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1.Ilntroducti on

REECOL activities aim for ams$ngnigfiecahtogi mptovemami | ot

posni ning areas. The industripailt aacnd vundye ragsrsocown datceoda Iwini
irreversible envi rmmabmnelnittadt icohna nigresal vRees repair actions
| evel of ecosystem processes on degraded sites and sus
replicating the biodiversity and intkRagrithi ofr @aasnan,i ve
approach -amadsewmelilndi cators are essenti al for the eval
degr aderdi mpiorsdg Aarseiansp.l e comparison of the structure and
ecosyswietmhs t he reference conditions is insufficient.
The aim of task 5.2 is -tteor mdenvoenliotpor s mgr teiodiudd beeglf @gi
rehabilitation activities. I'n the deliverable from t ac
functions and proce&€hgems (Waiso )pirrecsiemadtear.s will be tested
in Task 3. 4. tlars kt tbe 2f rbaomhéh dfhe effectiveness of newly d
|l and degraded by mining (WP4), and thseorr d=xulvtisngoft het d
spontaneous successional processes wil/l be evaluated.
monitoring plan and an initial assessment of site stud
2.General assumptions and objectives of +th
Within the framework of taskaRdxpertihpledtag/le oiwéeeg sabkecseé:

Pt ol emais | igni+aea emisned riem d§r aeeccd ai med and areas to b

and forest | and uses;

Amynthioni tien mbméedseearea surrounding the pit | ake alre

Jankowice P-gnoc hhheapc ®ahamédoki wadt part of the heap
J-Ffwin klasB tmpgmiitei APohbaadnainteéwmmded for agr;icultural [

RadoveSstiSkiemi ce spoi l heap camplasx | el tC2 @ecoomaRep albl isawcce
Vel enje miningitaharae ai o fSlsauuvwesnideence between | akes, whe
by prel tegyrtahae

Mazi ngar bFeidimee coal mine settling basin and the former

managed reclamation efforts.

Shotrdrm moni t ot hdeagt ap rtoovtidoesasli mane el i at e success of ecol ogi c.

that will be rehabilitateWPas(iMagzinegasbeéuitnokRsadeeel dDprk
heagpnd J: - TwiewnncldstB loi gniPb&middineenj e mining area in Sloven
parall el with areas not subject to r ewiltalman é foer earcdad ve ¢ o
Each trial pl ot wild.l beacdi wiudbéed ai ctoonp b BY €®voialodd & Mmploanse 8
coll ec#2dd cant d@&pt h. Soils wil,andemegenededn Bot ee d &l men)
based on identifying degradation, at erpmcmdnict driisrtg ovi lilnd

for -npiorsitng areas alsieagytameakr dsmeeét hloidgni( tAenymit mé ® ni n Gr e

Lontger m monitoring solutions focus on measuring the sust
|l ocat edmoni pgsareas |l eft to natur atla sk c(cRaS Semiwi @ |s pboei lu
complex in Cz@rc he Reeruibme rct) al plots, the percentage of t
be determineati Méef noma wi |I-19 &lasnp | ke if d ®mitoiafcideedgnti H8l o fb e
fr

om each area, to evalodteienil health and habitat <co
Longerm monitoring also includes the use of sdtaedgdedlte da
rehabilitation progress assessment. Based on remote dat
analysed on ditfifoelr scthermesl.ammhe spatial and temporal tre
trial application of this monitoring will be carried ou
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3.Monitoring plan for study sites

3.1Ptol emai s I|0iGgreietce mi nes

3.18S1te presentation

The Ptolemais |lignite mines are a complex of surface mi
and SoudDRrlIFivelrédbl e 3. 4). | t2wcbhhensthe BnearofiméAaBakmPer
in the Kozani Province of Western Macedoni a. Public Pc
Pt ol emais region in 1957. The two mines still in operat:

The sel ected imocnliutdoersi nagr esaist e hat have already been recl a
and some heavael ubagteendr der t o hosbvéeutogeahahdihes & c204r 3 2ar

of the orchard, which covers an area of 70 ha in the rei
arabl e and forfesrncdaardaf,fisndcatt hed an fiorchar dbi, ). whdhe fr
fencedr ofdrd area extends 6 ha and includes nine types,

grapevine. Cereal cultivation is F¢t@nrdugc.Fied)..i nThameadjrac
deformation ty¥pesréeplaheiageprocedure was carried out on
mining materials (excavations) and was wunsuitable for o
and is considered a resipliaemtti nsgp ewiitehs .a cCaocnisae qwiaesn tnl oyt, a cer
the previous planting. The reclaimed | ands in this area
carried out 2 or 3 years after thel@mmapars@&ti on of the a

2,421,000 2,421,600 2,422,200 2,422,800 2,423,400

4,937,000
4,937,000

4,936,300
4,936,300

4,935,600

4,934,900
4,934,900

[ Monitoring area

Reclamation Types
[ | ARABLE LAND
FOREST
W[ | ORCHARD

-

2,42‘; ,000 2,421,600 2,422,200 2,422,800

4,934,200
4,934,200

Fi gThe reclaimed | and types in the broader or
and the selected sampling points within the n
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Fi 8The fenced off area of the orchard with the

Fi 88Apple trees in. the orchard area

Fi g Apple trees in. the orchard area
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3.1D2si gtnhmowfni t oring pl an

The main purpose of the planned monitoring of the broa

already reclaimed soils and assess the effectiveness of
conditions f omattihoen faucttuirvei trieecsl.a Sampl es were coll ected i
were transferred to the | aboratomnygi cat ormrsdeand oc amhiiemani
physicochemical soil properties.

In the framework of the rehabilitation procedur e, PPC
reclamation to assess the suitability of the reclamatio
soil s. The amweatorerxgstwpilmem includes physicochemical an
mi crobiol ogi cal parameters of selected sampling points

depends on the needs of mphbkeopéadntatseheactedvsampbingtpo
three different-36 ammslOi 3@ derpdt d6sQ: 0
The following |lhdwe abtmglyo yaenda:l yses

AAvailable forms (di et hyDTemA)t rafatndrn empieort carawtertii eentacdxdt r a
the potential soil availability of ¢€d, Co, Cr, Cu, Fe,

AAl ternative Cations (Ca2+, ESP, K+, Mg2+, Na+, Cation
ANutritional ingredients (Corg, avai loabjlaeniR, sawssitlaahclees
AMechanical Parameters (-ogamtneurdto mern rsan c,0 mploasyi,t isoinl t)

ATot al quantities with royal water (Cd, Co, Cr, Cu, Fe,
APhysicochemi cal spreolpeeattriiecs o(cCmduxti vity E, and Ph satu

Lontger m monitoring

Lontger m moni ttohreientgpabof it ated regions in t he aPisbolielmai s
bi oi ndiictag @rati on to provide a appmpaehernfwsirveasasmdssngl
ecosysterfrilgelanttengr(athansgge dNDiVidi ces with soil bioindicator
understanding ecosystemrbealdt vehet &t h&anhgnywmradnvesi It op bed
NDVI indices, such as overaand preldatcitve it gngannuafl ematxi
phenol ogi cal changes, which are directly influenced by
and organic matter. Hi gher annual NDVI val nesrriiiecntti c at
bi ologically active soils, while variability in NDVI may
as the timuipgawond@ beeenhh of the growing season, depend ¢
nutrivertl adility. These connections enabégetaatd @mp rienhteenrs
providing valuable insights for monitoring agricultural
Combining NDVI and ssoifleshdaricnhdeircscatanmd laandwmanagers to
resilience and sustainability across tempor al and spati .

Fi 8 Ptolemais area20%4) yeaaer 862RDVI-O¢bo.béthe period
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Monitoring plan in the REECOL project
The monitoring plan focase-sebabtththktad fooe, aarasercha
an acacia forest. I n these areas, several plots are de
subdivided into thFee tbhisrpat pomamipttlecstf gsl efEaviel)reg
Tabl.Pl ot definition.
Ar e a Pl ot Sufl ot Recl amati on Ccographl el o
(cenpoiaht; WGS
Contr o N:40,§«28'40.6:
E21A45'" 30. 04
Contr ContlroSoil without N:40,§«28'40.6£
or plganti E21A45" 31. 1§
Contro NA0628'40.7E
Non E21A45" 30. 0¢
rehabd ]l St oar t NAOA29'3.80
E21A45' 33. 5¢
Soil cove N:40A29' 3.68
Star) Start with aoahklbdé E21A45' 34. 6
St art N:40529'3.42_
E21A45"' 36. 5
ARl e N:40A29'4.03_
E21A45' 28. 9
App | Appl e Soi l With_a NAOA29'2.81
pl antatio E21A45' 29 . 9¥§
Appl e NAOAZQ'O.QQ
Or chat E21A45'31.1]
Cherry NAOA28'54.21
E21A45"'" 32. 0(
Chern ShEr Soil with ¢ N:4o,§28'52.2z
pl antatio E21A45"' 31. 7¢
Sher N:40,§28'52.6z
E21A45' 30. 41
Barl ey N:40A29'3.85
E21A45"' 21. 33
Nor t . . N40A29"' 3.77
Barl ey Soil bawartbhby p E21A45' 23 0
Bar | ey N:4of&29'3.66’
Cereal E21A45'25.0\
Barl ey NAOA28'59.91
Sout E21A45'21.3]
Barl ey Soi l with ba N:40A28I59'8E
E21A45' 23. 24
Barl ey N:40,§28'59.8:
E21A45' 23. 6¢
Acacia N:4of&29'4.15
E21A45"'" 13. 3¢
. Acaci . . . N:40A29'3.07
Acaci a Acaci dSoi l with ac E21A45"' 12 6
Acaci a N:40529'1.63
E21A45" 11. 34
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Acacia 1 Boy 2

Acacia3 .~ E g Bariey 2Barley 3
¥ Acacia 2, i S

Barley 4 Barley 6

Chetry2 ™
land_chunks n

Ch 1
Plot L

B Cereals

[] Forest

[ ] Non-rehabilitated
[] Orchard

100

Fi g Map of the monitoring plot in the Ptol ema:

3.1P3eliminary Results

I n the moni Fo6,i nnganayr esaanopfl i ng poi naschavdetmégeadimomemsnt ied
parameters through the years. Of them, seven character .|
campaigns of 2024 and 2023. More specifically, the sar
samples 5, 6cahdent @®28. The results of the | ablox atory

Tab2®icronudDTRAN(tusNi ts i n ppm).

SN;%L Cd | Co| Cr | Cu| Fe  Mn | Ni | Pb | zn
1 | 0.0 0.1 0.001.04 26.|11.€¢ 1.6 0 0.8
> 0.0/ 0.0 0.000.825.(¢5.1 1.5 0.3 1.0
3 0,0(0.030.00 0.2 48. 0.5 2.0 0 0.5
4 | 0,0 0,010.000.6 8.0 15.€6 0.9 1.0¢ 0.8
5 0.0/ 0.07 0.0/1.6 90.€¢ 4.0 1.9 0 4.7
6 0.0/ 0.0€60.000.7 58.: 2.4 0 0.8
7 0.010.01 0.0{0.820.€¢ 1.2 0.6 0.3 0.3
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TabBAl ternative Cations.

No o f Ca2z2+ Esp K+ Mg 2 + Na + Catio_n Exc
samp| ( me/ 10 (me/ 10| (me/ 10| Capacity (1
1 18, 47 1.89 - 659. 6 0. 42 22.25
2 17,83 2.65 - 465. 6 0. 42 15. 95
3 12,31 2.76 - 327. 3 0.37 13.56
4 16, 83 2. 42 - 215 0. 31 12.87
5 69. 82 1.18 1.06 3.98 0. 33 28. 09
6 96. 51 2.69 O0.57 3.10 0. 45 18.614
7 83. 35 3.18 0.56¢6 2.62 0. 43 13.95

Tabdbutritional i ngredients.
Noof | Availa Availg Availag ?H4+ | ?Ba&N Brgani
samp| B(ppm K (pp P (pp| (ppm)| (ppm) Y05t
1 0.28 332.6 14. 9¢9 49. 21 3.82 2.67
2 0.41 197. 3 24 . 47 43.73 4.67 3.52
3 0.29 30. 33 27. 3¢ 53.95 10.6 4. 35
4 0.16 231.6 22.38 46. 36 5.40 1.6
5 0. 68 425. 6 16. 21 35.23 210. ¢ 8.01
6 0.69 229 7.11 29.45 58. 8 7.01
7 0.41 225 4. 64 27.58 71.3 4. 89
Tabbbdechanical parameters.
SNg‘r’nLI sand ( Clay Silt
1 25. 33 49. 33 25. 33
2 34 39. 33 26. 617
3 15. 33 49. 33 35. 33
4 41. 33 32 26. 617
5 24. 67 43. 33 32
6 22 48 30
7 24 44 .67 31. 33
Tab6.&ot al guantities with royal water (units in ppm).
SN;?n];) Cd Co Cr Cu Fe Mn Ni Pb Zn
1 0.0413.176.318.2 15,6 522., 92.011.¢ 18.
2 0.01 6.1y51.613.99463| 243., 59.7 5 7.
3 0.00 0.7 9.6| 2.6 2093 107. 12.30.040.00C¢(
4 0.1015.9125.,24.2 20,9 704.|/178.|16.9427. ¢
5 0.17 4.3]32.8418.46388., 187.| 37.3 4.7 19.
6 0.17 6.2{36.%79712.19947, 315.| 46.0 5.5|12. ¢
7 0. 17 6 52.316.83 1163 272.| 61.0 5.3 12. 3
Research Fund Cefunded by the European Union. Views
for Coal & Stee! those of the author(s) only and do no Co-funded by
Uni on or European Research Executive the European Union
‘ t heranting authority can be held respi




-REECOL Del i vea.abH agl?2

TabV.Physicochemical properties.

No O f CaCO« Ciln%ztcrt o H

sampl (gCasd@0g dr y (mS/ cn
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

I n addition, the first results of the REECOL campaign
mi crobi al respiration, Table 9 for the potenti al enzym
potential enzymdtito abeiwitregehi cyele, Table 11 for t
to the phosphorus cycle and Table 12 fosulpcleucdot.ent i al

Tab8®icrobi al respiration.
Basal mi cr{Potenti al mi cr o
Ar e a Pl ot respirat.i (substrate in
(O6g €O2g dry (6g €O2g dry s
N o Cont 09 oNO .90 2. Np. 87
rehabill star 0. Ko. 10 0. N8. 17
Appl 1. N8. 09 3. ND. 18
Orchar - -
Cher 1. N6. 03 4. Na. 34
Nor t 0. N6. 05 1. ND. 46
Cereal - -
Sout 0. &NO. 03 2. N8. 44
Acacia | Acac 0. NR. 12 2. N8. 20
Tab9.Potential enzymatic actctiyeieies |inked to the carbon
Ar e a I:,IOtNAG(nmoI/.b-Ga(nmql/mi U-GI(JanI/.b-GI(nmoI/n
dry soi soil) dry soi dry soi
Non Cont 0. &N6. 71 0. NB. 05 2. ®2.08 1.4D.86
rehabil star] 0.®0.00 0. ®WO. 00 0. Xp.17/ 7. X2.94
Appl 1. XNa. 99 0. Ngo. 32 2. NOo. 46| 32.1R88. 24
Or c har ~ - = ~
Cher 1. N9. 20 0. ND. 20 2. N1.33| 34.NM%. 78
Nor t 3.N2.01 0. N0o. 24 1. N6. 73] 9. 423. 41
Cereal s ~ ~ = -
Sout 1. N1.54 0. NO@. 07 6. NO. 98 13.M3#. 95
Acacia | Acac 0. ND. 06 0. NB. 21 1. N8.57| 12.K0%. 58
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Table@ePotenti al enzymatic activities linked to the nitro
An Ur e
AT © & Pl ot (nmol /min/ g (nmol/ min/g
Non Contr 04 80 .10 60.1R8. 18
rehabill gstar 0.&8.01 10.R8. 25
Appl € 3. N955 102 .N®7 68
Orchar ~ =
Cherr 3. N9. 514 84.8263. 00
Noh t 2. 0. 04 63.M103. 73
Cereal s — —
Sout 2. NB8. 03 78.N06. 43
Acadioa e Acaci 1. 3N98. 05 68.MK126. 09
Tabl®Potenti al enzymatic activities lIlinked to the phosp
PAc Phos Pak
Al B Plot (nmol / min/g(nmol/min/d(nmol/ min/
NoN Contr 10.18%8. 48 39.M0183. 37 38.8m. 41
rehabil Star t 4. N9 . 69 7.%N1.81 7. HN2. 64
Appl € 29.R%®. 40 51.1880. 33 81.M124. 15
Orchar — — —
Cherr 27 .09%. 57 46.1852. 81 84 . M9. 33
Nor t h 12.8120. 77 36.N43. 18 42.07%. 02
Cereal s ~ - <
Sout h 17.815. 57 58.N24. 05 51.N&. 03
Acaci a Acaci 16.R2. 58 31.872.50 39.N%. 90
Tabl2Potenti al enzymatic activities lIlinked to the sul fu
Ar e a Pl ot| Arénmol / min/g
N o Contr 0.01 N 0.0
rehabil Star 1.21 N 1.7
Appl ¢ 0.57 N 0. 2
Orchar =
Cherr 0.69 N 1.4
Nortf 0.24 N 0.4
Cereal s —
Sout 0.76. N6
Acaci a Acaci 0.09 N o0.d(
3.1Chnclusion
In the Ptol emais orchard area, seven sampling points
characteristics of the soils that already rheapree sleanntd ause
already reclaimed with arable | and, forest | and and the
mi cronutrient concentration, t he mechani cal propertie:
properti esanadsyswesl If oaes determining the soil s carbonate
The devel oped monitoring plan will allow a detailed sen
the most important factorrescllamattiionng achtei veiftfieecst.i viemee ssse |o¢
Research Fund Cefunded by the European Union. Views
for Coal & Stee those of the author(s) only and do no Co-funded by
Union or European Research Executive the European Union
‘ t heranting authority can be held respi




-REECOL Del i v ei.alpA aegle4s

compare the results of the planned monitoring with hist
procedure and data obtained from satellite observation

3.2mynt ai on |dQrneietcee mi nes

3.2S1te presentation

The Amyntaion |ignite mines are in Florina Prefecture i
of 612@8Belkimver abl e 3. 4)(.wiTthhei nmotnhiet erreldo gpaosl eytigeoinn) t he i nsi
of the Amyndaveminmgnea of a p. pdn @axnidnaast edlyr eBaOdy bdbae r ecl
reclamation that has taken place in the are@a)ianthegrade
areas configured appropriately to host future |l and wuse
(Fi®.The cultivatploam&aosd beeomadewvwel oped since 2020 and inc
46 ha)s000 K T4hean)ddD 00 r(ocBRbaang 12, 00Rh=EEdg @ Fi §)..

2,408,000 2,408,400 2,408,800 2,409,200 2,409,600

4,931,500
4,931,500

4,931,000
4,931,000

=}
=)
9,
=]
@
@
<+

4,930,500

4,930,000
4,930,000

® Sampling points 2020/
O  Sampling points 2022|}.

E Monitoring area

Aromatic Plants (Kind)|

[ ROSEMARY

LAVENDER
OREGANO

o
=]
"
@
o
o
+

4,929,500

4,929,000
4,929,000

L

T T - n
2,408,000 2,408,400 2,408,800 2,409,200 2,409,600

Fi gdThe area of aromatic plants and the selected sampl
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Fi 8The aromatic plants area

3.2D2sidgmmeofitoring plan

The main purpose of the planned monitoring of the broa
already reclaimed soils and assess the effectiveness o
soil conditionsmdtoirorn hactfiudiutrieeg.ecl a

Sampl es willl be collected tirmnz0t2o5 rtthye BRRGOM raand rwi liln boe
mi crob-iatli babors and combine them with the physicochem
In the framework of the rehabilitation procedure, PPC
reclamation to assess the suitability of the recl amat
recl aimed soils. niohne tame aa'gs perxinstiinncg udes physicochemi
mechani cal and microbiological parameters of selected
not systemati c, but it depends on tnhpel onyeeedd si no fs etl heec t pelde

points in a defined grid and30 hcrmgeéd 3ddimf faBddeattd. sampl i ng

The following | @aahoratbeaphogedl yses
AAvailable forms (diethylDeTnPeAt)r i aafntienre p@mint maeieit o it e mice d u

estimate the potential soil availability of Cd, Co, (
AAlternative Cations (Ca2+, ESP, K+, Mg2+, Na+, Cation
ANutritional ingredients (Corg, avas |l aoblgeanB,c swaislt alnlce
AMechanical Parameters (goanenomémnrisandompdsiyti esnl t)
AMi crobi ol ogical Parameters (alkaline phosphate, dehyc
nitrogen, microbiological carbon, urea.

ATotal quantities with royal water (Cd, Co, Cr, Cu, Fe
APhysicochemical s3prebectikes ¢€a€@®ctivity E, and Ph sat

Lontger m monitoring

Aromatic plants play a critical role in ecosystems, and
and vegetation dynamics, making them an excel(Fegt. case
NDvVdan provide-lavieanpeecaspecti ve on the health and prod:
the | ong term, identifying areas of dynamic growth or
bi oindicators, sucls,aenmiyeaobicalachi ema vy, and soil res,|
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process
mi crobi
in high
l eading
soi l bi
agricul
effecti

Fi

es that sustain these plants, such as nutrient
al communities and optimized organic matter dec
er NDVI valruesso.i |ICoorrv edresgerlayd,atpiooon stress can resu
to reduced NDVI and diminished yield or qualit
oindicators, stakehol ders cahncepfaptieelbogy mbeaim:
tur al practices, and assess restoration out come

ve and scal able manner.

g Amyntaion ar ea:>202wo) yaevaerr a(g2e0 2DV I-O¢ bo.bé¢he peri od

3.2P3eliminary Results

I n the
par amet
charact

mo n io tFd rgimagn ya rseaamp | i ng points have been measured
ers through the years. Of them, the most recent
eristic sampling points werke nsdlne 2t0e2d,, afn dw i, ddh

taken in 2022. The results of thel3l@aboratory tests are

Tabl&Mi cronuDTRAN(tsg/ kg) .

Noof ' ¢y | co| cr| cul| Fe | Mn | Ni Pb | Zn

samp
1 0.0 0.4/0.0 2.3148.| 5.6/ 3.1] 0.3 1.9
2 0.0{/0.3/ 0.044.8/118.|/ 3.6/ 6.2( 0.6] 2.8
3 0.0! 1 0.0] 5.8/ 158.] 4.4/, 5.8 0.7 1.6
4 0.0 1.80.0¢§ 4.2/583./18. 8.6( 0.9 5.8
5 0.0/0.0¢$0.0¢1.8/{189./5.1| 2.2y 0.1} 2.0
6 0.0 0.0/ 0.0/ 2.4/ 23.75.0/ 1.5y 0.5 0.9
7 0.0/1.9, 0.0/ 2.6/341.| 5.8 5.3 0.3] 2.0
8 0o,0;0,0¢0,070,5% 8,3 3,0 0,680,290, 11
9 0,0;0,0]0,070,6¢« 9,7{3,6/0,470,330, 0°¢

Research Fund
for Coal & Steel

Ceofunded by the European Union. Vi ews
those of the author(s) only and do no Co-funded by
Uni on or European Research Executive the European Union

t heranting authority can be held resp:



s REECOL

Del i veb.alhA aegl?

Tabl4Al ternati ve

Cations.

Caz2+ K+ Mg 2 + Na + Cation EX
Noof sanm (mg/ kg ESP| (mg/ kg (mg/ kg (mg/ kg Cap ac(intgy k
me/ 100 me/ 100 me/ 100 me/ 100 me/ 100qgr
1 (me/ 1 33 0.6 0.11 5.25 0.33 50. 12
2 (mg/ k 10, 45 1. 4 90. 33 1222 202. 5 63.45
3(me/ 10( 56.870. 2 0.12 8. 33 0.12 47 .82
4 (mgl/ k 10,91 2. 2 108. 1 659.1 157. 3 60. 98
5 (mg/ k 8258.]12.0 132.0 736. 4 226. 9 48.68
6 (mg/ k 6892.| 3.4 205. 4 2124. 435.9 54. 37
7 (mel/ 1l 46.93 0. 6 0.14 7.63 0.21 34. 77
8( me/ 10 25.5 4 0.2 2 2.3 0. 07 19. 3
9 (me/ 1l 24 7 0214 1.1 0.13 19. 95
Tabl®Nutritional I ngredients.
Noof san Avail ak Avail at ?2H4+ ?B AN Brgani c
(mg/ kg (mg/ kg (mg/ kil (mg/ kl substanc
1 0.89 21.17 7.17 38.0 6. 37
2 0. 25 11.08 190. 134. 6 9. 23
3 0. 95 18. 83 10. 2 27.6 6. 23
4 0.50 34.11| 240.9§ 83.9 13. 28
5 0. 27 34.81] 102.9 45.9 10. 3
6 0. 47 5.08 145. 48. 4 0.7
7 1.11 9 13.0 24 .2 6.5
8 0, 6 4, 7 14, 69 1,1 0, 62
9 0, 72 , 9 8,9 0,9 0, 62
TableéeMechani cal parameters.
Noof sam Sand (| Clay ( Si |t
1 66 12.67 21. 33
2 56. 33 18 25. 67
3 6 4 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 4 4 18 38
Research Fund Cefunded by the European Union. Views
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Tabl®&Total quantities with royal water (units in mg/kg).
Noof s a Cd Co Cr Cu Fe Mn N i Pb Zn

1 0.0¢{ 8.57 44.% 24.711,60280.| 47,0 7.07 18.

2 0.3418.7107.| 16.!'18,98297.|/80.8 5.6% 58.

3 0.11 7.4 49.% 29.110,41 161 42.7 7.3| 20.

4 1.4 11.¢30.0 31.1913,88203.|36.0 7. 44 .5

5 1.0Y 6.4, 47.1317.99,38¢(295./ 43.3 2.4¢(26.9

6 1.1%Y17.6 95.933.717,20346./138.]13.362.79

7 0.0 9.9/ 62.842.3 11, 7(193.|46.9 9.3 23.17

8 0.071 12.17119.] 21. 11, 9 360 161, 13.

9 0.2¢ 9.6 61 15. 7 5443 271. 70 6. 4| 25.
Tabl@Vi crobi ol ogi cal Parameters.

No o f Al kal'i ne p D:thiy(:mrgc M; cctrio(vbgi/tc;Mi cr 0 b| Mi cr ob Ur ea
Sampl(/T%d-rpyI tV\:eoIh;)gr TPF/kg CQ./ . N%Ig(/;agI C%Igizld(rn;/@yf\f/;i/gl](

wei ght wei ght

2 3.614 -888 15. 45 6481 7 6l 3.3

4 6.23 -888 23.21 51. 854 65. 23 -888

5 20. 16 0.18 25.5 12.9¢ 978 2.4

6 106 -888 787 1296 13086 -888
TablePhysicochemical Properties.

No o f CaCOy El ectric
sampl(gCasfl@0g dr | Conduct(imsi/ tt pH

1 20. 13 2.41 7.33

2 2.67 1.55 7.15

3 19.914 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
3.2CHnclusion
I n the aromatic pl amtneasr,eaniwmnfe Amymptldingn poi nts were s
representative characteristics of the soils which alre
plots represent the main area where thewaramatioc ptl adt
broader area. The | aboratory analyses focused on the
(granul ometric composition), mi crobi ol ogi cal par amet e
determining drhaet esoddmtserctarébnd fertility.
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The developed monitoring plan wild.l allow a detailed s
identifying the most i mportant factors Theniddlngcttihen edf
plots allows to be compare the results of the PRl asned
part of its recdmdnadatomn qbtoxiedaid ef rom satellite observe

3.3ankowice P-Gnoc Hhara®Pot¢@aald mi ne waste

3.38S1te presentation

The P-gnoc Waste Heap covers areass obwdsbheeatmt 5&®fhada hand)

Silesian Coal Basin. The waste from thestodedghbaati har
stantheedt raction in 1916 and i sThsec hweadsutl ee dr of cokr dcd eoss unroet i pnr
conditions f orheplhdamgth gromwtem.t of skeleton parts, | ow cotl
nitrogen, and phospherys|l owusemandigsgdpmogeew. spleei pr o
spontaneous succession are also blocked by the | ow wat
which significant | y ndfafveocoirsa btbhed ifnoartnmact icoom doift i ons. Durir
temperature of the | and exceeds 40 which contributes to
is to cover the area with a |l ayer ofand®i.l substrate and
During WP4, new s omiuntiing sr e colra mahtei opno swi | | b-el Bewit lkld app
| owost techniques for improving soil conditions at the |
waste will bpurupede f(oTfastkhids. 1). The aim of these measur
| odve mandi ng herbaceous speci es, with the ability to co
rehabilitation action is dimdgrntt epdotfeont iaale,aswiwerntd tahdé i grh

vegetation and woody vegetation can reduce this potenti
on the mine waste heaps with el evated ri sk noffawvtohuerranballe p
such areas, due to the supply of oxygen deep into the h

KOMAG, on eaex(pEx4greotal ocated in cl 48 precxiamicthy ptltott he
tests using the developed technol ogy) .f oTrhesotidc hrneonteodgi ya tii

to support the soil remediation process by acceleratincg
by dosiwmgtki §d generated, intpepraantiauppbemanti of§ Waskr 4di
the dry season, based on the results of anmd yfsiemoden e
|l ocated in the soil, cooperating with the measumoinmeg ¢
treatments wil/l be carried out by means of a designed

(Fiy9 cooperating with a GPS sensor and carrying out acH
\ e
4 “fﬁﬁ
AW

=

Fi a0Spraying devi cree mesd ipatrit o nq ftt eesoki no.l 1o.9)y.

Research Fund Cefunded by the European Union. Views
for Coal & Steel those of the author(s) only and do no
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3.3D2sigmmohitoring plan

The main purpose of monitoring is to assess the effec
devel oped in the frame of task 4.1 and task 4. 2. On t h
for testing new rElké afmat pbat met hbdke dedicated to testi
for reveget antiinomgon epRIlaB)n®n (Gh& second pl ot -ctomd atech
r

emedi ation and control of soil parameKe®@MAGwi th the us
Fi ylshows the test plot, subdivided into smaller test p:
wi || be i (ffmb&@Mkent ed
- 60 m _
1
ﬁ<><> 9 o(}%\

P=157 m2

NGIE
40 m

TR
S k.
YT

Fi @1Test plot with planned parcels to test (uwarsikamt.2.9f

TabkR6Operational v arcioannitasc tofs otihe rreonedi ati on technology p

|l ocated in the exper.i mental pl ot (60mx40m)

Parcel N Pl anned works per parcel
1 Noactivities, all owing assessment of spont
' supporti ng edcetriewmictei es ot

Seeanly spraying on the test plot, all owing
2. substrate without -apppborfroe mbasuyraea® addi
throughout the tests.

3. Seeanly spraying-iom dadceitiesn, pwattesr wi l |l be
4 Sprayi ngasfebowoly (obtained i-mapdaskf4o0mm tad
' work will be carried out throughout the te;¢
5 Spraying only bitoavalst4. {obomiimkealdd etsit op | wa
' throughout the tests
6 Spraying only seeds (sel-apaed fnomashki g, 3N
' carried out throughout the tests.
7 Spraying 6séleseedsin tasnk a4d.d3)t iwint hwantuelrc hw
' the tests
8 Sprayi ngyasfebf{obtained in task 4.1), seeds
' ploatpart from this, no additional work wil!/|
9 Sprayi ngas®febfobtained in Task 4.1), seeds
' pl<otn addition water will be sprayed throug
Research Fund Cefunded by the European Union. Views
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All of the work presentperde ppadbroevde, oins tdhees itgersea d ptaa caesl sses s
a fully operational soil remediation technology, compa
of the technol dge eapewomé&nnagl plots wildl be | ocated

reclamation activitiegBimbt yet been carried out

Fi d2Fl at surface of the P-gnoc waste heap on which e

The results of the effectivity of innovative reclamati
surface of P-gnoc wacltamdanteiampmu wher leawneo b eleenx pierrd eretna kad n
3)and with ecosystems of | ow herbal ecosystems devel op:¢

site (exper (Fmerpt al pl ot 4)

Fi d3The reference | owohedbatl epedysnhemati ve soil
The size and | ocation of the experimental pl ots were
monitoring of individual plots using satellite data. |

Banld)Fi 4and Landsat 8(Fb&hd 10 dat a
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Legend

7 Péinoc Waste Heap
T~ Experimantal plot

Sentinel 2 RBG (pixel 10mx10m)

100 200 m
L EE—

FidgdLocation of research ©Peot&niebtehbki backgagand o

Legend

T2 Péinoc Waste Heap

™™ Experimantal plot

LANDSAT 8 BAND 10
LST °C

[4s

L35

100
T 2

Fi d 5Location research plots in the backgroun
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The key chaobhcetachséeéxpsesarmensnttmmapl setdeli@ah2h}r t abl e

Tab?2&Characteristicplofsexperi mental

. . Geographical c
I D Pl otypes Di mensi S|l ope (centraWGBoBa
1 Rehabil i tiateicd a0m x 4 < 5A (5 N5 0A03" 38. 9

succession E: 18A34' 25
N:50A03' 39. 1
E: 18A34"' 23
50A03' 38
18A34' 24
50A03' 38
18A34' 24

2 No4t ontraechta bi | 60m x 4 < 5A (5

3 Waste mater.i 30m x30 < 5A (5
treat ment

4 FET DAEEOUS 2 Bx 20 < 5A (5
communiti ti es (0]

mz m2Z

Taking into account the identified-nfionrinmsg oafr edae garnadd atthi e
pl anned rehabi, itheer i bor acg i wi tli esncl sichal teheodadloht oowi ng |

Soil water holding capacity

Soofganic matter

Soil organic carbon

Ther mol abile carbon

pH water

Totnailt r ogen

Tot al phosphorus:

Phosphorus availability

Cationic exchangeable capacity

Granul ar composition

As content

Sul phant ent

Mi crobi al di versity

Functdowatsi ogp basetddi onal genes

Somicrobi al bi omass

Soil mi cce mbs$ el €O

Enzyme activities |inked to nitrogen cycle

Enzyme atthkedies carbon cycl e

Enzyameti vittesphbepbdrus cycl e

Enzyaeti vitit ewsl Ipdhyudled

FDActyi vit

Leaf chlorophyl!|l concentration

Vegetation Cover I ndex (VCI)

Contribution of plants plant species occurring in und

Contribution of invasive species

The alobve)i ndndayer sochaerma matierwsi ldf bseoinheasexpéer iome retaal
plots A ntitrhees | ate spring after application of rehabil
vegetati om s2e0a2sbonyear. And in the |l ate spring in 2026 vy

To measure sustainability of deviehaodipedtldr sbhsey smtoenmst ofr celdl
Normalized di fference vegetation i ndex
Normalized Difference Moisture I ndex

Land surface temperature
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For the calcul ati dire ocfadbtalhdddde &€ amrdihc aotboarest btacke Eloa st @mp ar al
resolaft i enfit daeh si sabddap It dreddcaatB édsay Avail able satelli

collected and analyzed during the growing season in 20
Due to the fact that the available resolution of satel
requiring additional action, whicohtiagtt he meudbjagdtonanacg
flights willsihheg caonJdAwcteggadi pped with a multispectral ca
precise measurement of NDVI, VCI parameters, as well as
with an accuracy of up to 5 cmonTher rtesasl puropoNOVT dcrie !

parameter is presentFddy®in the figure below

| et # grr
- s : v - . i 5

Fi a6l dentification of vegaedteatiiveerd a\rDevd s dbaa sag(dt raesskoUAM3i. o) n

I't is expected that UAV me asduarye mennttesr vvaillsl. bTeh ep entofno rt noer d
in the $oépmiwlihg

Research Fund Cefunded by the European Union. Views
for Coal & Steel those of the author(s) only and do no
Uni on or European Research Executive
t heranting authority can be held resp:

Co-funded by
the European Union




-REECOL Del i veb.alA aegxs

Defining the boundary of
the research area : @
l Performing a fly-over

with recording witha
multispectral camera

identification of
multispectral values

l

Carry out the first flight Comparison of |
with registration before measurement results

the start of rehabilitation with tholse Dbtlalned in
activities the previous flight and

analysis of changes in
l multispectral values

Development of a drone Carry out rehabilitation
flight path @ activities

Export of multispectral
coefficient values (initial
state definition)

@ Defining reclamation @
Is monitoring treatments
continuing? l

Setting a date for the
next flyover or
completing the

monitoring process

Fi d 7/Procedure for conduct(thags knoh.id4.o.ing with U

The first step is to define the boundaries of the study
of the flight path (point 2) proceeds. Defining this
measurements andoft hceo mpagdintgi Itihtey results obtained, sin
recordings wild.l follow the same path. Along with the d

taking pictures and registratisemsor(suadtgd e)ofarpe cd afrierse
determination of theffofieghthepatharthoweverc, amati on trea
along with the registration3)of Qnhet haes shuanseids poafr atnheet eorbst a(i

of multispectral wvalues wild.l be developed, which wil!/

and anal yd4s)i.s Altp goionitnt 5, reclamation treatments wil/| be
soi |, enriching with organic matter, s orwe cnlga msaeteidosn, terteca
are carried out, a dr-seaet phirigmet éss mande twheé heptrabl i she
(point 6. ) . On the basis of these flyovers, a map of n

comparlkedt wetresults obtained i Analhyez iprrge vtihoeu st rfe nydosv eorb t(api
the results of the |l ast spraying witbapr éei es@iathehme sh)e.d

Specialists can decrdasefor dramphege thei hirequency of ¢
the settings of equipment to control the coverage of th
wi || be carried out after cl qpiongtt Ad)|] avop |i mmepaiontsed . :
with registration. This date may depend, for exampl e,

pl ant species Tihre ®aesdwtmedird,rl seiec .det erminedioh ameomappir o@

group ohnpedpta from mobi.l d fmdéaieurdiange obatihed omani b1 gt
can be bhehosbdepntwowcpodinngs5. |1 f, howewalrs, tiot bies tne e chiieth aadr end
(poi ntwillllt)eendptr ocess of cyclic flights and the process
A mobile measuring station with a power supply system &
field location, all owing continuous monitoring of the
research area, ond6 tkWK hkampk cdWi-cgen. The station wil!/l ena
recorded:

Awind intensity and direction,

Asoil moisture

Asoil temperature
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dustiness
at mospheric pressure,
air temperature and humidity,

3.3P3eliminary Results

On August 28, soil samples were taken from experiment al
soil sampl es comPpossidinep |seosi |c ofi2Zldenwctr@e dlegdt dasi ¢ i ndi cator
pl ant growtverceonddttaromisned i n the ®2h.8|Tyhe crads ulatboraft otr |

are presented i(hat2he table bel ow

Tab22Results of preliminary study site assessment.
P-gno|Refer ¢
Paramet1waSte ecosys Comment s
The substrate within experi
pH 7.8 7.8 indicate lightly alka
Soil s a Substrate is characterized b
0, 2 0, 18 . .
[ MmS/ m] may have a negative i mpacHt

Organic carbon content shows
Total so 19,48 9,31 reference soil. However, it

carbon organic compounds difficult
(content of hard co

The substrate within experi
Tot al ni 0 249 0. 231 nitrogen content to thledr of

content, it is mostly nitrog

for plants and microo

The substrate has a much | ow

Tot al 0. 059 0, 16¢ 't may be the main reason f
phospho vegetation on this substrat
availability of t hmisc reoloerngean

Cal ci u 0. 299 1,040 Hi gh cal ci Whmsada mtharts hieghi I

xerothermic grassland

Sul phu 0. 13 0. 07 The substrate within the te

soil, has asfl pchoometse nhti ¢
Granul ¢
m - i
composi i 69 % 21 % Conten.t of s_keleton particl ¢
Content negatively sumpattatoe water
skel eton
Preliminary drone flights were carried out on the heap

a 3D model of t hFei ghoemg@ &avma s OmialkFeipth8ot o map
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Fi 80t phot omap

Fi 93 D model of

ofl 4t be )Heap

at

thédnB: noco Heap
Using a multispectral camera, i mages were taken
produce a map iwidti hFattdgdgr NDVI
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Fi 2.00verall view of the planned reclamati ¢d.adaréa: a) v

3.3CoOnclusi on

Preliminary results indicateottmalneasd afl @r itnldé case®ra . b Da
har d poediini ng waste, the standard physical and chemical
factors | imiting vegetation growth in the study area. E

reference soimi doetshatot hared ecoal waste rock provides i
devel opment of diveMé@l phaed caswmwrdi thiieos.ndi cators shoul
limiting the growt lanafl wsesghe.t ati on within the

Theumber, di mension and | ocation of -sgpkei madtahtptetba:
satellite data and data acquail peod vwidtets UW\Whre.c ofplparmridida arhagprr it
values within plots where new restoration methods wild|

3.43:1winenda®Bmopo st Pol eaa d

3.4S1te presentation

The Koni Mi hélgihcsateed in the eastern part of the Greater
serving as a crucial sufplamew ndfn IPiogweirt e | famrt tCloenpR Ntxn - W

region falls within the CentroadlanRolLiaskhe LDoiwsltarndcst iann dt hi
relatively flat terrain. ThepKonsomrftagaei mendi wet hasa be
extraction using openmasi ngettheds. hWagyektpeadatmaldr @aad dev
posni ning | akes, agricultural | ands and forests, signifi
Rehabilitation efforts in the Konin Basin have been fo
degraded | andscapes through a combination of technical
involved reshapippl tihreg tleayearisn caafndmar e fertile soils. TI
the | andscape and prevent further erosion, creating a
bi ol ogical reclamati on phase hasvei sedl|ltguaéstygreAgege
has been used to establish fields and grasslands, whil
species to enhance ecological stability and sugdgport

i mprovement techniqgques such as fertilization and the in
The specific object of this study is J-Ffwin Il B openca
covering an area of 47,3 km]. Exploitation of PNtn-w I
Since then, thehmsntagsegecansobdsrable alterations to t
involved the removal of vast amounts of overburden mat
pit and extensive dumping gr(eiummlds, both internal and ex
Lignite extraction officially ended at J:-Ffwin 1I1B in Ji
and have suffered from nutrient depletion and salinizaf
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Hydrol ogical systems have been disrupted. The i mpact on
native habitats and significant challenges to vegetatio
Currently, themidniFwgnat éa Bi posh the process of decommi
planned to | ast until the end of 2029. The reclamati on
to transform thistomianngcdlandgiscalpley imal anced area. Thi
infrastructur e, remediation of environment al i mpact s,

multifaceted, involving techni cadnsafnodr nbinoghiotghi eccap ¢ srirechsads
into agricultural, forestry, recreational, and aquatic
sl opes, creation of water reservoirs, rehabilitation of
Recl amati on works in terms of soil rehabilitation are &
J:-Fwin Imi nBnmgosatr ea. At the moment, many parts of intern
phytotoxic sorklptopetyi ¢éowasodil fertility, being subje
Over time, the influence of natural succession dumping
of the dumping ground arle ruencdlearmactnigooni.n gl nagtrhiicsul ¢ amtae x t
measures are currently employed to rehabilitate the | a
include medium ploughing, the use of heavy fendiligltr sh
sowing of grass and | eguminous seeds (such as tufted g
structure, fertility, and moisture retention.

438800E 441800E 444800E
= - B [ g

506200n

c
s
=1
]
2
B

Fi@lLocation and r apogent mfi nlg- Awierma.1 | B
The red point is the |l ocation of experimental plot

3.4D2signmohi tadeing pl an

The planned monitoring activities address two differei
moni tproggammes:

M { YREGHIINK2YAG2NRAY3 LINBANIYYS 2F 32Af LINFYSGSNA FYyR &¢
LY 204z Adidzy@2 Afy & YLIX AYy3IZ 02N G2NBE (Sadasay3d YR OAadza
GKS AybdzSyO0S 27 DANERRoYyA AIRf | KEKEFAEAGra2y F& LI NI

For ttrhmeshi t ori ng programme, threevérdjeacenst adbtpashieme mtt al
B ponsthing area. They are |l ocated at the northern part
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until today has undergone only the technical reclamatic
scenario, including cultivation, composting and alfalf
pl ot are summarbied ddvbikTthlee maaml ebjective of the monitor
experiment al plots is to test the influence of compost
parameters, as wel/l as the influenceootn ivegkdiang opr gp &
WP4 of the REECOL Project. I n parallel monitoring wil.l
i . e. al falfa growth on soil parameters. The establish

ex pment al plots of the samé&i@2mensions (M1, M2, M3) (

Tab?28haracteristics of experimental plots.

| D Rehabilitation Ar e a Centr al point,
M1 cultivation + al 822m 18A 10' ®»FA5D5' E5
M2 cultivation 822m 18A 10' 25.86" E,
M3| cultivation + compo{ 822m 18A 10' 26.22" E,

443840E 443850E 443860E

upLsL08

Fi @2Three experimental plomenthaesowdl bmbeptabjirdtr edt ho

The field works on the experimental pl otsi wialtle iamd luumec
seasons, and cultivati on,i ealrflayl fsap rsi enegd isnega saomds . s aSnappil ni gr
be representative for average soil parameters of exper
Therefore, the planned experimental monitoring wil/ in
the i mpact of compost application and alfalfa seeding

AAutumn 2024: soil sampling, cultivation, composting

ASpring 2025: soil sampling, cultivation, alfalfa seed
AAutumn 2025: soil sampling, cultivation, composting

ASpring 2026: soil sampling, cultivation, alfalfa seed
Taking into account the goal of this stupglysitdbdecltkemi cn

anal man@s gani c matter quantifiSpacidncapdraqumeatftiefriscavii édni
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AText(uugend/ silt/clay ratio)

ApH water

ASootganic and inorganic carbon
ACar bloanbi | e and recalcitrant indexes

ATotoarlgani ¢ matter

ATotnailt r ogen

ACarbddNntrogen ratio

ATotcaalr bonates and CaO

AAv ai Ilpatolsephor us

ACat Exmhangeabl e Capacity

AOl i goel:enfeent sCu, Zn, Mn and B extracted with EDTA

Additional |l y,atthhee emoreirtiareinnggal plots will include testi
and subsntdruacteed, as well as enzymatic activities related
cycles, and functional genetic diversity.

Thermamni toring will &ligaw)i meslskedes meingu alf (@il al fa growth
of alfalfa growth using UAV with multispectral camera

v A v A

HFMBBINE2YAG2NAY 3 LINPINIYYS 2F NBOfIlYlea2y LINRPINKBEAE 2V
FAYAYI BN ftY2WAR G2NAY3 2F NBOtF Yl a2y LINPIHERNSBAE2 VIYIR FAGRS2

The main goal of this study is to demonstrate the usef
scale atte@érmomoenitoring of reclamation/rehabilitation
potentially requiretfonth@heatteatsohjanted tFi go.nit or

442400E 443200 444000E

upoo80s

upozL0S

[ part of internal dumping ground

Fig3lnternal dumping ground currently wundergoin
subjected ftcarmrr npislpatc elboomghe moni toring.
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A densseri®enoRnemagery will be applied in order to ca

ANDVI (Normalized Difference Vegetation |Index)
ANDWI (Normalized Difference Water | ndex)

For ttrhE pphc e booamiet oring, the time series wildl include al
spring 2025 wuntil summer 2026, with c¢cloud and snow covV
from spring 2024 wi be potentially applied as well

Sent-2nkekhyaractaemnred saarcsi dered tsafmiceehamdtoiroh omgni torin

Amul ti spectral sensor with 13 spectral bands
Aspati al resolution: 10m

Aspectral T2ahy®:nm43

Arevisit time: 5 days

3.4PBeliminary Results

Regar di nsgc aslnmea ltlr i al monitdedwng pntiongrnaghdatee eamx per i ment al

sampled in Novetmberr 0RI4t sanadf soi l | aboratory tests ar
assessment of vegetation coveonduwmcttehdk. eXmpeax amemitarly prl e
cover assessment, for the projectsd FnBdial stage is p

443840E 4438505 443860E

S A

.l e

s apd

e

A

s

8 4An exempl ary NDVI result from May 8th, 2024, before t

Morreeddcicslhour suggests the bare and moisture soil, wh
presence of vegetation from natural succes

Regar di nsgc allaer gter i al monitoring pmiogiragmar aa, JaZfel hAgl ¢
product was used to assess the iniFiagbredtwtg®d ofr etsheentisn
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t hexempNRBYY result, that was used to assess the initia
14 2024, before the commencement of pilot monitoring

18°9,06'E 18°9, 48°E 18°11 18°10,74°E
"'""?-‘oi"’ — = = ET

8
2

ST Case study
NDVI values

F 0,867115
h -0,277602

Fi g5An exemplary NDVI result, thranfadr & otrh ex gc @gmmagm @aenmen t

Mo rreeddciosslhour suggests the accumul ated surface water.
revegetated area under biological rehabil]i

N:BE'GZolS

Addi ti bhadilly, mi crobi al respithat itedkgpeeane nmabatphed sompdst
usedr ok ambBahb2om (

Tab2éMi crobi al respiration.

SampleBa?al mi crobi a Po‘tential migrobial r
(Og €029 dry induced) -@ Ogg Cdr2y so

M1 soi 058&0. 08 0. Np.01

M2 soi 0. &N6. 05 0. N9. 05

M3 soi 0. N8. 25 0. N9.02

Compos 3. 6. 12 4. K 9. 54

3.4ChONnclusi on

At the study si ttehei nmoknointionr,i nRyjolparnamia hc b acéngsti@deanat h
dumping gJ-ofumidh iodhi Be o pneinnciansgt dptoesate st abl i shed experi me

smaddale monitoring of soil ecol ogical reMabi tior anigomw
i ncl usdiet u nsoi |l sampling and | aborator xddtesytohneg |id aarsd eve | |
satebddsdeemahi toring willalbae gampgl oyfed hfeori nt er nal dumpi
monitoring activitize®k26rmi |1 |l ast until summer
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3. Radov&sideei ce spoi-CzaelpRepuwmipl iex

3.581te presentation

The research carried out within the REECOL project is
coal deposit and at the same time the | argest recl ai med
Based on the WP3 solution, the Radovesice/ StSimice dump
the point of view of geol ogy and pedol ogy, mo s t of th
reclamation additiveedwhre esiagni tiheamoblsy apghificant ar
|l ocat etd G elre@nng moni tored experimental plots were establi
the Radovesice dump (2 reclaimed, 2 |l eft to natural suc
1 left to natural succession).

The Radovesi chaspainl ehoagpated shape from southeast to
the highlands of the Bohemian Centr al Mount ai ns. It is
used as a melioration additi veduddue vtoas htalbdaiert erre sodr vtehse, s
filled. Marl s form the geological surface of the erosi
accessible and cheap [5]. The rechamhbsenopr mpotl b iceal @ eofn
met hodol ogy was gradually modified based on VDPHU reseat
spoi l heap.

The St Simicdsspgomiclatheedappast of Mo$973] tDwastcacreheéedxinert

properties of the upper horizon of the spoil heap, the
ti me, significant erosi oth. pBemtooneintae wferr @m mtame f Retle Hi |
reclamati on. Recl amation began in 1984. The | ayer of

agricultural reclamation began on dfhe89 olpa off4]Jt.he3 sexpeé]
were established on this spoil heap.

In addition to this main case area, two other smaller
reclamation of Most Basin sediments. These are the area

The first OfCSAhdMmhepesliedaheaarea situated on a relati v

composed mainly of soils from the coal seam outcrop and
in the upper horizon of the site is ,tlwdhiefhorne a&xmirxtmer ¢
into a mixture of <coal mass and weathered pyrite. It
The second most abundant soilly tkygcl iirsi 2ehce gmaiesgd .y i higi s o0
and also completely unsuitable for reclamation. The are
Mount ains, so its other reclamation prtebl(emiimardcdmnyt amist

is probably the area with the highest degree of degr ad:
effective reclamation of such extremely damaged areas
estahbd iosnhe his spoil heap.

The second of tthédmuigs Mi me amélkea marlea uingpol.ocated on the

dump of the Liboug open pit mine. Geologicall ysusiatblies m
| and for reclamation. Forestry recl amatpieon iiess plfannheed s
satisfactory, but the area is threatened by the occurre
soil pH reaction. This iscomteaminh gyt ead ewmi tof & dlei rMMotsyt (Brac
Research into the possibilities of effective reclamatio
pl ot was established on this spoil heap.

'!HENDRYCHOV®e Ml amati on success in post mining | andscape

pedol ogi cal and biological studité8s. 2D®@8r nal of Landscap:¢
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3.5D2sigmmeohitoring plan

During this initial assessment, VUHU focused on evalua
aim was to evalwuate the devel opment of successional 4
application of vari ous, rbeecnltaommaittieosn) , s ceiviasl u@mar extr e me
reclamation, and evaluate areas affected by salinisati
For these purposes, individual experimentalTaplk&ts were
Tab?2®&8haracteristics of experimental plots.

| D Pl ot types Di mens S|l ope

1 /O0ld succession area development| 40m x < 5A

2 |[Young succ edsevielno pameenat 40m x < 5A

3 |Area designated for future recr| 50m x < 5A

4 |Technical reclamation, marl appl 40m x < 5A

5 |O0ld succession area development| 40m Xx < 5A

6 Ol d succedsiven opmeat, extreme p 30m X < 5A

7 |[Technical reclamation, bentonit( 50m x < 5A

8 Before reclamation, extreme phy| 60m x 15-/25A

9 |After techniscal iméslaamani @i, soi| 40m x < 5A
Sampling methodol ogy

I n 2024, the collection and analysis of characteristic
pl ace. Soil samples are taken from the exposed wall/l
macroscopically di fofuerentTh(egraanmowlnar iotfy,s ociotll .t5 kkegr, fiomr t
case of gravel representation i-B kige JFboel sampVvVengO0foi n
in the working map. Photo documentagioidhessamwhiysagcant
al wayyys 60m (succession or futwuG,e2mo(festturye ragHiamaltti omal
anal ytical sampl e i s -saanpil xxesd slTehmplgee odfogl caadb descriptic

thecatlon and the results ofi nl ather alttddw eamdllyeses are g

Future sampling design

The next (bio)indicators or parameters of gSacicle Chapdrd
No 4.3.2) willdl be measured on each study plots 2 ti me:
action, that innnimlgamfon htehe elgeegiati on season in 2025 ye
To measure sustainability of developed ecosystems foll
Normalized difference vegetation index

Normalized Difference Moisture I ndex

Land surface temperature

3.5P3eliminary Results

I n 2024, the collection and analysis of characteristic
pl ace. Soil samples are taken from the exposed wall

macroscopically di fofuer)entT h(egraamowlnar iotfy,s ociolll .t5 kkegr, fiom t
case of gravel representation i-B klge 3Jbel sampVéeng0wwoi n:
in the working map. Photo documentagioinhessamwhysgcant
al wayYys 60 m (succession or f utiul,e2nm o(rfewstturye reegqrliaanaltti wrna |
analytical sample is -saampked. shmpltéai of cbBaptudr , the ge
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individual samples, their |l ocation anSlanmphlei nrge srudalsi soefd
i s show(Talhe kow
Tab?2@Sample number, | ocation and geological description (2
No. of |l ocality Geol ogi cal descri

1 RadoveS|C(_e XV Brown clay, dusty, wi
(succession)
Radovesice XV .
2 (succession) Brown cl ay,nudnegtow,s wil
3 Radovesice |I|Brown c¢clay, slightly d
(old recl amat and numerous pl an
4 Radovesice V| Brown clay, slightly
(new recl amat saliva and numerou
5 St Simice | Grey, sandy clay, with
(succession) numerous fragments
6 St Simice | Grey, sandy clay, with
(succession, ph very numerous fragme
St Simice I1| Brown clay, plastic,
7 .
(old recl amat with numerous pl a
8 CSA mine sl opg Grebyl ack clay, dusty,
(before reclamati coal mass and admi x
9 Li bousi mierenal s Brown cl a lastic
(technical rec y. P '
Sel ectednalUybes were carried out on the samples taken
samples are ready tabbwe aseni eso pfaleoeted collection p
figures (
Fig6Fi 37Fi 8Fi B9Fi 80Fi 8) and summari Taeh2 B.n Tahd arbdseul(t s of
are presente82in tables 28

S L T

FigbLocatiexmpeof ment al pl ot s.
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Tab2@eLocation of experimental pl ot s.
Map po Name Experi ment al

A Radovesi ¢ i, 2, 3,
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