soil fertility and other soil 

parameters, as well as the influence on vegetation growth. The mentioned compost is being prepared within 

WP4 of the REECOL Project. In parallel monitoring will allow to assess the influence of biological rehabilitation, 

i.e. alfalfa growth on soil parameters. The established experimental site is 246 m2 and is divided into 3 

experimental plots of the same dimensions (M1, M2, M3) (Fig. 22). 

Table 23. Characteristics of experimental plots. 

ID Rehabilitation activity Area Central point, WGS 84) 

M1 cultivation + alfalfa seeding 82 m2 18Á 10' 25.50" E, 52Á 25' 51.82" N 

M2 cultivation 82 m2 18Á 10' 25.86" E, 52Á 25' 51.80" N 

M3 cultivation + composting + alfalfa seeding 82 m2 18Á 10' 26.22" E, 52Á 25' 51.77" N 

 

Fig. 22. Three experimental plots that will be subjected to monitoring of soil parameters and plant growth. 

The field works on the experimental plots will include cultivation, composting and sampling in late autumn 

seasons, and cultivation, alfalfa seeding and sampling in early spring seasons. Sampling will be optimized to 

be representative for average soil parameters of experimental plots. 

Therefore, the planned experimental monitoring will include several soil sampling campaigns in order to test 

the impact of compost application and alfalfa seeding on soil parameters: 

Á Autumn 2024: soil sampling, cultivation, composting 

Á Spring 2025: soil sampling, cultivation, alfalfa seeding 

Á Autumn 2025: soil sampling, cultivation, composting 

Á Spring 2026: soil sampling, cultivation, alfalfa seeding. 

Taking into account the goal of this study, the key monitored soil properties will include physicochemical 

analyses and organic matter quantification and qualification. Specific parameters will include: 
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Á Texture (sand/silt/clay ratio) 

Á pH water 

Á Soil organic and inorganic carbon 

Á Carbon labile and recalcitrant indexes 

Á Total organic matter 

Á Total nitrogen 

Á Carbon/Nitrogen ratio 

Á Total carbonates and CaO 

Á Available phosphorus 

Á Cation Exchangeable Capacity 

Á Oligoelements: Fe, Cu, Zn, Mn and B extracted with EDTA 

Additionally, the monitoring at the experimental plots will include testing of soil microbial respiration both basal 

and substrate-induced, as well as enzymatic activities related to the carbon, nitrogen, phosphorus, and sulfur 

cycles, and functional genetic diversity. 

The trial monitoring will also include visual (in-situ) assessment of alfalfa growth as well as spectral assessment 

of alfalfa growth using UAV with multispectral camera during summer seasons. 

н [ŀǊƎŜπǎŎŀƭŜ ǘǊƛŀƭ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳƳŜ ƻŦ ǊŜŎƭŀƳŀǝƻƴ ǇǊƻƎǊŜǎǎ ƻƴ ǘƘŜ ǎŜƭŜŎǘŜŘ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀƭ ŘǳƳǇƛƴƎ ƎǊƻǳƴŘΣ 

ŀƛƳƛƴƎ ŦƻǊ ƭƻƴƎπǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǊŜŎƭŀƳŀǝƻƴ ǇǊƻƎǊŜǎǎ ŀƴŘ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǇƭŀŎŜǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ŀŘŘƛǝƻƴŀƭ ŀŎǝƻƴǎΦ 

The main goal of this study is to demonstrate the usefulness of employing spaceborne spectral data for large-

scale and long-term monitoring of reclamation/rehabilitation progress, in order to pinpoint places that 

potentially require further attention and action. The area subjected to monitoring is presented below (Fig. 23). 

 

Fig. 23. Internal dumping ground currently undergoing reclamation,  

subjected for pilot long-term spaceborne monitoring. 
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A dense time-series of Sentinel-2 imagery will be applied in order to calculate spectral indices such as: 

Á NDVI (Normalized Difference Vegetation Index) 

Á NDWI (Normalized Difference Water Index) 

For this trial spaceborne monitoring, the time series will include all the available imagery starting from early 

spring 2025 until summer 2026, with cloud and snow cover thresholds applied. The archival imagery starting 

from spring 2024 will be potentially applied as well. 

Sentinel-2 key characteristics are considered sufficient for long-term reclamation monitoring: 

Á multispectral sensor with 13 spectral bands 

Á spatial resolution: 10m 

Á spectral range: 443 ï 2190 nm 

Á revisit time: 5 days. 

3.4.3. Preliminary Results 

Regarding small-scale trial monitoring programme at J·Ŧwin II B post-mining area, the experimental plot was 

sampled in November 2024 and the results of soil laboratory tests are awaited. The UAV flight for the initial 

assessment of vegetation cover on the experimental plot was conducted. An exemplary result of vegetation 

cover assessment, for the projectsô initial stage is presented on the figure below (Fig. 24).    

 

Fig. 24. An exemplary NDVI result from May 8th, 2024, before the commencement of trial monitoring programme.  

More reddish colour suggests the bare and moisture soil, while more greenish colour suggest  

presence of vegetation from natural succession. 

Regarding large-scale trial monitoring programme at J·Ŧwin II B post-mining area, a single Sentinel-2 L2A 

product was used to assess the initial state of the internal dumping ground. Figure below (Fig. 25) presents 
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the exemplary NDVI result, that was used to assess the initial stage of the environment degradation at May 

14th, 2024, before the commencement of pilot monitoring programme. 

 

Fig. 25. An exemplary NDVI result, before the commencement of trial monitoring programme.  

More reddish colour suggests the accumulated surface water. More greenish colour suggest  

revegetated area under biological rehabilitation. 

Additionally, the soil microbial respiration was measured at the three experimental plots and at the compost 

used for reclamation (Table 24):  

Table 24. Microbial respiration. 

Sample 
Basal microbial respiration 

(Õg CO2-C /g dry soil/ h) 

Potential microbial respiration (substrate 

induced) (Õg CO2-C /g dry soil/ h) 

M1 soil 0.58 Ñ 0.08 0.75 Ñ 0.01 

M2 soil 0.66 Ñ 0.05 0.79 Ñ 0.05 

M3 soil 0.78 Ñ 0.25 0.79 Ñ 0.02 

Compost 3.66 Ñ 0.12 4.55 Ñ 0.54 

3.4.4. Conclusion   

At the study site in Konin, Poland, the monitoring plan concerns two trial monitoring activities at the internal 

dumping ground of J·Ŧwin II B lignite opencast post-mining area. The established experimental plot will serve 

small-scale monitoring of soil ecological rehabilitation by composting and alfalfa seeding. Monitoring will 

include in-situ soil sampling and laboratory testing, as well as UAV measurements. Additionally, the large-scale 

satellite-based trial monitoring will be employed for a larger part of the internal dumping ground. The pilot 

monitoring activities will last until summer 2026. 
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3.5. Radovesice-StƎimice spoil heap complex - Czech Republic 

3.5.1. Site presentation 

The research carried out within the REECOL project is carried out in the Most Basin area, which is the largest 

coal deposit and at the same time the largest reclaimed area of the Czech Republic.  

Based on the WP3 solution, the Radovesice/StŚimice dump complex was selected as the main case area. From 

the point of view of geology and pedology, most of the soil types of the Most Basin are represented here, 

reclamation additives were significantly applied here and the most significant areas left to natural succession are 

located here1. 6 long-term monitored experimental plots were established on these dumps. There are 4 areas on 

the Radovesice dump (2 reclaimed, 2 left to natural succession) and 2 areas on the StŚimice dump (1 reclaimed, 

1 left to natural succession).  

The Radovesice spoil heap has an elongated shape from southeast to northwest and its territory belongs to 

the highlands of the Bohemian Central Mountains. It is the largest dump in the Most Basin. Local marls were 

used as a melioration additive due to their reserves, importance and unfavourable character of the soils being 

filled. Marls form the geological surface of the erosion valley in the bedrock of the dump, so they were easily 

accessible and cheap [5]. The reclamation properties of marls are worse than those of bentonites, the application 

methodology was gradually modified based on VĐHU research.  4 experimental plots were established on this 

spoil heap.  

The StŚimice spoil heap is located east of Most. It was created in 1959 - 1973. Due to the extremely phytotoxic 

properties of the upper horizon of the spoil heap, the original forest melioration practically died out. At the same 

time, significant erosion phenomena were manifested. Bentonite from the Red Hill quarry was used for 

reclamation. Reclamation began in 1984. The layer of applied bentonite soil was set at 50 cm.  In 1988, 

agricultural reclamation began on the top of the spoil heap with a total area of 89 ha [4]. 3 experimental plots 

were established on this spoil heap. 

In addition to this main case area, two other smaller areas were identified that present specific problems of 

reclamation of Most Basin sediments. These are the areas ñCSA Mine slopesò and ñLibouġ Mine internal dumpò.  

The first of them is the "CSA Mine - slopes" area. The area situated on a relatively steep slope is geologically 

composed mainly of soils from the coal seam outcrop and kaolinized gneiss bedrock. The predominant soil type 

in the upper horizon of the site is therefore a mixture of coal clays and coal mass, which in extreme places turns 

into a mixture of coal mass and weathered pyrite. It is a phytotoxic soil, completely unsuitable for reclamation. 

The second most abundant soil type is the underlying completely kaolinized gneiss. This soil is practically sterile 

and also completely unsuitable for reclamation. The area of interest is located at the foot of the slopes of the Ore 

Mountains, so its other reclamation problem is contamination with risky trace elements (primarily arsenic). This 

is probably the area with the highest degree of degradation in the Most Basin. Research into the possibilities of 

effective reclamation of such extremely damaged areas can be carried out here. 1 experimental plot was 

established on this spoil heap. 

The second of them is the area ñLibouġ Mine internal dumpò. The area is located on the flat top of the internal 

dump of the Libouġ open pit mine. Geologically, it is mainly composed of brown overlying clays. It is a well-usable 

land for reclamation. Forestry reclamation is planned here. Most of the pedological properties of the soils are 

satisfactory, but the area is threatened by the occurrence of crystalline gypsum. This causes a strongly alkaline 

soil pH reaction. This is the only area of the Most Basin contaminated with salinity (natural gypsum) so far [6]. 

Research into the possibilities of effective reclamation of this type of areas can be carried out here. 1 experimental 

plot was established on this spoil heap. 

 

 
1 HENDRYCHOVĆ M.: Reclamation success in post mining landscapes in the Czech Republic: a review of 

pedological and biological studies. Journal of Landscape Studies 1:63-78, 2008 
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3.5.2. Design of the monitoring plan 

During this initial assessment, VUHU focused on evaluating the soil properties of the investigated soils. The 

aim was to evaluate the development of successional areas of different ages, evaluate areas with the 

application of various reclamation soils (marl, bentonites), evaluate extremely phytotoxic areas before 

reclamation, and evaluate areas affected by salinisation. 

For these purposes, individual experimental plots were selected, which are characterized in the Table 25. 

Table 25. Characteristics of experimental plots. 

ID Plot types Dimension Slope 

1 Old succession area development 40m x 40m < 5Á  

2 Young succession area development 40m x 40m < 5Á  

3 Area designated for future recreational use 50m x 50m < 5Á  

4 Technical reclamation, marl application 40m x 40m < 5Á  

5 Old succession area development, phytotoxic soils 40m x 40m < 5Á  

6 Old succession area development, extreme phytotoxic soils 30m x 30m < 5Á  

7 Technical reclamation, bentonite application 50m x 50m < 5Á  

8 Before reclamation, extreme phytotoxic soils, pollutants contamination 60m x 30m 15Á - 25Á 

9 After technical reclamation, salinisation of soils 40m x 40m < 5Á 

Sampling methodology 

In 2024, the collection and analysis of characteristic samples from individual sites of the case study area took 

place. Soil samples are taken from the exposed wall of the test pit and only from horizons that are 

macroscopically different (granularity, colour). The amount of soil taken for one sample is 1 - 1.5 kg, in the 

case of gravel representation in the soil above 20%, it increases to 3 - 5 kg. The sampling points are recorded 

in the working map. Photo documentation is always carried out during sampling. The sampling interval was 

always 0-0.6 m (succession or future forestry reclamation) or 0 ï 0,2m (future agricultural reclamation). Each 

analytical sample is a mixed sample of 6 sub-samples. The geological description of the individual samples, 

their location and the results of laboratory analyses are given in the deliverable 3.4. 

 Future sampling design 

The next (bio)indicators or parameters of soil (according to and with the help of project partners ï see chapter 

No 4.3.2) will be measured on each study plots 2 times. In the late spring after application of rehabilitation 

action, that is plan on the beginning of the vegetation season in 2025 year. And in the late spring in 2026 year.  

To measure sustainability of developed ecosystems following large scale indicators will be monitored: 

Á Normalized difference vegetation index 

Á Normalized Difference Moisture Index 

Á Land surface temperature 

3.5.3. Preliminary Results 

In 2024, the collection and analysis of characteristic samples from individual sites of the case study area took 

place. Soil samples are taken from the exposed wall of the test pit and only from horizons that are 

macroscopically different (granularity, colour). The amount of soil taken for one sample is 1 - 1.5 kg, in the 

case of gravel representation in the soil above 20%, it increases to 3 - 5 kg. The sampling points are recorded 

in the working map. Photo documentation is always carried out during sampling. The sampling interval was 

always 0-0.6 m (succession or future forestry reclamation) or 0 ï 0,2m (future agricultural reclamation).  Each 

analytical sample is a mixed sample of 6 sub-samples. In this chapter, the geological description of the 
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individual samples, their location and the results of laboratory analyses are given. Sampling realised in 2024 

is shown below (Table 26). 

Table 26. Sample number, location and geological description (2024). 

No. of sample locality Geological description 

1 
Radovesice XVIIA  
(succession) 

Brown clay, dusty, with numerous plant roots 

2 
Radovesice XVIIB  
(succession) 

Brown clay, dusty, with numerous plant roots 

3 
Radovesice I  
(old reclamation) 

Brown clay, slightly dusty, with fragments of marl 
and numerous plant roots 

4 
Radovesice VI  
(new reclamation) 

Brown clay, slightly dusty, with fragments of 
saliva and numerous plant roots 

5 
StŚimice I  
(succession) 

Grey, sandy clay, with fragments of siderite and 
numerous fragments of coal matter 

6 
StŚimice I  

(succession, phytotoxic area) 
Grey, sandy clay, with fragments of siderite and 
very numerous fragments of coal matter 

7 
StŚimice II  

(old reclamation) 
Brown clay, plastic, with bentonite admixture, 

with numerous plant roots 

8 
CSA mine slopes  

(before reclamation, phytotoxic area) 
Grey-black clay, dusty, coal, with very abundant 

coal mass and admixture of kaolinite 

9 
Libous mine-internal spoil heap 
(technical reclamation) 

Brown clay, plastic, with numerous plant roots 

 

Selected VUHU analyses were carried out on the samples taken (see the following text). At the same time, 

samples are ready to be sent to partner laboratories. Selected collection points are shown in the following 

figures (  

Fig. 26, Fig. 27, Fig. 28, Fig. 29, Fig. 30, Fig. 31) and summarized in a table (Table 27). The results of analyses 

are presented in tables 28-32  

  

Fig. 26. Location of experimental plots. 
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Table 27. Location of experimental plots. 

Map point Name Experimental plots ID 

A Radovesice 1, 2, 3, 4 

B StŚimice area 5, 6, 7 

C CSA mine slopes 8 

D Libous mine 9 

 
 

 

Fig. 27. Area of sample 1 ï Radovesice XVIIA (old succession). 

 

Fig. 28. Area of sample 4- Radovesice VI ï reclamation (marl application). 



                                   
Deliverable 5.2  |  Page 38 

  

 

  

 

Co-funded by the European Union. Views and opinions expressed are however 

those of the author(s) only and do not necessarily reflect those of the European 
Union or European Research Executive Agency. Neither the European Union nor 

the granting authority can be held responsible for them.  
 

 

Fig. 29. Area of sample 5- StŚimice I ï old succession, phytotoxic area. 

 

Fig. 30. Area of sample 8 ï CSA mine slopes, before reclamation, extreme phytotoxic area. 














































