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Sulfide mine wastes dumped in the West Donbass region as well as technogenic substrates and
young minesoils are characterized with the high variability of pH (2.94-9.00), exchangeable Al (0-
770 mg kg!), water-soluble Mn (0-50 mg kg™), Na (9-980 mg kg™), sulfates (2-196 me kg™) and
extractable carbon (0.012-0.886 %) concentration. A bioassay was used to study an influence of these
soil conditions upon growth of wheat (Triticum aestivum L.). Is has been determined that under
strongly acid conditions (pH<4.5) in leached soils, plant growth is suppressed by exchangeable Al,
but the toxic effect of high Al in minesoils obtained from revegetated sites could be partly alleviated
by humic acid accumulated there. In unleached samples, except Al, the water-soluble Mn and Na can
occur in high concentrations that strengthens the toxic properties of minesoils. Low in Al, soil sam-
ples (pH 4.5-6.0) usually contain toxic levels of Mn and Na. The only factor of toxicity that has been
found in neutral soil samples (pH>6.0) was the high concentration of soluble chlorides, NaCl mainly.
So, the highest toxicity is inherent to recently dumped mine wastes and to the unleached ones in
which all of the mentioned factors of toxicity are present simultaneously. In contrast, mine sites
leached out of soluble salts despite of high acidity and exchangeable Al concentration reveal much
lower toxicity and may be successfully revegetated with acid-resistant plant species.
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1. B. Kocrenko, M. €. Onanacenko, M. JI. HoBumbkuit
Hiximeoxuti 6omaniunuii cad — Hayionanvnuil naykosuil yenmp

BUKOPUCTAHHSA BIOTECTY A1 OLITHKHW EBOJIIOLIT TOKCUYHOCTI
CYJIbOITHUX ITAXTHHUX TIOPIJ], CYBCTPATIB I MOJIOAUX [IAXTHUX IPVHTIB

CynbdiHi MOpoaM MAaxTHUX BimBaiiB 3aximHoro [loHOacy, a Takox TEXHOTEHHI CyOCTpaTH Ta
MOJIOZi TPYHTH, IO (pOPMYIOTECS MiCIsl iXHBOIO OKHUCIICHHS 1 MOAAJIBIIOT TpaHc(hOpMallii, XapaKTepu3y-
BaJIHCA Jy)Ke IIHPOKHM crieKTpoM Bapitoanms pH (2.94-9.00), Bmicty obminnoro Al (0-770 Mr xr™),
BozoposurraHOro Mn (0-50 mr kr), Na (9-980 mr kr) ta cynbdaris (2196 Mr-exs kr'l), a Takox
Byrtento rymycoBux peuoBuH (0.012-0.886 %). BrumB nux yMOB Ha POCIMHHM BHBYAJIOCh 3a JIOIO-
MoOroro GiotecTy, B X0ai sikoro Hacinus mrenui (Triticum aestivum L.) mpoporyBanocst B gamkax
ITetpi Ha 3pa3Kax MIAXTHUX TOPi, CyOCTpaTiB i MONIOAUX IPYHTIB. BeraHoBIEHO, 110 HailbGibII 3HA-
YHUH HEraTUBHUH BIIMB HA 3POCTAHHS POCIHH B JIy)Ke CHIBHOKHCIHX yMoBax (PH<4.5) Ha BuiIyry-
BaHHUX 3pa3Kax MOJIOJIHX IPYHTIB crpuunHsie oOMiHHHi Al, 0JJHaK HOTro TOKCHYHICTH MOXe OYyTH 4ac-
TKOBO HEHTpalli3oBaHa r'yMiHOBUMH KHCJIOTaMH, HAKOIIMYEHHUMH B TIpolieci 3apocTanHs Binsaiie. Ha
CHJIHOKUCIIMX 1 3aCOJICHHX CyOcTparax Ha POCIMHH HETaTHBHO BIUIMBAIOTH TAKOXK BHCOKI KOHILICHT-
pauii Mn ta Na, 110 TOCHIIOIOTh TOKCHYHICTh IIAXTHUX IPYHTIB. B crmabokucnux 3paskax (pH 4.5—
6.0) roOBHUM HECTIPUATIMBHAM IJIs1 POCIUH (haKTOPOM MOXKYTh OYTH BHCOKiI KOHLEHTpAwil BOZOPO3-
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yuHHEX cyibgarie Mn ta Na, a B HelTpaibHuX 1 Jy>KHHUX — XJIOpHIiB, rojoBHuM urHoM NaCl. Ta-
KUM YMHOM, Haif0iJbIlla TOKCHYHICTh NPUTAMAaHHA HEIO/ABHO BiJCHIIAHMM IIAXTHHUM IIOPOJAM Ta
[IAXTHUM CyOCTparaM, 3 sKuX He Oyiu BUITyTryBaHi BOAOPO3YHHHI POAYKTH OKHCIICHHS cyib(iaiB. B
TOM ke yac CyOCTpaTH Ta MOJIOI IPYHTH 3 BIJIYTYBaHUX AUISHOK BiZIBaNiB XapaKTEePU3yBaUCs 3HAY-
HO MEHIIIOI0 TOKCHYHICTIO, 1[0 J03BOJISIE IPOBOUTH iX O10JIOTIYHY PEKYITHBAIII0 3 BUKOPUCTAHHIM
HaHOLTBII CTIMKHUX IO TOAIOHUX YMOB POCITHH-alI0DiTiB.

Krouogi cnosa: cynvghioni wiaxmui nopoou, cybcmpamu, IpyHmu, moKcuyHicms, 6iomecm.

. B. Kocrenko, H. E. Onanacenko, M. JI. HoBuikwmit
Huxumckuii 6omanuyeckuii cao — Hayuonanvhvlii Hayumovlil yeHmp

IMPUMEHEHHME BUOTECTA IJIA1 OHEHKH 5BOJIIOIWY TOKCUYHOCTHU
CVYIJIbO®UIHBIX ITAXTHBIX ITOPOM, CYBCTPATOB 1 MOJIO/JIbIX HIAXTHBIX ITOUB

CynbhumHble HOPOJIBI MAXTHBIX OTBaJIOB 3amanHoro Jlonbacca, a Takxke GOpMHUPYIOLIHECS HO-
clie MX OKHCIICHUS U JalbHelIel TpaHc(opManuy TEXHOTeHHbIE CyOCTpaThl M MOJIOJbIE ITOYBHI Xa-
PaKTepH30BAIHMCh OUYEHb IIMPOKHM CIIEKTpoM BapbupoBanus pH (2.94-9.00), coxepxanus oOMeHHO-
ro Al (0-770 mr kr'?), BogopactBopumMsix Mn (0-50 mr xr'), Na (9-980 mr kr™?) u cysdaros (2-196
MI-3KB KI'), a TaKKe yriepoaa ryMmycoBbix Bemects (0.012-0.886 %). Bmusuue >THX ycrnoBuit Ha
pacTeHHs U3ydYaloch MPH MOMOIIK GHOTECTa, B X0/1¢ KOTOporo cemena mirenuis! (Triticum aestivum
L.) npopamuBanucek B yamkax Ilerpu Ha oOpasiax mopon, cyocTpaToB M MOJIOJBIX MOYB. Y CTAHOB-
JICHO, YTO POCT PAcTeHUi B OYEHb CHIILHOKUCIBIX ycloBusaX (PH<4.5) Ha BbImenoueHHbIX oOpa3uax
MOJIOZIBIX TOYB MOJABEPIKEH HEOIAronpUATHOMY BIHSHHIO oOMeHHOro Al, o1HaKo ero TOKCHYHOCTb
MOXeT OBITh YaCTHYHO HEWTpaIM30BaHAa TYMHHOBEIMHU KHCJIOTaMH, HAaKOIUICHHBIMH B TIpoIecce 3a-
pacranus oTBanoB. Ha CHIIBHOKHCIIBIX M 3aCOJICHHBIX cyOcTpaTax TokcuuHoe Biusiaue Al ycnnusaer-
sl BRICOKUMHI KOHIIEHTPAIUsIMU BOAOPACTBOPUMEIX cynbdaroB Mn u Na. B cmabokucisix cyberpa-
tax (pH 4.5-6.0) ocHOBHBIMU HEOIAroNPHUATHBIMU IS PaCTeHHH (HaKTOpaMu MOTYT OBITH BBICOKHE
KOHLICHTPALMU BOJOPAcTBOPUMBIX cynb(aToB Mn u Na, a B HEHTpaJIbHBIX U IIEIOYHBIX — XJIOPHIOB,
rnaBubiM 06pazom NaCl. Takum o6pa3om, HauOoJIbIIass TOKCHYHOCTh NPHCYIA HEAABHO OTCHINAH-
HbIM IIAXTHBIM IIOPOZIAM, @ TaKXKe MIAXTHBIM CyOCTpaTaM, U3 KOTOPBIX HE OBUIH BBILIEIOYEHBI BOJO-
pacTBOpUMBIC NPOIYKTHI OKHCIEHHs Cyiab(unoB. B To jxe Bpemst cyOCTpaThl M MOJIOJIBIE TIOYBHI C
BBIIIEJIOYEHHBIX yYaCTKOB OTBAJIOB XapaKTEPU30BAINCH 3HAYNTEIHHO MEHBIICH TOKCHYHOCTHIO, YTO
HO3BOJISIET NPOBOAUTE MX OHOJIOTHYECKYIO PEKYJIbTHUBALMIO C MCIOJIb30BAaHHEM HambOojee yCTOHdH-
BBIX K TAaKHM YCJIOBHSIM pacTeHUH-arua0hIIIOB.

Kirouesslie cioBa: cynb(puIHbIE IIAXTHBIE TIOPOIBI, CyOCTpaThl, HOYBBI, TOKCHYHOCTH, OMOTECT.

Coal mine wastes newly extracted to the surface are characterized by high
skeleton contents, close to neutral pH and high soluble salts (mainly chlorides)
concentration. Exposed to the atmosphere, these materials undergo the pyrite
oxidation, decomposition of coarse fragments, acidification and mineral trans-
formation. The rate of mine wastes properties’ normalization and natural reveg-
etation depends much on the peculiarities of dump surface’s relief. It has been
shown (Kostenko, 2005) that the accumulation of leached fine earth in the de-
pressions between the hillocks at the unleveled surfaces of abandoned mine
sites promotes the successions of plants that’s accompanied with the gradual
accumulation of humus and minesoils formation. The leveled surfaces as well
as the slopes of hillocks remain open for decades due to unfavorable physical
(high skeleton contents, high density, low water holding capacity) and chemical
(extremely low or, on the contrary, extremely high pH and high soluble salts
concentration) conditions.

The role of exchangeable Al in the toxicity of acid sulfate soils including
minesoils is well-known. As these soils are exclusively the mineral soils which
contain only traces of organic mater (besides of coal debris) in topsoil of the
revegetated sites, the contribution of H-ions to the minesoils acidity are negli-
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gible and hardly detected. On our calculations the Al contributes up to 80-99
percents to the total minesoils acidity being therefor the main factor of these
soils toxicity. These values are typical for the acid sulfate soils of Texas that
was shown in the study of Carson (1983). The dominant forms of Al in acid
conditions (pH<5) are the trivalent Al species (Delhaize, 1995), so all of the Al
found in acid sulfate minesoils appears to be toxic for plants. Besides of ex-
changeable, the water-soluble Al in sulfates rich soil horizons was detected
which influence on plant growth should also be studied. The toxicity of acid
minesoils may be strengthened through the release of other than Al cations to
soil solutions, among which Mn, Fe, Cu, Zn, and Ni are commonly mentioned
(Barnhisel, 1969; Massey, 1972). It was found out in the preliminary researches
that the acid minesoils release only negligible concentrations of Fe, Cu, and Zn
to water extract and that the concentrations of these cations measured in am-
monium-acetate buffer extract (pH=4.8) are similar to those of the most
Ukrainian soils, so that these cations may be considered rather as nutrients than
as toxicants. Among potential toxicants besides of Al, only water-soluble Na
and Mn were found in the concentrations which theoretically can impede the
growth of plants on acid sulfate minesoils under study. Manganese toxicity is a
serious problem to many crops grown on acid soils when total Mn concentra-
tion greatly exceeds the average worldwide Mn concentration. In Hawaiian
Oxisol total Mn varied from 10 to 40 g kg™ (Hue, 2001, 2002) and the concen-
tration of Mn in the saturated paste extract reached 72 mg L™ at pH 4.25. To
avoid Mn toxicity for the sensitive species (beans, lettuce, potato, and roses), it
was proposed (Hue, 2001) to keep Mn concentration in the saturated paste ex-
tract below 0.5 mg L™ that responds to about 0.5 mg kg™ of soil. In soil Mn tox-
icity is alleviated by other nutrients, such as Ca, Mg, Si (Bot, 1990; Horst,
1978; Hue, 2001).

As for Na, no information is available on its behavior in acid sulfate
minesoils and its influence on plant growth because of the active leaching of
soluble salts under sufficient water supply and the precipitation of Na as water-
insoluble natrojarosite (NaFe3(SO4),(OH)g). Although Na is not commonly
mentioned as a toxicant in acid minesoils, with regard to the possibilities of
very young minesoils salinization it should be interesting to determine the level
that the concentration of soluble Na could reach in different age mine sites and
the toxic level of soil Na for plant growth.

The organic acids in acid soils produce the immobilizing effect on Al due
to chelating of Al that makes it inactive and unavailable for reaction with P
(Grenda, 2001, Haynes, 2001; Hue, 1986; Suthipradit, 1990; Tan, 1986). In
contrast, the organic acids produce the mobilizing effect on Mn (Grenda, 2001).
Applying of organic rich materials, such as cowpea green manure and
biosolids, significantly impeded plant growth according to Hue et al. (2001). It
was postulated that organic molecules could dissolve Mn oxides and maintain a
high level of Mn in solution. Thus, the role of humic acid both of a geogenic
and plant residues origin in alleviation of minesoils toxicity should be tested.

The bioassay is a wide-used method for the assessment of Al soil toxicity
and Ca deficiency in acid soils (Ahlrichs, 1990). It was important to examine the

ISSN 1684-9094. Ipynmosnascmeo. 2012. T. 13, No 3—4 67



validity of this method to discover the toxicity of other soil factors in minesoil.

The objective of this study is to find out and quantify the main factors of
the acid sulfate minesoils’ toxicity in mine sites differing in age, relief and time
since dumping, reveal the tendency of the minesoils’ toxicity evolution so that
to manage properly the detoxication of these lands to make them fit for low-
cost revegetation.

MATERIALS AND METHODS

A set consisting of 185 samples of acid sulfate substrates and minesoils
obtained from the surface of coal wastes dumps was selected for this study. Soil
samples were collected from 0 to 0.4-1.2 m depth on unleveled dump surfaces
at revegetated with herbaceous species or non-vegetated depressions, and at
non-vegetated slopes of hillocks. The age of the dump surfaces studied varied
from 15 to 20 years. Other soil samples were taken from the recently dumped
(1-3 years) and leveled mine sites. Newly extracted mine wastes were sampled
in day of dumping.

Samples were air dried, ground and sieved to the size <Imm. Soil pH was
measured in a 1M KCI solution at 1:2.5 soil/solution ratio by weight. Ex-
changeable Al (1M KCI extract at 1:25 soil/solution ratio) as well as water-
soluble Al species (1:10 soil/water ratio) after shaking for 1 h. were determined
colorimetrically with xylene orange. In water extract were measured also Mn
and Na concentrations by atomic absorption spectrophotometry and SO,> by
conductimetric analysis. Since the direct determination of humus in coal rich
minesoils through the measuring of C-total is impossible, the following proce-
dure was used for the humus substances’ determination: humic acids were ex-
tracted with the mixture of 0.1N NaOH and 0.1M Na4P,07-10H,0 (pH=13) at
1:10 soil/solution ratio after 20 hours extraction period (Kononova, 1961) and
measured colorimetrically after drying and digesting with the mixture of 0.4N
K,Cr,07 and conc. H,SO;,.

All of the samples analyzed were separated into leached and unleached ac-
cording to the water-soluble sulfates concentration. To leached it were referred
soil samples containing less than 3 me kg™ of SO4*.

Bioassay. Thirty uniformly sprouted seeds of wheat (Triticum aestivum L.),
after having passed 24h-germination period at 25 °C, were planted in the glass
petry dish filled with 20 g of soil. Before planting, soil was carefully moistened
with 10 ml of distilled water and equilibrated for 5 hours. Seeds were uniformly
distributed on the soil surface and covered with lids. After incubation in ther-
mostat at 23 °C for 72 h, the sprouts were carefully cut off and immediately
weighted. The total fresh weight of sprouts (TFWS) obtained for every dish
was used as an index of plant growth. A filter paper placed in dish and mois-
tened with 5 ml of distilled water was used as a control. Such a control was in-
cluded in every experiment comprising of 20-25 dishes. To make the results
comparable, the TFWS was expressed in percentage of the control. As a result,
the relative sprouts weight (RSW) was obtained and used for the further statis-
tical calculation (STATISTICA 5 software). The variability of RSW for five
replications did not exceed 7 %.
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Subsequent experiment 1. To determine the critical level of Na in soil solu-
tion, a special bioassay experiment for discovering Na toxicity has been con-
ducted. For this experiment, two soil sample with different chemical character-
istics were chosen. First of them was acid (pH=3.48), high in exchangeable Al
(276 mg kg™, and high in extractable C (0.226 %). The second soil sample was
neutral (pH=6.72) and about twice as low in extractable C (0.114 %). Every
sample was divided into six subsamples (1.0-1.5 and 2.0-2.5), placed in a petry
dish and moistened with increasing concentrations of NaCl (Table 3). At the
end of the experiment, soil samples were analyzed for pH, water-soluble Na
and Mn.

Subsequent experiment 2. To answer the question: Whether the water-
soluble Al appearing in soil solution of gypsum-rich acid sulfate minesoils is or
not toxic for plant, we took soil samples of topsoil (pH=3.48; Al exch.=202 mg
kg'; Cextr.= 0.226%) and subsoil (pH=3.44; Al exch.=142 mg kg;
Cextr.=0.066%). These samples were divided into subsamples and thoroughly
mixed with gypsum (Table 4) prior to be placed into petry dishes and planted as
described above.

RESULTS AND DISCUSSION

Minesoils properties. Consisting of shales, sandstones, and pyritic coal de-
bris and being exposed to the atmosphere, mine wastes undergo oxidation, min-
eral transformation, leaching of soluble products, fine earth accumulation, and
nutrient status formation so that they ultimately become a medium suitable for
plants. So, the properties of minesoils under study mainly depend on the time of
dumping, relief, soil density and the rate of revegetation. Freshly exposed to the
atmosphere mine wastes are neutral, very high in water-soluble Na as Na,SO,4
and NacCl, free of mobile Mn and Al, and very low in extractable C (Table 1).

Being compacted through the leveling by caterpillars, recently dumped mine
wastes were mostly high both in acidity and soluble salts concentration, but the
ratio between the soluble compounds varied depending on the time since dump-
ing and the depth. The soluble compounds distribution through the profile is not
yet typical to the more or less developed minesoils, thus their concentration in the
top 0-20 cm horizon often exceeds that in deeper layers (Table 1). The concen-
tration of extractable carbon of humic substances usually varies from 0.02 to
0.06 % except for one site with ten times higher C concentration (0.47 %). Alt-
hough during some time after dumping the concentrations of Na gradually de-
creased through leaching and the precipitating of natrojarosite, most of the
samples obtained from recently dumped and leveled mine wastes remained
high in soluble Na (Table 1). Unlike Na, Mn reaches its highest concentrations
in recently dumped wastes because the Mn released through Mn oxides de-
stroying by sulfuric acid is not leached out of soil profile non the less.

Naturally revegetated depressions between the hillocks are characterized
by the highest leaching of the soluble salt with additional runoff from the adja-
cent slopes (Table 1). Besides, the runoff removes the leached fine earth from
the slopes and accumulates it at the depressions, so that the skeleton contents of
these sediments in subsoil (10-30 %) become much lower than that of the sub-
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soil and of the adjacent slopes (70-90 %). The pH of these soils varied greatly,
but the concentration of the water-soluble toxicants (Na, Mn) was very low.
The chemical and physical properties of the revegetated depressions topsoil
suite those plant species which are acidophilic and tolerant to low fertility. The
decomposition of plant litter leads to the formation of humus horizon that has
the extractable carbon concentrations several times higher than that for the non-
vegetated sites.

Table 1

Mean values of the selected properties of acid sulfate minesoils and RSW of wheat
(Al exchangeable, Mn and Na water-soluble)

Number oH C extr. Al Mn Na RSW
Horizon | of sam-
nles min-max | mean % ma ka* %

Newlv extracted mine wastes

- 6 6.45-7.00 | 6.59 | 0.023+0.002 0 0 963+25 | 805

Recently dumped (1-3 vr.) and leveled mine wastes

Topsoil 20 3.25-8.00 | 3.67 | 0.095+0.108 | 150+180 | 20425 | 271+267 | 62+42

Subsoil 24 298-7.05 | 345 | 0.136+0.170 | 2284230 | 23+17 | 1954236 | 48+42

Reveaetated depressions

Topsoil 38 3.00-8.00 | 3.38 | 0.172+0.141 | 205+173 | 1.9+2.6 1949 94+31

Subsoil 30 294-7.78 | 3.64 | 0.11640.093 | 2324184 | 4.846.2 | 2312 | 80434

Non-vegetated depressions

Topsoil 3 3.08-3.37 | 322 | 0.073+0.041 | 464493 | 1.5+0.5 2712 37411

Subsoil 3 3.15-325 | 318 | 0.045+0.018 | 384450 | 0.640.2 2313 37+7

Slopes of hillocks

Topsoil 28 2.94-6.31 | 343 | 0.037+0.017 | 201+203 | 8+10 37467 | 74442

Subsoil 33 296-6.70 | 3.54 | 0.07940.043 | 2114271 | 8+10 31+49 | 67438

Being low in skeleton and leaching just as the minesoils of revegetated de-
pressions do, the minesoils of non-vegetated depressions also remain unsuitable
for plants for long enough period mainly because of the highest both acidity
and exchangeable Al concentration among the studied minesoils (Table 1).

The slopes of hillocks are characterized by the high variability in pH and
much lower leaching of soluble salts among which the gypsum is dominant
(Table 1). The topsoil concentration of the water-soluble Na and Mn, as com-
pared with the revegetated depressions, was more than twice and more than
seven times higher, respectively. The rate of these soils revegetation and humus
accumulation is very low.

Not only the exchangeable Al which is typical for acid soils at pH<4.5, the
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water-soluble Al was detected as well. Most often, the latter was found in
unleached soils samples, for which the Al maximum concentration reached 452
mg kg™ or 49 percents of the total amount of Al extracted with 1M KCI. In
leached minesoils, in spite of the exchangeable Al high contents, the concentra-
tion of water-soluble Al did not exceed 0.5-1.0 mg kg™. Analysis of these data
reveals the multiple correlation of the water-soluble Al to the concentrations of
water-soluble sulfates (mainly gypsum) and the exchangeable Al (R=0.90***;
n=43) presented at Figure 1, that enabled us to postulate that the water-soluble
Al is the Al substituted with Ca from gypsum in the water suspension. Never-
theless, we do not exclude the possibility of aluminum sulfates precipitation in
gypsum-rich soil horizons as those observed by Schaaf et al. (1999) in
minesoils of the Lusatian lignite mining areas.

AL water-soluble, mg kg !

550
450
350
250

150

2- -1 0 0
S04~ me kg AL extracted with KCL, mg kg

Fig. 1. Concentration of water-soluble Al in acid sulfate minesoils as a function
of Al extracted with 1M KCI and water-soluble sulfates concentration

A high water-soluble Mn concentration in minesoils was associated with
low pH (Figure 2), but this relation was not so definite as those obtained by
Hue et al. (2001) and Hue and Mai (2002) in Mn rich Hawaiian Oxisol. One
can see that pH controls the upper level of Mn solubility in unleached samples,
whereas the soil samples leached out of the soluble salts have a very low Mn
concentration regardless of pH. So, we can postulate that water-soluble Mn oc-
curs as MnSO, precipitating in acid sulfate soils due to Mn oxides being de-
stroyed by sulfuric acid that resulted in relation of water-soluble Mn to the con-
centration of water-soluble sulfates (r=0.62***; n=176). Easily soluble, this Mn
is leaching out of soil profile under sufficient water supply so that even highly
acid minesoils often contain only negligible concentrations of soluble Mn.

Results of bioassay. The bioassay reveal the tendency for the toxicity to
lower in the topsoil horizons relatively to the subsoil with except of the non-
vegetated depressions where both the topsoil and also subsoil horizons are ex-
tremely high in exchangeable Al, and the tendency for the toxicity to get lowest
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level in minesoil of the revegetated depressions as compared with the non-
vegetated slopes of hillocks and the recently dumped mine sites in spite of them
having close mean pH and exchangeable Al values (Table 1). As the sites main-
ly differ in their rates of leaching, the RSW obtained for leached and unleached
soil samples were separately plotted against pH (Figure 3). It is obvious, that
the RSW obtained for the soil samples, which are free of soluble salts and rela-
tively high in humus, could exceed 100 % (sprouts weight of control) at
pH=3.25 and higher in spite of high acidity and exchangeable Al high concen-
tration. At pH 4.2-4.5, RSW for these samples reached the highest values and
the further pH increasing did not influence wheat growth in our experiment. In
unleached and humus-free samples of minesoils, the RSW reached the highest
values only at pH about 5.0-5.25 when the concentration of exchangeable Al
goes down to 0. A large data scattering testifies the presence of some other soil
factors except of acidity and Al, that influence wheat growth as well. Partial
and multiple correlation (Table 2) reveal the significant influence of the ex-
changeable Al, water-soluble Mn, Na, and extractable C concentration on
RSW.
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Fig. 2. Concentration of Mn in acid sulfate minesoils as a function of soil pH

Table 2
Partial and multiple correlation coefficients for RSW and soil factors studied
Partial correlation with .
RSW n cgﬂrfellt.':llit)ilgn
Al Mn Na Coxtr
Total 185 | -0,77*** -0,49*** | -0,17* | 0,26*** 0,83***
Leached samples 80 -0.87*** -0.24* NS 0,35*** 0.89***
Unleached samples 105 -0,76*** -0,41*** NS NS 0,82***

NS - non significant at p-level <0.05

As it could be expected, the plant growth was inhibited by the exchangea-
ble Al (soil acidity) mainly, that‘s followed by water-soluble Mn and Na. Hu-
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mic acid positively influenced the growth of wheat. The separate multiple re-
gression for leached and unleached soil samples reveals the exchangeable Al
and the water-soluble Mn to be the common factors of minesoils toxicity pecu-
liar to all soils studied at low pH (Table 2). However, the Mn negative influ-
ence on the plant growth in the unleached soil samples was much significant as
compared with that in the leached samples. Humic acids promote plant growth
in the leached soil samples from depressions. The Na negative influence on the
plants growth for unleached soil samples was non significant. These results
confirmed the well known toxic effects of Al and Mn on plant growth in acid
environment as well as the positive effect of organic acids in aluminum toxici-
ty’s alleviation (Suthipradit, 1990). Na is not generally considered to be poten-
tially toxic element in acid sulfate minesoils due to the reasons mentioned
above. In a droughty zone (annual precipitation 477 mm) where leaching is re-
tarded, soluble Na can remain in soil profile for a long time along with Al and
Mn. Although Na was recognized as a possible toxicant in bioassay study, the
level of Na toxicity remains yet unknown. Through the subsequent experiment
1 it was found that despite of the fact that both of the sample groups were treat-
ed with the same concentrations of NaCl, the soil Na concentrations found in
the first sample group were higher than in the second one, that may be ex-
plained by their difference in soil’s buffering capacity. Treating the soils with
NaCl promoted the exchangeable Mn releasing to solution and gradual lower-
ing of pH in acid soil samples, whereas in neutral soil samples the pH lowering
turned into growing when concentration of Na reached 790 mg kg™. Plants re-
sponse to NaCl adding depended on minesoils properties. Under acid condi-
tions, the RSW has fallen below 90 % relatively to the untreated variant when
the concentration of Na in a soil solution exceeded 195 mg kg™ due to the com-
bined influence of soluble Na and exchangeable Al on plant growth. Under
neutral soil conditions, RSW has fallen below 90% relatively to the untreated
variant when the concentration of Na in a soil solution exceeded 250 mg kg™
(Table 3).
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Fig. 3. RSW as a function of pH in acid sulfate minesoils
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Table 3
Results of the experiment with NaCl added to minesoils

Na added Nfa H,0 Mn H,0 RSW as compar_ed with
ound untreated variants
Sample pH H,0
mg kg %
1.0 0 42 0 4.06 100
11 200 195 0.9 4.23 94
1.2 390 360 0.9 4.18 71
1.3 790 690 1.8 4.15 40
1.4 1570 1240 2.8 4.01 17
15 3150 2680 2.8 4.00 2.3
2.0 0 34 0 6.87 100
2.1 200 99 0 6.84 95
2.2 390 250 0.4 6.72 93
2.3 790 530 0.7 6.75 76
2.4 1570 1160 1.3 6.82 47
2.5 3150 2350 2.0 6.90 8

The lower toxicity of Na in neutral soils responds to a much lower plant
Na concentration for 1570 and 3150 mg kg™ of Na applied as compared to acid
soils (Figure 4), that is evidently connected with better supply of root medium
with Ca in neutral soil containing 10 meq 100g™ of exchangeable Ca that is 3.5
meq 100g™ higher than in acid soil. Kinraide (1998) suggested the importance
of Ca in alleviation of H, Al, and Na soil toxicity in wheat. So, we may con-
clude that Na (NacCl) toxicity gets evinced when the concentration of Na ex-
ceeds 200 mg kg™ in the acid minesoils unsaturated with respect to Ca. This
level is rarely exceeded in the topsoil of acid sulfate soils at the surfaces of the
mine land sites abandoned over 10 years ago. For these lands, the main sources
of soil toxicity are exchangeable Al and water-soluble Mn. The gradual accu-
mulation of humus promotes the lowering of Al toxicity and enhance the plant
diversity. The toxicity of Na (NacCl) in Al- and Mn-free neutral minesoils satu-
rated with Ca evinces itself when the concentration of water-soluble Na ex-
ceeds 250 mg kg™. Nevertheless, even further increasing of Na concentration in
this case does not produce such a negative effect on plant growth as on acid
soils. Water-soluble Na concentrations exceeding the levels of toxicity are typi-
cal for as recently dumped so as newly extracted mine wastes.

Another question to be answered: Whether the water-soluble Al appearing
in soil solution of gypsum-rich acid sulfate minesoils is or not toxic for plant?
For this reason a subsequent experiment 2 was conducted. Applying of gypsum
did not change pH, but resulted in drastic increasing of the water-soluble Al
concentration (Table 4) according to the above-mentioned dependence of the
soluble Al on the soluble sulfates and the exchangeable Al concentration . The
concentration of water-soluble Mn has increased but to a less degree as com-
pared with Al. Raising of the Al and Mn mobility has almost not changed RSW
of wheat that confirms the importance of CaSO, in alleviation of Al toxicity
through the formation of less phytotoxic AISO," species (Noble, 1988).
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Table 4
Results of the experiment with CaSO,-2H,0 added to minesoils
Sample Gypsum S0,% H,0 Al H,0 MnH,O | pHH,O RSW

added found

gkg? me kg™ mg kg %
1.0 0 7 0 0 4.06 95
1.1 2.5 53 35 4.1 3.95 85
1.2 5.0 69 8.2 6.0 391 79
1.3 10.0 116 20.0 6.4 3.96 74
1.4 25.0 276 39.0 4.9 3.94 84
1.5 50.0 300 41.0 4.8 3.95 80
2.0 0 18 0 3.2 4.00 82
21 2.5 56 5.3 10.8 4.01 86
2.2 5.0 73 8.0 12.2 3.98 94
2.3 10.0 133 17.0 12.2 4.00 75
2.4 25.0 289 35.0 10.7 3.99 91
25 50.0 299 32.0 9.3 4.01 89

1.0-1.5 — samples of topsoils;
2.0-2.5 — samples of subsoil.

The results of the bioassay have been compared with the results of our
previous field investigations on the natural revegetation of the abandoned mine
sites (Kostenko, 1999, 2005). According to the field researches, plant growth
starts in leached depressions if pH does not drop below 3.2. An average RSW
obtained for highly acid samples of minesoils (pH 3.21-3.29, concentration of
the exchangeable Al=282 kg™, Ceyx.=0.192 %) from depressions was 89+6 %
that permits us to accept this level of RSW as critical if the possibility of natu-
ral or artificial revegetation of the sulfide-containing mine wastes with acid-
resistant plant species is to be considered. It means that any attempt to revege-
tate those minesoils for which the RSW obtained in bioassay does not exceed
85-90 % fails most likely.
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CONCLUSION

The results of research have revealed three main factors of toxicity in acid
sulfate minesoils studied: exchangeable Al, water-soluble Mn and Na. The oc-
currence of these soil factors depends on the initial wastes’ pyrite concentra-
tion, time since dumping, dumping technique, and relief. In the range of pH
from 2.96 to 4.5, the mobile forms of Al suppress plant growth in the leached
soils of depressions; the mobile forms of Al and Mn suppress plant growth in
the slopes of hillocks; the mobile forms of Al, Mn, and Na suppress plant
growth in the soils of recently dumped and compacted mine wastes. In the
range of pH from 4.5 to 6.0 no factors of toxicity with respect to wheat were
found in the leached soils of depressions; the mobile forms of Mn were found
in the slopes of hillocks; the mobile forms of Mn and Na were found in the
soils of recently dumped and compacted mine wastes. At pH>6.0, plant growth
may be suppressed by high soluble Na in the soils of recently dumped and
compacted and newly extracted mine wastes as well.

Although many of soil samples obtained from the topsoil of the non-
vegetated slopes of hillocks were low in toxicity, these sites do not revegetate
mainly due to the unfavorable physical properties of their surfaces covered with
the stony crust preventing seeds to fix and germinate. It means that bioassay
applied is capable to discover the main chemical factors of acid minesoils tox-
icity, however to reveal another potentially adverse factors impeding the reveg-
etation of mine lands the researches should be accompanied with field investi-
gation of natural revegetation and physical properties of minesoils.

REFERENCES

Ahlrichs J. L., Karr M. C., Baligar V. C., Wright R. J. 1990. Rapid bioassay of aluminum
toxicity in soil. Plant and Soil 122, 279-285.

Barnhisel R. 1., Massey H. F. 1969. Chemical, mineralogical and physical properties of East-
ern Kentucky acid-forming coal spoil materials. Soil Science 108 (5), 367-372.

Bot Le J., Goss M. J., Carvalho M. J., Beusichem van M. L. and Kirkby E. A. 1990. The
significance of the magnesium to manganese ratio in plant tissues for growth and alleviation of man-
ganese toxicity in tomato (Licopersicon esculentum) and wheat (Triticum aestivum) plants. Plant and
soil 124, 205-210.

Carson C. D., Dixon J. B. 1983. Mineralogy and acidity of an inland acid sulfate soil of Tex-
as. Soil Sci. Soc. Am. J. 47, 828-833.

Delhaize E., Ryan P. R. 1995. Aluminum toxicity and tolerance in plants. Plant Physiol. 107,
315-321.

Grenda A., Badora A. 2001. The influence of aluminium and manganese toxicity in the soil
on the bio-accumulation of Al and Mn in two cultivars of wheat (Triticum aestivum L.). In Plant nutri-
tion-Food security and sustainability of agro-ecosystems. Eds. W J Horst et al. pp 522-523. Kluwer
Academic Publisher, Dordrecht.

Haynes R. J., Mokolobate M. S. 2001. Amelioration of Al toxicity and P deficiency in acid
soils by additions of organic residues: a critical review of the phenomenon and the mechanisms in-
volved. Nutrient Cycling in Agroecosystems. 59, 47-63.

Horst W. J. and Marschner 1978. Effect of silicon on manganese tolerance of bean plants
(Phaseolus vulgaris). Plant and Soil 50, 287-303.

Hue N. V., Craddock G. R., Adams F. 1986. Effect of organic acids on aluminum toxicity in
subsoils. Soil Sci. Soc. Am. J. 50, 28-34.

Hue N. V., Vega S., Silva J. A. 2001. Manganese toxicity in a Hawaiian oxisol affected by soil
pH and organic amendments. Soil Sci. Soc. Am. J. 65, 153-160.

Hue N. V., Mai Y. 2002. Manganese toxicity in watermelon as affected by lime and compost
amended to a Hawaiian acid oxisol. HortScience 37(4), 656-661.

76 ISSN 1684-9094. Ipynmosnascmeo. 2012. T. 13, Ne 3-4



Kinraide T. B. 1998. Three Mechanisms for the Calcium Alleviation of Mineral Toxicities.
Plant Physiol. 118 (2), 513-520.

Kononova M. M., Belchykova N. P. 1961. Rapid method for the determination of humus
composition in mineral soils. Pochvovedenie 10, 75-87.

Kostenko 1. V. 1999. Peculiarities of pedogenesis on the mine rock wastes heaps in Western
Donbass. News of Agrarian Science 4, 15-18.

Kostenko 1. V., Opanasenko N. E. 2005. Soil Formation on sulfide mine dumps in the West-
ern Donets basin upon their overgrowing. Eurasian Soil Science 38 (11), 1205-1213.

Massey H. F., Barnhisel R. I. 1972. Copper, nickel, and zinc released from acid coal mine
spoil materials of Eastern Kentucky. Soil Science 113, 207-213.

Noble A. D., Sumner M. E., Alva A. K. 1988. The pH dependency of aluminum phytotoxicity
alleviation by calcium sulfate. Soil Sci. Soc. Am. J. 52, 1398-1402.

Schaaf W., Gast M., Wilden R., Scherzer J., Blechschmidt R. 1999. Temporal and spatial
development of soil solution chemistry and element budgets in different mine soils of the Lusatian
lignite mining area. Plant and Soil 213, 169-179.

Suthipradit S., Edwards D. G., Asher C. J. 1990. Effects of aluminium on tap-root elonga-
tion of soybean (Glycine max), cowpea (Vigna unguiculata) and green gram (Vigna radiata) grown in
the presence of organic acids. Plant and Soil 124, 233-237.

Tan K. H., Binger A. 1986. Effect of humic acid on aluminum toxicity in corn plants. Soil
Science 141 (1), 20-25.

Pexomennye 1o apyky Haoitiwna 0o peoronezii 05.11.12
I. X. V36ex

ISSN 1684-9094. Ipynmosnascmeo. 2012. T. 13, No 3—4 77



	I. V. Kostenko, N. E. Opanasenko, M. L. Novitsky
	Nikita Botanical Gardens – National Scientific Center
	Key words: sulphide mane wastes, substrates, minesoils, toxicity, bioassay.
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION

	Minesoils properties. Consisting of shales, sandstones, and pyritic coal debris and being exposed to the atmosphere, mine wastes undergo oxidation, mineral transformation, leaching of soluble products, fine earth accumulation, and nutrient status for...

	Na
	Horizon
	Slopes of hillocks
	Results of bioassay. The bioassay reveal the tendency for the toxicity to lower in the topsoil horizons relatively to the subsoil with except of the non-vegetated depressions where both the topsoil and also subsoil horizons are extremely high in exch...
	CONCLUSION
	REFERENCES

	RSW
	Mn

	Na
	Total
	-0.24*
	NS
	NS
	0,35***
	NS


