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Black locust, honeysuckle (Lonicera sp.). and smooth brome {Bromus inermis)
were planted.

Plant inventories at ladd, Standard, and Spring Valley were conducted by
dividing cach pile into octants, thoroughly searching each octant, and recording all
species encountered. The point-intercept method (States et al., 1978} was used to
sample the extensively revegetated Wenona site. Woody vegetation wus recorded
along the transect; herbaceous vegetation was surveyed in rectangular plots (3 x 1
m) at predetermined intervals of 15 m. The inventories were carried out twice
during May through Augustin 1982, and once during June of 1983. Specimens for all
species encountered were pressed, dricd, and deposited in the Hlinois Natural
History Survey herbarium. The nomenclature of Mohlenbrock (1975) and Hitch-
cock (1951} was followed.

The chemical! and physical analysis of the mine wastes was conducted by
dividing cach of the four sites into quadrants. Eight samples were collected ata 10
cm depth from each guadrant between 2 1o 3 m abhove the line of vegetation, a total
of 32 samples per site. Soil water potential was determined frow samples taken ata
depth of 5 ¢m. The samples were ground to pass through 60-mesh.

Soil water potential was dctermined with a thermocouple psychroweter
within 24 hours of sampling. Soil-moisture release curves were obtained by wetting
the mine waste to saturation and allowing it to dry at room temperature. After a 24
hour equilibration peried, percent moisture was determined hy drying the waste at
100°C to constant weight.

Electrical conductance and pH measurements were made on waste material in
suspension. Wastes were ground until they could pass through a 680-mesh screen and
were then mixed 1:1 by weight with distilled water. Readings were taken after 24
hours (Sobek ot al., 1978).

In order to determine the lime requirement of the inine wastes, the wastes were
incubated with 0.04 N Ca{OII); and a few drops of chloroform {Sobck ctul., 1978}
Lime requirements were then determined by adjusting the pll of the waste to pli
6.5,

Total nitrogen of the samples were determined by the Kjeldahl method
(Bremner, 1965}, Digestion was for 60 minutes with concentrated H,580),, in the
presence of the catalysts IHgQ? and K,S0,. The ammonium ion produced by this
oxidation was determiined by making the solution strongly ulkaline and distilling the
anuuonia into borie acid and back-titration with H.8C0,,

Prior to cation analysis, samples were shaken on a rotary shaker for 1 honr and
extracted with 0.05 N HCT and 0.05 N 11,50, (Perkin-Elmer, 1976). Analysis was by
direct-reading emission spectrophotometry with an inductively-coupled argon
radio-freguency plasma torch source unit. Accuracy was determined by means of
matrix-matched standards, which were run after every sixth sample. Limits of
detection for the various elements were (mg/kg): Al 1.30, Be 0.053, B 0.10, Cd 0.15,
Ca0.18, Co0.13, Cu0.18, Fe 0.53, Mg 0.15, Mn 0.13, Ni, 0.35, P 2.03, K 2.90, 51 0.70,
and Zn 0.28. Extraction of Hg was with HCI:HNO; (1:1, v/v) in the presence of
K3S:04 and KMnO, {Jacobs and Keeney, 1974). Reduction of I1g to its vapor form,
which was trapped as an arnalgam on an activated silver wool plug, was with SrCl
(Long et al., 1973). The limit of detection was 5.0 ug/kg.
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Vegetation patterns by slope aspect for all sites except Wenona showed higher
numbers of species for northern and eastern than for southern or western aspects
{Table 2}. Dricr conditions due to higher solar irradiation and higher temperatures
on southern and western slopes, conditions that were also found on North Dakota
sites by Bares and Iverson (1984), probably contributed to the reduction in species
numbers and cover. Species richness was five times greater on lower slope positions
than on upper positions, & finding that relates to the availability of moisture as well
as to the proximity of seed sources {Table 3).

The mine waste wus generally of two types, 4 gray material and a red material.
The gray material was the less altered, busically retained the eriginal color, and
consisted largely of shale, elay, and some pyritic material (Bradford, 1983}, The red
material resulted from oxidation of the gray waste, a process that also produced
yellow to brown malerial. The gray waste was more acidic and saline than the red
material {(Tahle 4). Both types of waste had similar levels of Al but the gray spoils,
had higher levels of Fe and Mg. N and P levels were higher in the oxidized red
waste.

Spoils at the barren sites had the lowest pII values, 3.3 at Spring Valley and 3.7
at Standard (Table 5). These acidities are usually toxic. The partially revegetated
Ladd mine spoil had a pI1 of 3.8; the completely revegetated Wenona site had a pII
of 5.0. Lime requirement and electrical conductance showed similur trends; spoils
from the two barren sites had the highest liine requirement and conductance; the
vegetated site at Wenona had the lowest (Table 5). The Al level at Spring Valley
was twice (042 mg/kg that of the Wenoena spoils (483). This level in combination
with the high acidity at Spring Valley probably resulted in Al toxicity of sensitive
plants (Byrnes et al., 1980). Hligh Al levels also complicates susceptibility to water
stress, since root growth in many soils will be restricted by the Al Boron, Co, Fe,
and Mg werc in general also higher in spoils from the poorly vegetated mine sites;
conversely Ca, 7n, K, and N were higher in the material from the revegetated site.
Nitrogen was well below the minimum requirement for plant growth at the twoe
barren and one partially vegetated sites (Hewitt and Smith, 1974). Phosphorus,
another intportant plant nutrient, was low: at all sites including the vegetated site at
Wenona. Mercury, a very toxic heavy metal, was below 40 ppb at all sites.

Soil pH has a direct etfect on the availability of nutrients. Acidity reduces the
availability of P, Ca, Mg, K, and Mo, and increases the availability of Mn, Al Fe and
certain other ieavy metals {(I'ruog, 1951); the latter often leads to uptake by plants
in toxic quantities {Jackson, 1967). Low soil pIl also creates an unfavorable biotic
environment.

‘The amount of moisture that is available to a plant depends on the relationship
between soil water potential and plant water potential (Mcidner and Sheriff, 1976).
The percent of soil moisture is a direct measure of available water: however, it does
not indicate the force required by the plant to remove that moisture from the soil.
Soil water potential refers to this force, and Figrure 2 shows the relationship between
percent moisture content and its water potential for mine waste from the Standard
site. To provide a point of reference, Figure 2also shows the moisture-release curve
for clay loam and sand. In general, the mine waste had a fair pereentage of moisture
but lost that water rapidly during drying, much as sand does; that is, the waste was
quite “wet” after a rain but dried ont rapidly.

Probably the most critical limiting factor for plants on the abandoned mine
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especially when the soil pH is nearly neutral. Salinity of the mine waste was at
moderate levels and should in general nol create special problems, with the excep-
tion of a few areas surrounding seeps. The mine waste was low in plant nutrients,
and the application of fertilizers is required for adeqguate plant growth. The addi-
tion of organic matter would alse improve the condition of the soil. To achieve
minirnum reclamation, the application of lime and fertilizer is necessary. The area
must also be seeded with an appropriate species mix and mulched to conserve
moisture during the critical period of plant establishment. A more extensive ap-
proach would include reduction of slope stecpness, the installation of water-
harvesting or water-supplving mechanisms, and the addition of organic material.
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‘Table 1. Vegetation characteristics of four abandoned mine sites. Mean of eight
replicates (the eight cardinal directions of the pile), including hoth
upper and lewer positions of the slope.

Average number of species
per quadrant location

Spring

Valley Standard Ladd  Wenona P
Total species 4.62 16.30 13.1k H.4e <{.001
Woody species I.5% 3.00 5.5¢ 1318 =0.001
Forbs 192 9.0b 6.50 18.9¢ <0.001
Grasses 0.9 2.3be 1.1he 2.4¢ =0.001
Weedy species 1.9 8.0be 5.8b 9.8¢ =0.001

Values followed by the same letters within a row do not differ significantly using
Tukey’s HSD test.
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Table 2. Vegetation characteristics by aspect for Spring Valley, Standard, and
Ladd sites. The Wenona site was excluded from this analysis because it
was completely vegetated. Each number represents a mean of nine

replicates.
Average number of species per aspect

N NE E SE 5 SWoow NW P
Total species 02« 89ab [1.80 Kb THab 5 gab 500 486 <005
Woody species 380 3 53+ 27sb 394 gk 130 120 <001
Forbs 4.7+ 46~ 4.1 37T+ 404 244« 370 2.6+ NS
Grasses 1.8 1.0+ 23 20~ 120 16+ 09* 10+ N§
Weedy specics 4.3 3.9 49 460 417 29 300 228 <005

Values followed by the sane letters within a row do not vary significantly using
Tukey’s HSID test.

Table 3. Vegetation characteristics by position for Spring Valley, Standard, and
Ladd sites. The Wenona site was excluded from this analysis hecause it
was completely vegetated. Each number represents a mean of 24 repli-

cates.
Average number of species
per position
Upper Lower P
Total species 2.1 10.6 =0.001
Woody species 0.7 37 =0.001
Forbs 0.5 4.6 =0.001
Crasses (.6 2.4 =0.01
Weedy species 1.0 49 =0.001

Values within each row differ significantly using Tukey’s HSI) test.
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Table 5. Chemical characteristics of spoils from the four minc sites. Each number
represents a mean of eight replicates, except for lime requirement,
which is based on four replicates.

Spring
Valley Standard Ladd Wenona P
pll 3.33 3.70= 350 4.93h =0.001
Lime requirement
(tons/1,000 tons) 8.65 7.13 7.58 4.68 NS

E.C., mmhos/cm 2.404 1.53ab ().85be 0.13¢ =0.001
Al mg/kg 942.00 531.0t 756.0:b 485.0b =0.001
Be, mg/kyg 0.07 (.06 0.10 0.11 NS
B, mg/kg 0.67 0.69+ 0.632 0.24b =0.01
Cd, mg/kg 0.14s 0,122 0.15 0.40b <0.001
Ca, mg/kg 1013.0 1202.0 787.0 1507.0 NS
Co, mg/kg 1.242 0.49 0.33k {(.34b =0.001
Cu, mg/kg 1.28« 0.67° 1.17a (.32¢ =0.001
Fe, mg/kg 73.9ab 132.64 56,9:b 5.9k NS
Hg, ug/kg 33.5 37.8 29.7 36.2 NS
Mg, mg/lgr 574.08 326.0 131.0b 264.0b =0.001
Mn, mg/kyg 41.62 23,54 14.3b 33.6:b <(.05
N, mg/kg 905.02 597.0a 952.0% 2360.00 <0.001
Ni, mg/kg 3.42 1.70 L.Ob 1.5b =0.001
P, mg/kg 08 4.0 74 2.2 NS
K, mg/kg 418.02 446.0¢ §74.04 15381.0b =0.001
Si, mg/kg 43.72 57.3:b 73.90 106.9¢ =0.001
Zn, mg/kg 4.8 3.54 3.72 20.9v <0.001

Values followed by the same letters within u row do not vary significantly using
Tukey’s HSID tost.
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APPENDIX

Sprecies List of Vascular Plants for the Study Sites

Species

Spring

Valley Standard T.add

Wenona

Acer negundo L.

A, saccharinum 1.,

Achitlea millefolium L.
Agropyron repens (L.) Beauv.
Agrostis alba L.

A, hyemalis (Walt.) B.§S.A.
Atlanthus altissima (Mill) Swingle
Ambrosia artemisiifolia L.

A. trifidae L.

Antennaria plantaginifolia {L.) Richards
Arctium minus (Hill) Bernh,
Asclepias syriaca L.

A. verticillata 1.

Aster pilosus Willd,

Atriplex sp.

Atriplex patula L.

Bidens frondosa L.

B. vulgata Greene

Botrychium dissectum Spreng.
Bromus commutatus Schrad.

B. inermis Levss.

Catalpa bignonioides Walt,
Celtis occidentalis L.
Chenopodium album L.
Cichorium intybus 1.,

Cirsium discolor (Muhl,) Spreny.
C. vulgare (S8avi) Tenore
Commeling communis 1.
Convoluulus arvensis L.
Dactylis glomerata L.
Danthonia spicafa (1..) Beaur.
Daucus carota L.

Digitaria Sanguinaelis (1) Scop.
Echinochloa pungens (Poir.) Rydh.
Elgmus canadensis 1.
Erechiites hieracifolia (1..) Raf.
Fupatorium altissiznum 1.

E. rugosum Ioutt,

Euphorbia spp.

Euphorbia helioscopia L.
Fragaria virginiana Duch.
Fraxinus americana L.

+
+

+ + + +

+ + + + +

+

+ + + + + o+

+ + + + +

+
+

+

—+

_I_
+

+ *

+ + + +

+ + + + o+

+ + + + +

+ + + + + + +



F. pennsylvanica var.
subintegerrima (Vahl) Fern.

Geum laciniatum Murr.

[lackelia virginiana (L.} 1. M. Johnston

Helianthus anmus 1.

Hordeum jubatum 1.

Inomoea batatas (L) Lam,

Juncus tenuis Willd.

Juniperus virginiana L.

Luctuea spp.

f.. flovidana {1,)) Gaertn.

.. serriola L.

Lonicera spp.

Maclura pomifera (Raf.) Schneider

Mulus pumila Mill.

Medicago lupulina L.

Melilorus alba Desr.

M. officindalis (L.} Lan.

Mentha arcensis L.

Mirabilis nyctaginea (Michx.) MacM.

Morus rubra L.

Nepeta cataria L.

Oenothera Diennis L.

Oxalis stricia L.

Panicum capillare L.

P. dichotomiflorum Michx,

P. virgatum L.

Parietaria pennsylvanica Muhl,

Parthenocissus quinguefolia (1..) Planch.

Phlewm pratense 1.

Physalis subglabrate Mack. & Bush

Phytolacca americana 1..

Plantago lanceolata L.

Poa pratensis ..

Polygonum sp.

Polygonum aviculare L.

P. lapathifolium L.

P. pensyleanicum L.

P. pensylvanicum var, laecigatum Fern,

Populus deltoides Marsh.,

P. grandidentate Michx.

Patentilla sp.

Prenanthes alba L.

Prunus seroting Ehrh.

Pyrus communis L,

Quercus macrocarpa Michx.

Q. velutina Lam.

Ribes cynosbati L.

+ + + +

+

+

+ 4+ + + + + + o+ + + + + 4+

+
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+

R. missouriense Nutt,
Robiniu pseudoacacia L. + +
Rosa carclina L.
R. multiflora Thunhb.
Rubus spp.
Rumex acetosella L. +
R. aliissimus Wood
R. crispus L.
Setaria faberi Herrm. + +
Silene cucubalus Wibel
Solanum americanum Mill. +
8. dulcamara L.
Solidago canadensis 1. + + +
S. graminifolia (L.) Salish. +
S. funcea Ait, +
8. nemoralis Ait. + +
S. rigida L. +
8. speciosa Nutt. +
Sonchus asper (L.) 1Ll +
Symphoricarpos orbiculatus Moench. +
Taraxacum officinale Wiggers + + +
Toxicodendron radicans (L.} Kunze + +
Tragopogon dubvius Scop, +
Trifolinm pratense 1. + +
Ulmus americana L. +
L. pumila L. + +
U. rubra Muhl + +
Verbena bracteata lag. & Rodr. +
V. urticifolia 1. +
Viburnum opulus L.
Viola spp.
Vitis riparia Michx. + +
Xanthium strumarium var.

canadensis (Mill.) Torr. & Cray +
Totals {122 species on all sites) 42 34 39 7l

+ + + + +
+ +
+

+ + + +

+ + + + +

+
+

+

+ 4+ + +




Fig. 1. Location of Illinois study sites: Spring Valley (§V), Standard (8), Ladd (L), and Wenona (W),
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