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PROSPECTS OF THE NIKOPOL MANGANESE BASIN ROCKS
USING FOR LAND RECLAMATION

The rocks of the Nikopol manganese ore basin in the southeast part of Ukraine are presented
the holocene, postpliocene, neogen and paleogen deposits. Taken on day surface they are problem for
environment management for the future. The reclamation of disturbed land is conducted in one
technological cycle with the process of manganese ore mining. The soil mass is taken off, piled up
and heaped onto the land after the rock has been replaced.The seven rocks and southern black soil
were divided in five classes after laboratory and field experiments of long standing (Macrok, 1984). It
was established that plant melioration of rocks with perennial legumes grasses lead to improvement
their fertility. The effectiveness of different models of land recultivation and heavy metals migration
through rock-soil-plant system was researched. The physical-chemical investigation of the organic
substances formation particularities were done.lt is determined the humic asids level is dicreased
according to southern black soil to 10 times. It was established also, phytomeliorated rocks had the
differences in a low ratio of the humic and fulvoacids (0.2-0.5). The field experiments were carried
out to study adaptive potential for the plants having different requirements for substrate fertility. Main
task was to note the prospects of the mined land management for the rocks of the Nikopol manganese
basin. The experiments used disturbed rocks as technogenic substrata to grow crops in a special
rotation. The main minerals of rocks silty fraction consist of feldspar, calcite, hydro mica,
montmorillonite, chlorite and kaolinite. The case when weathered rocks accumulate the high level of
manganese was fixed for dark-grey schist clay. It was established the rocks getting on the day surface
after manganese ore mining and plant melioration stages pass in other geochemical conditions and
change their physical-chemical properties due to the process of bioweathering. Some adaptive
reactions for alfalfa have been learned for different substrata (loess-like loam, red-brown and grey-
green clay). The alfalfa was in stress in the first year of life, but it gave essential yield growth in
the next years comparative to southern black soil . It was connected with high level of the energy
accumulation with alfalfa as well. It was shown also that the preliminary melioration of rocks by
alfalfa provide the simbiotic nitrogen fixation at the level 50-70 % more than in case with southern
black soil. Other approaches application for substrata’ organic substance composition evaluation(gel
chromatography, potentiometer titration with 0,INKMnOy,etc) gave an opportunity to reveal the
formation of the humic fractions with a high movability and low molecular weight. Additional steps
to improve phytomeliorated rocks fertility have been done within last 7 years. In particular it was
fixed that soybean treated by root-substrate mix ithout VAM and Glomus mosscae Isolate could use
phosphorus of hard soluble combinations for montmorillonite clay using. The fields’ experiments to
check winter wheat seeds treatment with different biological preparations were conducted for a last 5-
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7 years at the land reclamation station in the Nikopol Manganese Basin.These rocks were involved in
that experiment after long term plant meliuoration. However, it is clear that long-term plant
melioration allow opening the bacterial fertiliser’s efficiency. Thus the data approved that crops
during long-term melioration have dramatically improved some processes as following:
bioweathering of rocks, phytomeliorated rocks fertility growth, etc. Preliminary phytomelioration of
rock mass may be recommended as technological model of land reclamation in similar mining regions
after long-term geochemical monitoring.

Keywords: manganese basin, land reclamation, rocks, soils, crops, humus quality, trace
elements, bacterial fertilizers.
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NMEPCNEKTUBN BUKOPUCTAHHSA NPCbKMUX NOPIA
HIKOMONbCbKOIro MAPIrAHLIEBOIO BACEUHY
AOnA PEKYJNIbTUBALLII 3EMEJb

Iipcpki mopoan Hikomonbchkoro MapranieBopyaHOro OaceifHy y HiBISHHOCXIIHIM YacTHHI
VYkpalHH TIpeAcTaBlIeHI TOJOLECHOBHMH, IIOCTIUIIONEHOBHMH, HEOTCHOBUMH Ta IIaJeOr€HOBUMU
BinkmagaMu. [licis BUHeCeHHS Ha 3eMHY IIOBEPXHIO IIi TOPOAN CTBOPIOIOTEH MPOOIIEMy JUIT OXOPOHH
HABKOJIMIIIHBOTO CEepeloBHIIA Yy MailOyTHbOMY. PekynbTuBallis MOPYIICHUX 3eMelb MPOBOAUTHCS B
OJIHOMY TEXHOJIOTIYHOMY WHMKIi 3 TpOLecoM BUAOOYTKY MapraHueBoi pyau. IpyHToBa Mmaca
3HIMA€ETHCS, IEPEHOCUTHCS Ta 3AJHMIIAETHCA Y BiABaJaxX MiCs TOTO SK TiPChbKi MOPOJH BUHOCATHCS Ha
3eMHY MOBepxHIO. [IpoBemeHi nocmimkeHHS e(EeKTHBHOCTI PI3HHX MoOJeNeld peKynbTHBalii Ta
Mirparii Ba)KKUX METaJiB y3/I0BXK JAHIIOTa Tipchka Mopoaa-TpyHT-pocianHa. CiM TipchbKHX TOpix Ta
MiBACHHUHA dYopHO3eM OynmM po3JxiUIeHi Ha ITSTh KJAciB IIicis JIabOpaTOPHUX Ta MOJNBOBUX
Gararopiynux ekcriepuMenTiB (Mactok, 1984). TakuM yMHOM 0YJI0 BCTAHOBJICHO, 110 (iToMeniopariis
TipChKUX MOpix GaraTopidyHIMU 60O0BMMH TpaBaMH IPU3BOAUTE JI0 MIiIBHUIIEHHS iX poarodocti. Byno
BUKOHAHO (Di3UKO-XIMI4HI JOCHIIKEHHS oOcoOnuBocTel (OpMyBaHHSA OPraHIUHOI PEYOBUHH.
BusnaveHo, mo piBeHb T'yMiHOBHX KHCIIOT y ()iTOMENIOPOBAaHHX TiPCHKUX MOPOAAX HIDKYE HIK Yy
yopHO3eMi miBgeHHOMY Yy 10 pa3. Bymo BcTaHOBIECHO TakoX, IO (iTOMETIOPOBaHi TipChKi MOPOIH
Bi/I3HAYAIOTHCS HU3BKHM CITIBBiIHONIEHHAM TyMiHOBHX Ta (ynbBokucioT (0,2-0,5). TTonpoBi gocimian
Oymu mpoBeneHi AN BU3HAUCHHS aJalTUBHOTO MOTEHIIANTy POCIHH, SKi MO PI3HOMY pearyiTh Ha
poxmtouicTe cyOcTpary. ['omoBHI MiHepanu TNHHHCTOI (pakuii TipCBKUX IOpiA HpeacTaBieHi
MOJFOBUM IIMATOM, KAaJIBIMTOM, TiJpPOCIIIONO0I0, MOHTMOPIUUIOHITOM, XJIOPHTOM 1 KAaOJIHITOM.
HaiiBummii piBeHb Maprasiffo y mopojax Iiciisl BUBITPIOBaHHs OyB 3adikcoBaHWH Uit TEMHO-CIpoi
claHIeBol MHK. Byllo ycTaHOBJEHO, IO TipChKi MOPO/IH, SKI ONMMHIJIMCH HA JICHHIN TOBEPXHI MICIs
BUIOOYTKY MapraHleBOi pyAd 1 mpodnum cTafii giromernioparii, MOTPAIUIAIOTE B 1HIN TeoXiMidHi
YMOBH Ta 3MIHIOIOTh IXHI ()i3UKO-XIMi4HI BJIACTHBOCTI 3aBISKM HpOLECY O10JOTIYHOTO
BUBITpIOBaHHA. Jledaki ajganTUBHI peakmii JronepHH Oynd BHYEHI Ha pIi3HUX CcyOcTpariB
(ecomomiOHMI CYTIIMHOK, YepBOHO-0ypa Ta Cipo-3eiieHa riuHu). JIFoLepHa OMUHSIACE Y CTPECOBUX
yMOBax y MepIINi piK XHTTS, ane y HACTyNHI poku Oyna 3adikcoBaHa JOCTATHS BPOXKAHHICTH
HOPIBHSHO 3 MOKa3HUKaMH YOPHO3eMy HiBJIeHHOro. 3adikcoBaHO BHCOKHMH PIiBEHb BHHOCY €HEprii 3
Giomacoro mouepHd. Hamu Oyio BCTaHOBIIEHO, WO TonepenHs (iToMenioparis TipchbKUX IMOpifg
JIIOIIEPHOIO 3a0e3meuye piBeHb ciMOioTHuUHOI aszordikcarii wHa 50-70 % Oinblie MOPIBHSIHO 3
YOPHO3EMOM MiBICHHUM. 3aCTOCYBaHHS 1HIIMX MiIXOMIB UIS OLIHKH CKJIAAy OPTaHiYHOi PeYOBHHH
(rems xpomarorpadis, moreHmiomerpuaae tutpysaHus 3 0,1INKMnO, Tomo) Hagamo MOXIHBICTH
ouiHuTH (HOPMyBaHHS TYMIHOBHX (PaKIiii 3 BHCOKOIO PYXOMICTIO Ta HH3BKOI MOJICKYISIPHOIO
Baroro. J[omaTkoBi KPOKM MOKPALIUTH POIIOYICTh (iToMeniopoBaHuX mopia Oynu 3pobieHi 3a cim
pokiB. 3okpema OyIo 3adikcoBaHo, IO cosi, 00poOIIeHa KOpEHEBO-CyOCTpaTHOW cymimmo 6e3 BAM
Ta i3omsarom Glomus mosscae, n03Boisie CHOKHMBATH Ba)XXKOPO3YMHEHHIT Qocdop y Bumamky
BHUKOPUCTaHHS MOHTMOPULIOHITOBOI TimHH. OOpoOka HaciHHA O03MMOI NIIEHWI Oi0JOTIYHIMH
npenapamu Oya 3po0ieHa y MOJILOBHX JOCTIZAX MPOTIAroM S5—7 pOKiB Ha CTallioHapi peKyIbTUBALT
3eMens y HikomosibcpkoMy MapraHueBOpyAHOMY OaceifHi. BuineHasBaHi ripcbki mopomau Oyiu

ISSN 1684-9094. Gruntoznavstvo. 2013. Vol. 14, no. 1-2 79



3alydeHi B eKCHEpHMEHT micis OaraTopiuHoi ¢Qitomermiopanii. OTxe, BH3HAYEHO, II0 TpHBaIa
¢iTomeniopariist migBHILye e(pEKTHUBHICTh 3aCTOCYBaHHs OakTepiaibHUX H00puB. TakuMm YHHOM,
OTpHMaHi JaHi MIiATBEPAWIM, IO KyJIbTHBYBaHHA CUIBCBKOTOCIOJAPCHKUX KyJBTYP HPOTSAIOM
GaraTopiuHOi (ioMerniopallii CyTTEBO MPHCKOPIOE JEsKi MPOLECH, a caMme: 0i0JIoTiYHe BUBITPIOBAHHS
TipCBKUX TIOPiA, 3pOCTaHHA iX poarodocti Tomo. ITonepenns diromemiopamnist TipCBKUX MOPiT MOXe
OyTM peKOMEHIOBaHAa SK TEXHOJOTIYHA MOJENb Y CXOXHX TIpHHYOPYIHUX pErioHax Micis
6araTopivHOTO reoXiMIYHOTO MOHITOPHHTY.

Knouosi cnosa: mapeanyesuil 6aceiin, pekyIbmueayis 3emeib, 2ipCbKi HOpoou, epyHmu,
CiTbCbKO20CNO00APCHKI KYIbMYPU AKICIb 2YMYCY, MiKpoeiemenmu, baxmepiansHi 0o6pued.
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NMEPCMNEKTUBbI UCMOJIb3OBAHUA NOPHBLIX MOPONA
HUKONOJIbCKOIro MAPIrAHUEBOIO BACEUHA ANA
PEKYNIbTUBALUUU 3EMEJIb

I'opuble mopoxasl HUKOMOJIBCEKOTO MapraHIEBOPYAHOTO OacceifHa B I0r0-BOCTOYHOH 4YacTH
VYKpauHbl NIPEICTABICHBI I'OJOLECHOBBIMYU, MOCTIUIMOLECHOBBIMY, HEOICHOBBIMU M IAJICONCHOBBIMU
OTIOXEHUAMHU. PekynbTUBalus HapyHIEHHBIX 3€MeNb IPOBOJUTCS B OJHOM TEXHOJIOTUYECKOM IUKIIE
C mpoueccoM A00bMM MapraHueBoil pyasl. IIpoBeneHsl uccnenoBaHus 3(P(GEKTHBHOCTH pPa3HBIX
Mozened peKyIbTUBALMM W MHIpPAlUH TSOKENBIX METAJUIOB BJOJNb LEMH TOpHAs MOpOJa-ToyBa-
pacteHue. b0 ycTaHOBIEHO, YTO TOPHBIE TMTOPOIbI, KOTOPhIE OKAa3alUCh Ha JHEBHON MOBEPXHOCTH
nocne A00BIMM  MapraHIeBOW pyAbl M MPOLUTH CTaguK (PUTOMENHOpAlWui, MOMagaloT B Jpyrue
TEOXMMHUUECKHE YCIOBHS W W3MEHSIOT HMX (HM3MKO-XHMHUYECKHME CBOIicTBa Oiaromapsi mporeccy
OuoJIoTNUeCcKOro BEIBETpHBaHMS. IIpenBapuTenbHas (UTOMENINOPAIHS TOPHBIX MOPOJX MOXET OBITh
pPEKOMEHJIOBaHA KaK TEXHOJOTHYecKass MOJelb B IIOJOOHBIX TOPHOPYIHBIX pErHoHax Iocie
MHOT'OJIETHETO '€0XUMECKOI'0 MOHUTOPHHTIA.

Kniouesvie cnoea: mapeanyesuii 6aceiin, peKyibmueayus 3emeib, 20pHule NOpOoObl, NOYEGWL,
CeNbCKOX3ACMBEHHblE KYAbMYPbl, KAYeCmeo 2yMyca, Mukpoeiemenmesl, bakmepuanshule y0oOpeHus..

The rocks of the Nikopol manganese basin in the southeast part of Ukraine are
presented the holocene, postpliocene, neogen and paleogen deposits. Taken on day surface
they are problem for environment management for the future. Dust from this land is
excessive and causes respiratory problems for nearby residents (Duka, 2011). Chronic Mn
impact is a hazard in the mining and processing of Mn ores. The screen of 683 children in
the Mn rich regions of Ukraine showed that 53 % had impaired growth and rickets-like
skeletal deformities. There are 9,000 ha of mined land with soil replaced in the region, but
most has had ineffective reclamation. Another 10,000 ha or more exists without soil
replacement (mostly from mining operations more than 30 years ago), and an estimated
additional 150,000 ha or more in Nikopol region suffers significant adverse affects from the
non-restored mined land (Tarika, 2004). The reclamation of disturbed land is conducted in
one technological cycle with the process of manganese ore mining. The soil mass is taken
off, piled up and heaped onto the land after the rock has been replaced. The reclamation of
disturbed land is conducted in one technological cycle with the process of manganese ore
mining. The soil mass is taken off, piled up and heaped onto the land after the rock has
been replaced. The seven rocks and southern chernozem (black soil) were divided in five
classes after laboratory and field experiments of long standing (Masyuk, 1984). The field
experiments were carried out long time to study adaptive potential for the plants having
different requirements for substrate fertility. Recommendations resulting from cooperative
research of Dnepropetrovsk State Agrarian University and the National Mining University
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of Ukraine have been adopted by all strip-mining operations in the Nikopol region and to a
lesser extent throughout Ukraine. Current mining operations remove and replace
overburden by strata, with careful attention to preservation of topsoil. Return of this land to
agricultural use is comparatively easy and environmental and health consequences in the
surrounding area are minimal. The case when weathered rocks accumulate the high level of
manganese was fixed for schist clay (Kharytonov, 2007). Main task was to note the
prospects of the mined land management for the rocks of the Nikopol manganese basin.

THE MATERIALS AND METHODS

The mechanical, physical and chemical properties of some rock substrata were
studied with use of standard methods. The stratigraphy of the Nikopol manganese ore basin
is shown in table 1.

Table 1
Rock deposits stratigraphy
Age Depth, m Name of substrate
Q 0-7 Soils, loess-like loam
N;,SQ 7-12 Red-brown loam and clay
N1Srmyy 12-47 Grey-green clay
N1Srm; 47-63 Sand-clay deposits
Pg.ch, 63-71 Green montmorillonite clay
Pgich; >71 Manganese ore

Q - quaternary; N2 — Pliocene, upper (late) Neogene; N1 — Miocene, lower (early) Neogene; Srml —
lower Sarmat; Srm2 — middle Sarmat; Srm3 — upper Sarmat; Pg3 — Oligocene, upper Palaeogene.

Accepted conventional meanings for the substrata as following: SBS — southern black
soil; LLL — loess-like loam; RBL — red-brown loam; RBC - red-brown clay; GGC - green-
grey clay; GMC - green montmorillonite clay; AAS — ancient-alluvial sand; DGSC - dark-
grey schist clay

X-RAY analyses were conducted on clay minerals in natural condition, after
processing with ethylene glycol, and after firing. An HZG-4 instrument was used. The
macro- and microelement content of rocks and crops was studied with an atomic-absorption
spectrophotometer. Gel & Gas chromatography, potentiometer titration, and calorimeter
were used to study additional effects in rocks-plant system. The effects of a six-year
cropping pattern were monitored in 5-kg vessels in the open in Dnepropetrovsk. The
vessels contained substrates of neogene and paleogene rocks, with a southern black soil for
comparison. The crop sequence was as follows: first two years — alfalfa, third year —
"fallow", fourth year — bean, fifth years — pea & bean (relay cropped), and the sixth year-
maize. Root-substrate mix without vesicular arbuscular micoriza (VAM) and some Glomus
mosscae Isolates (mycorrhizal VA-fungies) were studied in the light-room experiments
with soybean. The object under research is ordinary medium — loamy black soil, green
montmorillonite clay. The vessel capacity — 0.5 kg; repetition — 5 times. The fields
experiments to check winter wheat seeds treatment with different biological preparations
were conducted also for a last 57 years at the land reclamation station in the Nikopol
Manganese Basin. The bacterial fertilizers application was made in the several field trials as
following: Agrobacterium Radiobacter, Bacillus sp., Agrobacterium Radiobacter 204,
Alcaligenes paradoxus 207 and Flavobacterium. Bacterial fertilizers were cultivated at the
southern branch of the Ukrainian Institute of Agricultural Microbiology UAAS.
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RESULTS AND DISCUSSION

The experiments used disturbed rocks as technogenic substrata to grow crops in a
special rotation. Agrochemical assessment of the rocks after long-term plant melioration is
presented in the table 2.

Table 2
Agrochemical assessment of the rocks after long-term plant melioration
Five
Substrate | oy | TO®I | MobP. | CaPy, | CaP, | AP, | Fep, | Cap, | TCHONS
P,% | mg/100g % % % % % !
mgP,0s/
100g
SBS,
7,5 | 0,058 57 25,8 33,1 8,4 8,7 24,1 74,75
0-20cm
SBS,
20-40 cm 6,5 | 0,064 5,55 34,6 24,1 5,6 12,3 | 235 81,0
LLL, 4,0 | 0,017 1,7 16,5 47,7 10,0 6,5 25,4 65,0
0-20 cm
LLL, 3,3 | 0,032 1,2 9,3 48,2 8,6 6,07 | 28,6 70,0
20-40 cm ' , ' ' , ' , , '
RBC,
57 | 0,033 45 13,9 42,8 15,0 6,9 21,3 93,5
0-20cm
RBC, 3,2 | 0,014 1,25 12,5 55,2 8,3 55 18,4 72,0
20_40 Cm Ll ) Ll ) ) l ) ] 1
GCC, 2,5 | 0,034 0,8 7,2 30,9 3,8 0,8 22,5 118,0
0-20cm
GGC,
20-40 om 3,8 | 0,034 0,4 9,9 42,8 5,07 0,8 315 88,75
SBS, 6,6 | 0,048 3,7 29,7 44,0 12,4 2,4 11,4 52,25
0-20cm

The main minerals of rocks silty fraction consist of feldspar, calcite, hydromica,
montmorillonite, chlorite and kaolinite. Some data are presented in the table 3.

The part of data with heavy metals content after INHCI extraction is shown in the
table 4.

Table 3
Clay minerals content, %
Substrata Clay minerals
Hydro mica + montmorillonite Kaolinite
Southern black soil 233 91
Loess-like loam 15,6 7,9
Red-Brown Clay 40,8 14,4
Grey-Green Clay 479 15,6
Dark-Grey schist clay 32,4 47
Ancient-alluvial sand 4.2 6,7
Green montmorillonite clay 43,2 3,9

The case when weathered rocks accumulate the high level of manganese was fixed for
dark-grey schist clay. The some data of the long-term laboratory experiments on rock
melioration with plants are shown in the table 5.

82 ISSN 1684-9094. Gruntoznavstvo. 2013. Vol. 14, no. 1-2



Table 4
Trace Elements Content in the Meliorated Rocks, mg/kg

Substrate Co Ni Pb Mn Zn Cu Fe Cr
ggﬂth Black 483 | 84 | 166 | 535 62 83 1747 | 30
Loess-like loam | 556 | 7.9 | 138 343 81 6.6 1283 31
Red-Brown 568 | 843 | 122 | 348 | 283 6,8 1243 | 30
loam
gzg'BmW” 685 | 113 | 12,6 467 35 8,57 1848 | 3,75
g{g"eree” 243 | 40 | 110 | 1550 | 163 73 1082 | 35
Dark-Grey 333 | 92 | 11,7 | 2053 | 358 8,22 2005 3,0
schist clay

Table 5

Accessible reserve of rocks on trace elements along the process of rocks melioration by plants,
mg/kg (AAB pH 4,8)

Year | Manganese | Zinc | Copper
Loess-like loam

1987 21,0 12,2 0,9

1995 69,7 10,0 2,5
Red-Brown Clay

1987 20,5 17,0 0,6

1995 68,0 9,5 2,18
Grey-Green Clay

1987 6,1 6,5 0,6

1995 51,3 5,9 2,2

Thus the rocks getting on the day surface after manganese ore mining and plant
melioration stages pass in other geochemical conditions and change their physical-chemical
properties due to the process of bioweathering. Some adaptive reactions for alfalfa have
been learned for different substrata (loess-like loam, red-brown and grey-green clay). The
alfalfa was in stress in the first year of life, but it gave essential yield growth in the
next years comparative to southern black soil. It was connected with high level of the
energy accumulation with alfalfa as well (table 6).

Table 6
Energy content in the organs of alfalfa planted in soil and rock, (cal/g)
Plant Height. cm
Plant Organs 010 | 1040 | 4070 | 7085
Grey-Green Clay
Leaves - 3894+ 25 4072+11 430516
Stalk 427315 4251+ 8 4232+ 7 403016
Raceme 4477411
Southern Black Soil

Leaves - 4275+ 20 4384+ 5 -
Stalk - 4269+ 8 4163+ 16 4127+ 6
Raceme 43902

It was shown also that the preliminary melioration of rocks by alfalfa provide the
simbiotic nitrogen fixation at the level 50-70% more than in case with southern black soil.
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Other approaches application for substrata’ organic substance composition
evaluation(gel chromatography, potentiometer titration with 0,INKMnOy, etc) gave an
opportunity to reveal the formation of the humic fractions with a high movability and low
molecular weight (table 7 and figure).

Table 7
The Rocks Oxidation-Reduction Buffer Capacity after long—term melioration by plants (mv)

Titration Stages

Substrate
0 1 2 3 4 5
Fresh loess-like loam 195 506 523 532 535 538
Loess-like loam after First
Phytomelioration Stage 193 427 459 479 489 496
Loess-like loam after two 198 380 448 469 478 479

Phytomelioration Stages
Fresh Grey-Green Clay 175 494 512 520 527 531
Grey-Green Clay after First

Phytomelioration Stage 215 384 452 471 483 489
Grey-Green Clay after two

Phytomelioration Stages 198 376 430 452 462 481
Southern Black Soil 213 303 328 348 374 404

D 800
700
600
500
400
300
200
100

V, mi

---SBS GMC

Gel-chromatogramma of humic acid extracted of southern black soil
and green montmorillonite clay

Thus it was established that plant melioration of rocks with perennial legumes grasses
lead to improvement their fertility. Additional steps to improve phytomeliorated rocks
fertility have been done within 7 years. In particular it was fixed that soybean treated by
mycorrhizal VA-fungies could use phosphorus of hard soluble combinations (table 8).

Root-substrate Mix without VAM and Glomus mosscae Isolate 5 impact was more
available for montmorillonite clay using. The fields experiments to check winter wheat
seeds treatment with different biological preparations were conducted for a last 5-7 years at
the land reclamation station in the Nikopol Manganese Basin.The rocks substrats are
presented the loamy soil and clays which were took up to the day surface after manganese
ore mining.These rocks were involved in that experiment after long term plant
meliuoration. The first experiment data on Winter Wheat Experiments are presented in the
table 9.
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Table 8
VAM fungi effect after soil , rock treatment for soybean yield, g/vessel

Trials Grey-Green Clay Southern Black Soil
Control 0,54 0,71
Root-substrate mix without VAM 0,76 0,8
Glomus mosscae 0,55 0,79
Glomus, Isolate 2 0,69 0,85
Glomus, Isolate 5 0,73 0,66
Table 9

Bacterial Fertilizers Efficiency for Winter Wheat growing in Land Reclamation Station
within 1995-1996 years

Yield, t/ha
Bacterial Fertilisers
Loess-like loam Red-Brown Clay Green-Grey Clay
Control 2.64 3.52 2.61
Agrobacterium Radiobacter 3.07 3.76 2.96
Bacillus sp. 2.92 4.0 3.19
Agrobacterium Radiobacter 204 3.34 3.9 2.47
Alcaligenes paradoxus 207 3.44 3.69 2.41
Flavobacterium 3.53 3.14 2.42

Second experiment with Agrobacterium radiobacter 204 and Bacillus sp. was
conducted within two years. The part of data is presented in table 10.

Table 10

Bacterial Fertilizers Efficiency for Winter Wheat growing in Land Reclamation Station
for 1998-1999 years

Yield, t/ha
Bacterial Fertilisers Loess-like loam Red-Brown Clay Green-Grey Clay
Control 2.35 2.13 2.50
,ZAOgA{obacterlum Radiobacter 261 240 261
Bacillus sp. 2.67 2.26 2.9

Obviously that yield distinctions are explained with weather conditions which were
different for these years. However, it is clear that long-term plant melioration allow opening
the bacterial fertiliser’s efficiency.

CONCLUSION

Thus the data approved that crops during long-term melioration have dramatically
improved some processes as following: bioweathering of rocks, phytomeliorated rocks
fertility growth, etc. Preliminary phytomelioration of rock mass may be recommended as
technological model of land reclamation in similar mining regions after long-term
geochemical monitoring.
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