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INTRODUCTION

Commercial mining of lignite im North Dakota
began to increase in the early 1960's in response
to the increased demand for energy and the de-
clining supply and increased costs of other sources
of fossil fuels. The Fort Bnion formation lo-
cated in Montana, Yorth Dakota, South Dakota and
Wyoming, has been estimated to contain more than
40 percent of the total United States coal re-
serves. Strippable reserves in western North
Dakota are estimated to underlie as much as 1.8
million acres. A general discussion of North
Dakota lignite reserves and development potential
has been given by Dalsted and Leistritz (1974).

Initial attempts to revegetate leveled spoils
were generally successful only on nonsodic spoils
(Power et al., 1974). This led to experiments on
highly sodic spoils in which varicus chemical
treatments, mulches and topsoil replacement were
compared. It soon became apparent that even 5 cm
of topsoil markedly increased vegetative estab-—
lishment and dry matter production. These experi-
ments showed that reclamation success would be
directly related to chemical and physical charac-
teristics of the underlying spoil materials and
the amount and quality of soil materials. available
for replacement. The purpose of this review is
to evaluate published and unpublished research
relating to the depth and qualiry of topsoil and
subsoil needed for successful reclamation of North
Dakeota strip-mined lands. Much of the material
was extracted from Doll, Merrill, and Halvorson
{1984).

Most of the lignite reserves in North Dakota
are located in the Bullion Creek and Sentinel Butte
formations of the Fort Union Group and consist
of alternating layers of lignite, soft shales,
silts and some sands (Sandoval et al., 1973).

Soils in the area are derived from these Fort
Uniou geologic materials, from overlying glacial
till or from alluvial or aeolian deposits,

Sandoval et al. (1973} reported that mine-
spoils derived from the Fort Uniom geologic
materials.are frequently fine-textured, with clay
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contents as high as 40 percent. Smectite is the
predominate clay mineral. Sandoval et al. (1973)
and Schroer (1976 and 1978) reported that these
overburden materials tend to be nonslaine tro
moderately saline (EC below 8) but are often sodic
(SAR above 20). However, the sodium content is
variable with SAR values varying from 2 tro 70. In
some areas, the Fort Union stratified materials are
overlain by glacial drift and/or acolian materials.
These materials are generally low in soluble salts
and sodium but are occasionally coarse-textured
with a low water-holding capacity.

Schroer (1976 and 1978) analyzed several hun—-
dred overburden samples for various rhysical and
chemical properties and noted that these prop-
erties varied widely with depth both within and
between mine areas. Because of this wide variation,
he stated that site sampling will be needed at each
mine or permit location to assess pertinent prop-—
erties so that the appropriate reclamation procedure
can be developed. He also sampled and analyzed
reshaped spoils at four mine sites and noted that
the resulting properties of the reshaped spoils
could have been predicted from pre-mine overburden
sampling. The most important scoil properties are
sodium content, salinity, clay content and kinds
of minerals. The water-holding capacity is de-
pendent upon these properties.

TOPSOIL AND SUBSOIL DEPTH EXPERIMENTS
Initial Experiments on Topsoil Replacement

The earliest work on vegetative reestablish-
ment in North Dakota compared replacement of top-
soil with applications of chemical amendments and
straw mulch (Sandoval et al., 1973; Power et al.,
1974; and Power et al., 1975). Typical results
indicate that while gypsum applied to sodic spoil
inereased production, much higher yields were
cbtained when 5 cm of topsoil was applied (table
1). Straw mulching increased vegetative produc—
tion both on topsoiled and nontopsoiled plots.

Identical experiments were initiated in 1973
at four mine sites (Merrill et al., 1983b) in which
each of two topseil applications (none or 30 cm)
was combined with each of two gypsum treatments
(none or 22 tons per ha). At the highly sodic Zap
site, average yields from 1975 to 1978 without
topsoll were less than half of yields when topsoil
was applied (table 2). Gypsum had litrle effect
on ylelds at Zap on either the no topsoil or top-
soiled treatments. On the moderately sodic Beulah
and Stanton sites, gypsum did not affect yields on

1985 pp 232-241

[htips://dol.org/10.Z1000/JASMKeoU1UZ52



Richard
Typewritten Text
Proceedings America Society of Mining and Reclamation, 1985 pp 232-241
 DOI: 10.21000/JASMR85010232 


rbarn
Typewritten Text
https://doi.org/10.21000/JASMR85010232


Table 1. Slender wheatgrass yields as affected
by chemical amendments, straw mulch, and
topsoil application on highly sodic spoil
(Power et al., 1974).

Dry matter yield

No topsoil. Two inches topsoil
Amendment No straw Straw No straw Straw
kg/ha
None 0 71 678 1437
Gypsum 254 354 1031 835
Sulfur 53 69 1042

1777

the topsoil plots in the 1975-78 period; however,
when gypsum was applied to the plots which were not
topsoiled, yields approached those on the topsociled
plots. On the nonsodic Center site, average yields
from 1975-78 were not affected by gypsum, but
yields tended to be higher when topsoil was applied.
In 1983, yields at each location were much lower
than yields for the 1975-78 period, partly because
of climatic¢ and stand differences and partly be-
cause nitrogen fertilizer was not applied after
1978. MNo consistent yield differences due to gyp-
sum were apparent in 1983 at any site except
possibly at Stanton. However, 1983 yields obtained
10 years after topsoil was applied tended to be two
or three times as large as when ne topsoil was
applied. These results emphasize the need for re-
spreading topsoil, since neither stands or yields
were maintained when only gypsum was applied.

An additional experiment was initiated in 1972
to compare yields on a sodic (SAR 25), silty clay

loam spoil to which O, 5, 15, and 30 cm of topsoil
had been applied. Each year yields. were higher

Table 2.

topsoil and gypsum.

“torum (Fisch.) Schult.] at each site.

Average crested wheatgrass yields from 1975-78
and yields for 1983 at four mines as affected by

when 30 cm of topsoil was applied, but the rate

of yield increase indicated that maximum yields (
were not obtained at the 30 cm depth even with
adequate fertilization (Ries et al., 1978). Yields
at this site declined as the experiment progressed.
Part of this yield depression was attributed to
upward movement of sodium from the spoil into the
overlying topsoil (Sandoval and Gould, 1978).

In ancther experiment at the Knife River Mine
yields of wheat and corn were compared on a site
with moderately sodic spoil material to which 5, 15
30, and 60 cm of sandy loam topsoil was added.
Yields of wheat and corn silage were highest on
60 cm of topsoil in the first twe years. By the
fifth and sixth years yields from plots with 30 cm
of topsoil were higher than those with 60 cm. The
low. water~holding capacity of sandy loam is be-
lieved to be partially responsible for yields on
60 cm of topsoil not exceeding those on 30 em in
the last two years of this study.

Region-Wide Experiments

Fifteen wedge~type plots were constructed at
surface coal mines in Wyoming, Montana, and North
Dakota in 1977-1980 (Barth and Martin, 1984). Top-
s0il depth at a uniform gradient ranged from 0 to
152 cm. The spoil was considered representative of
the site and topsoil was obtained from existing
topsoil stockpiles at each location. The plots wexn
seeded ‘to native and introduced grasses which in-
cluded 'Nordan' crested wheatgrass [Agropyron desed

The response pattern of cool-season grass prod
duction to increasing topsoil depth was dependent
on the physical and chemical characteristics of thg

1 Average
SAR No topsoil Topsoil relative
of No 2 No yield
Mine 5poil Year Gypsum Gypsum” . Gypsum Gypsum~ w/o topsoil
———————————— tons/acre b
Center 1 1575-78 3.6 2.9 3.8 4.0 B4
: 1983 0.9 0.4 1.6 1.8 37
Beulah 11 1975-78 2.0 2.5 2.3 2.5 90
1933 0.7 0.7 1.3 1.3 55
Stanton 12 1975-78 2.0 2.5 2.5 2.7 84
1983 0.2 0.4 1.1 1.6 27
Zap 27 1975-78 0.93 0.7 1.6 1.8 47
1983 —_— — 1.3 1.8 -

;30 cm of topsoil applied

222 tons per ha of gypsum applied to spoil before

topsoiling

3no yields obtained due to loss of stand

—2 2%
e o)




spoil (Barth and Martin, 1984). Spoil was classi-
fied as sodic, acid, generie, or soil-like.

Sodic spoil had pH values >8.0, SAR values
from 25 to 81, and low rates of water infiltration.
Production of perennial grasses increased as top-
s0il depth increased to a depth of 71 cm. Little
change in production occurred on topsoil depths
greater thanm 71 cm.

Acidic spoil was characterized by pH values
ranging from 3.6 to 4.3. Production of perennial
grasses increased linearly as topsoil depth in-
creagsed to the maximum depth of 152 cm. In the
region of Wyoming where these acidic sites were
located forage production of 85 g m~2 was con-
sidered indicative of good range condition.and this
level of production was achieved on 97 .cm of top-
soll over acid spoil.

Generic spoil lacked distinguishing charac-
teristics such as acidity or sodiecity and differed
from soil in terms of origin, biological activity,
and ability to support plant growth. Perennial
grass production increased with topsoil depth to a
topsoil depth of 50 cm. No real increase in pro-
duction occurred at topsoil depths greater than
this.

S0il-like spoil was mildly alkaline, low. in
soluble salts, carbonaceous material, and heavy
metals and was silt loam in texture. WAlthough
highest production of perennial grasses was ob-
tained when spoil composed the entire growth
medium, forage production was basically un-
related to topsoil depth.

Stanton Wedge Experiment

The details of an experiment constructed in °
1974 at the Glenharold Mine at Stanton, North
Dakota have been reported by Power et al. (1981,
Subsoil was shaped into a wedge varying in depth
from 0 to 2.1 m over sodie spoil, Topsoil depths
of 0, 20 and 60 cm were spread over the subsoil
wedge so that each topsoll treatment extended over
every depth of subsoil. A fourth treatment con-
sisted of subsoil and topsoil mixed in a 3:1
ratio during construction of the subsoil wedge.

As reported by Power et al. (1981), alfalfa
yields tended to increase as the subsoil depth
increased to 71 or 91 em (Table 3). Highest yields
were obtained when topsoil was placed over subsoil,
but no increases in yield were noted when depth of
topsoil increased from 20 to 60 cm. Maximum
yields were obtained when 20 inches of topsoil was
placed over 71 cm of subsoil, giving a total soil
replacement depth of 91 c¢cm. When topsoil and
subsoil were mixed, yields were similar to those
obtained with subsoil alone, except at the 91 to
152 cm thicknesses. Yields on the other treat-
ments generally tended to decrease at subsoil
thicknesses above 71 cm.

When no topsoil was applied, crested wheat-
grass yields were highest at subsoil depths of
71 to 91 cm (table 4) but were always lower than

Table 3. Average alfalfa yields (1976-79)
as affected by thickness of soil
materials at the Stanton wedge experi-
ment (Power et al., 1981).°

Subsoil  Topsoil depth {cm) Mixed
Depth 0 20 60 Subsoil~
topsoil
em —==—=-tons /ha=-——=—
10 0.69 1.39 1.41 0.47
30 1.19 1.66 1.77 0.85
51 1.39 1.97 1.97 1.30
71 1.50  2.24 2.11 1.57
91 - 1.30 2.15 2.02 1.72
122 1.10 2.13 2.02 1.84
152 1.05 2.15 1.90 1.88
183 1.16 1.70 1.68 1.68

Table 4. Average crested wheatgrass
yields (1976-79) as affected by
thickness of soil materials at the
Stanton wedge experiment (Power
et al., 1981).

Subsoil  Topscil depth (cm) Mixed
Depth 0 .20 60 Subsoil-
topsoil
L tons/ha————-—-
10 1.50 1.93 2.15 1.25
30 1,93 2.22 2.55 2.04
51 2.02 2.53 2.78 2.51
71 2.20 2,42 2.84 2.60
91 2,06 2.6% 2.82 - 2.69
122 1.79 2.58 2,55 2,42
152 1.75 2.53  2.60 2.49
1.57 2.42 2.69

183 2.33

when topsoil was applied. Yields obtained with 20
or 60 cm of topsoil were not diffeérent at similar
subsoil depths above 51 em. For subsoil depths
below 51 cm, yields tended to be slightly higher
(but not significantly) with 60 cm than with 20 cm
of topscil. When topscil and subsoil were mixed,
yields at thicknesses of 51 cm or more were about
as high at similar.depths of subsoil as when top-
s0il was applied over subsoil. As with alfalfa,
yields tended to decrease at subsoil depths above
71 or 91 cm except when topsoil and subsoil were
mixed.

Highest yields of mixed native grasses (dom-—
inated by blue gramma and sideoats gramma) were
cbtained when topsoil was applied over 51 cm of
subsoil, with no apparent difference between 20
and 60 cm of topsoil (table 5). .When no topsoil
was applied or topseil and subsoil were mixed,
highest yields were obtained at soil depths of 71
to 91 cm, although these yields were lower than
on the topsoiled treatments, When topsoil was
applied, yields tended to decrease when the sub-
goil depths were greater than 91 cm.




Table 5. Average native grass yields
(1976-79) as affected by thickness of
soil materials at Stanton wedge
experiment (Power et al., 1981).

Subsoil’ Topsoil depth (cm)

Mixed
Depth 0 20 60 Subsoil-

topsoil
cm —————=tons/ha———-~
10 0.09 0.69 0.58 0.02
30 06.45 0.94  0.67 0.16
31 0.67 1.05 0.87 0.65
71 0.74 1.08 1.05 0.85
91 . 0.81 0.92 1.01 - 0.83
122 0.78 0.92 (.90 0.96
152 0.72  0.87 0.94 D.50
183 0.74 0.83 0.78 0.92

Average wheat yields for 1975 and 1978 were
highest when topsoil was applied over 71 to 91 ecm
of subsoil (table 6). At each subsoil depth, no
yield differences were apparent between 20 and 60
cm of topsoil. When no topsoil was applied,
highest yields (but lower than with topsoil) were
obtained when about 71 cm of subsoil was applied.
When topsoil and subscil were mized, highest yields
(lower than with topsoil) were obtained at the 51
em depth. Yields when topsoil was applied tended
to remain the same or decrease slightly when the
subsoil depth exceeded 91 cm.

Table 6. Average spring wheat yields for
1975 and 1978 as affected by thickness
of go0il materials at the Stanton wedge
experiment (Power et al., 1981). ’

Topseil depth (cem)

Subsoil Mixed
Depth Q 20 60 Subsoil-
_topsoil
cm 00— tons/ha~—————
10 0.42 1.47 1.79 0.47
30 1.26 1,98 1.94 1.32
51 1.41 . 2,15 2.13 1.85
7l 1.71 2.14 2.26 1.86
91 1.70 2,28 2.09 1.80
122 1.63 2.30 2.23 1.83
152 1.58  2.24 2.21 1.89
183 1.49 2.14 2.04 1.91

Yields obtained when 20 and 60 cm of topsoil
were replaced did not differ. preatly for the same
subsoil depths. However, yields at both topsoil
depths tended to increase as the subsoil depth
increased to about 71 or 91 cm. At equal total
soil depths, yields were consistently higher with
20 em of topsoil than with 60 cm except for
crested whéatgrass at 91 cm., The topsoil was sandy
loam in texture, with an available volumetric water-—
holding capacity of approximately 26 percent

(Power et al., 1981). Thus, the available
water-holding capacity of the subsoil was nearly |
twice that of the topsoil, and the higher yields
obtained with 20 cm of topseil are likely re-

lared to this high water-holding capacity.

As noted in the preceding discussion, yields
for each subsoil-topsoil combination tended to
reach a maXimum at subsoil depths of 71 to 91 cm
and then decline as the subsoil thickness in-
creased. The slope of the completed wedge was
about 5 percent, and higher yields at the midpoint
of . the slope are attributed to higher moisture
levels due to accumulation of runoff water from
the summit of the slope and to accumulation of
snow at the midpoint of the south-facing slope.

Zap Double Wedge Experiment

Another wedge experiment was initiated in
1975 at the Indianhead Mine near Zap {Merrill et
al., 1982b) in which 25 cm of topsoil was uniformly
placed over three different subsoil materials
which differed in salinity, sodium content and
texture. The topsoil was a nonsaline, very
slightly sodic loam (Table 7). The first subsoil

Table 7. Average spring wheat yields for 1976 and
1878 and crested wheatgrass yields for 1978
and the average for 1979 and 1981 as affected
by different subsoil materials and topographic
location at.the Zap.wedge experiment.

Topographic Wheat Crested Wheatgrass
..position  Sabsoil (1976,78) 1978 1979,1981
tons/ha

A 1.02 3.11 1.34

Midslope B 0.93 3.25 1.59

c 0.70 3.90 1.93

A 0.98 3.02 1.16

Summit B 0.98 3.09 1.19

c 0.52 2.60 ~1.68

material (listed as "A") was a moderately saline,
somewhat sodic silty clay; the second subsoil
(listed as "B") was a slightly saline, somewhat
sodic loamj the third (listed as '"C") was a non-
saline, very slightly sodic loam. The underlying
spoil was a moderately saline, moderately sodie
silty clay. The subsoil materials were placed in
a double wedge which was 107 cm thick at the sum-—
mit and which sloped to zero thickness at the
north and south limits of the wedge.

Average crested wheatgrass and spring wheat
yields were related to topegraphic position, total
soil thickness and subsoil properties (table 7).
Maximum yields of both crops were obtained at mid-
slope positions on both north and south slopes,
but higher yields were obtained at the midpoint of




the steeper north slopes than on the midpoint of
. the gentler south slopes. As total soil thick-
ness decreased below the midslope position, yields
decreased. The effect of the topographic config-
uration and slope aspect on rtunoff and runon of
rainfall and on the accumulation and melting of
snow apparently had as great an effect on crop
yields as did soil depth at thicknesses greater
than 51 to 91 cm. Highest yields of crested wheat-
grass were obtained at soil thicknesses of 31 to
8l cm and highest yields of spring wheat at thick-
nesses of 89 to 100 cm. Yield differences due

to topographic position were less pronounced for
spring wheat than for crested wheatgrass. Yield
patterns of Russian wildrye (not given) were sim-
ilar to those of crested wheatgrass.

Wheat yields were always higher over the more
saline and more sodic fine-textured subsoils than
over the nonsaline, nonsodic coarse—textured sub-
soil, while crested wheatgrass yields, except in
1978 on the summit position, were always higher
over the nonsaline, nonsodic coarse-textured sub-
soil, Even though both crops are classified as
moderately salt tolerant (Merrill et al., 1980b),
this differential response between the two species
may be due to differences in salt tolerance, but it
may also be due to both seasonal growth differences
and to seasonal differences in root growth. '

Falkirk Trench Experiment

In an experiment near the Falkirk mine non-
saline, nonsodic spoil materials of different
textures were placed in trenches and then covered
with topsoil or subsoil below topsoil (Halvorson
at al., 1980). Two series of four trenches were
excavated to a depth of 4.6 m and three trenches in
each ‘series were refilled with gravelly loamy
sand, clay loam, or silty clay loam to within 23,
46, or 69 cm of the original soil surface. The
fourth trench in each series was refilled with
gravelly loamy sand spoil to within 1.5 m of the
surface, and then with the original clay loam sub-
s0il to within 23, 46, and 69 cm of the surface.
Topsoil was then replaced to refill each trench to
the level of the original soil surface; par-
allel strips of topsoil, at depths of 23, 46, and
69 cm extending the full length of each trench.

Throughout the experiment, yields at similar
topsoil depths tended to be lower on treatments
with gravelly loamy sand without subsoil than on
other treatments, except for wheat yields in 1979
at the 69 cm depth (table 8). Yields at similar
topsoil depths for the other three treatments were
not different. On all treatments, yields tended
to increase as the topsoil depth increased ex-—
cept for the 69 cm topsoil depth over silty clay’
loam, where higher yields were consistently obtained
at the 46 cm depth. On one of these trenches the
concave portion of the trench was located in the
middle on plots with 46 cm of topsoil. The runon
water which collected on these plots was probably
enough to improve yields above those on 69 cm of
topsoil (Wollenhaupt and Richardson, 1982).

Highest yields for topsoil depths of 46 or 69
cm over subsoil, clay loam, or silty clay loam were

-236-

Table 8. Crop yields from the Falkirk tremch plots
from 1979 to 1983 as affected by thickness .of
soil replacement and overburden material, and
from the undisturbed comparison plots.

Overburden Material
Gravelly Clay Silty Undisturbed

Topsoil loamy sand loam clay plots
Thickness No - loam
.:Subsoil Subscil
cm tons/ha~————————ceee
Wheat 1979
23 0.74 1.02 1.08 0.90
46 1.08 1.18 1.14 1.28 1.11
69 1.23  1.29 1.20 1.03
Barley 1980
23 0.22 0.38 0.37 0.40
46 0.37 0.43 0.42 0.65 0.74
69 0.46 0.55 0.55 0.57

Corn Silage 1981

23 11.3 20.4 16.1 18.1
46 15,5 21.1 20.6 27.6 24 .4
69 20.1 22.9 23.3 20.8

) Wheat 1982
23 0.87 - 1.43 1.46 1.50
46 1.09 1.43 1.48 1.63 1.72
69 1.39 1.57 1.60 1.58 '

Corn Silage 1983

23 6.1 1l4.6 - 14.5 16.6
46 7.8  13.3 14.6 17.1 13.5
. 69 12.6. 17.3 16.2 15.9

equal to or better than yields from the undisturbed
plots except for barley in 1980 and wheat in 1982
{table 8). Over gravelly loamy sand without sub-
soil yields with 69 cm of topsoil were about 85% of
yields on the undisturbed plots. .

Since yields for the first three years of the
experiment were low due to both low rainfall and
continuous cropping, a trickle irrigation systenm
was installed in 1982 and 1983 on part of the plots

_ to obtain treatment comparisons at higher moisture

levels. A total of 8 cm of water was applied to
wheat in 1982 and 15 cm to corn in 1983; the

amounts applied were not adequate for maximum yields
80 that treatment comparisons would not be masked.
The substantially higher yields with irrigation for
both crops (table 9) generally followed the same
trends as-yield without irrigation (table 8). How-
ever, when 69 c¢m of topsoil was placed over gravelly
loamy sand, yields tended to be lower in comparison
with highest yields on the other three treatments
when irrigation was applied (78 percent as compared
to 84 percent). When the first irrigation was ap-
plied in both years, crops growing on treatmens with
gravelly loamy sand without subsoil were already
under greater moisture stress than crops on the
other treatments. Final yields may have been related




Table 9. Yield of wheat in 1982 and corn silage
in 1983 under irrigation at Falkirk trench
plots as affected by thickness of soil re-
placement and overburden material.

Overburden Material

Gravelly
Topseoil loamy sand eclay silty clay
Thickness No loam loam
Subsoil Subsoil
cm s tons/ha
Wheat
23 1.51 2.02 2.18 2.08
46 1.73 2.27 2.15 2.13
69 1.76 2.40 2.22 2.05
Corn silage
23 25.5 41.2 37.4 37.9
46 30.4 42.3 41.6 43.2
69 34.4 41.0 42.8 38.9

more to the degree of moisture stress before
irrigation than to the total amount of water
available during the growing season.

These results indicate that replacement of
topscil is required for restoration of optimum
vield levels. Yields with 23 cm of topsoil were
lower than those with 46 or 69 cm of topseil,
while yields with 69 cm tended to be slightly
higher than with 46 cm. Lowest yields were ob-
tained with gravelly loamy sand overburden, but
when subsoil was added, yields tended to be
equivalent to those when overburden was clay
loam or silty eclay loam. On the clay loam,
silty clay loam, and gravelly sandy loam with
subsoil treatment, optimum vields were obtained
with 46 to 69 cm of topsoil and were equal or
better than on the undisturbed plots. When 69
cm of topsoil was placed over gravelly loamy
sand, yvields were about 84 percent of maximum
yields on the other treatments without irrigation
and about 78 percent of those when irrigated.
By interpolation, this would suggest that soil
materials of medium to fine texture should be
replaced to a total thickness of at least.8l to
89 cm for restoration of optimum productivity
when the overburden is coarse-textured.

DISCUSSION

The depth of soil materials that must be
replaced to restore soil productivity is depen-
dent upon the chemical and physical properties
of the underlying spoil. In turn, the potential
productive capacity (or productivity index) of
reclaimed soils is related to the chemical and
physical properties of the root zone, which may
include not only replaced soil materials but
also the uppermost portion. of the reshaped spoil.
Furthermore, the yields given herein for the
various experiments are a reflection not only of
the productivity Iindex, but also of seasonal cli-
matic conditions, of topographic position, of

the underlying spoil.

$0il and crop management practices, and of disease
and insect infestations. While the cumulative
effect of all these factors may initially appear
to complicate evaluation of the results, adequate
data are available to substantiate the formulation
of general site-specific guidelines.

For maximum productive capacity, reclaimed

soils should have the chemical and physical proper-
ties listed by Omodt et al. (1975) with a minimum
effective root zone depth of 1.2 m. These cri-
teria can be used as a guide for determining the
needed depth of soil replacement. The lower por-
tion of the root zone may be either replaced sub-
s0il or spoil materials which have satisfactory
properties. When the supply of suitable soil and
spoil materials is plentiful, replacement of more
soil materials than needed to provide an adequate
root zone depth will not increase postmine pro-
ductivity. If the underlying spoil has unde-
sirable properties, more than 1.2 m of soil
materials will usually need to be replaced to
provide a buffer between replaced soil material and
Frequently, the amount and
quality of so0il materials available for replacement
is not adequate.to meet these optimum criteria.
In this case, available suitable materials must be
effectively utilized, possibly in combination with
other less suitable materials, te provide the best
possible postmine land use.

Relation of Soil and Spoil Properties to Depths of
Replacement

During soil development, the topsoil ("A"
horizon) evolves into the most favorable horizon
for plant growth. An active microbial population
becomes established, a dynamic organic matter
content develops, stable aggregates form which
facilitate entrance and movement of air and water
inte the solls, and available nutrient elements
accumulate. Replacement of the original topseil
materials provides a medium.for the relatively
rapid reestablishment.of favorable topsoil prop-
erties even though the.structure and.the chemical
and microbiological processes are severely dis-
rupted during removal, stockpiling and respreading.
Without the.replacement of topsoil, the development
of these. favorable properties would be extremely
slow., Carlson et al. (1961) reported that when
topsoil was removed during land levelling in North
Dakota, replacement of a few inches of topsoil
helped restore productivity. In the Stanton wedge
experiment (tables 3, 4, 5, 6), highest yields
were obtained only when topsoil was respread;
yields were counsistently lower when topsoil and
subscoil were mixed prior to respreading. The top-
soil removed before mining usually .consists of all
the "A" horizon and portions of the upper "B" hor-
izon. Carter and Doll (1983) reported that the
productivity of a mixture of "A" and upper "B"
horizon materials was equal to that of YA" hor-
izon materials. Topsoil must be replaced on all
reclaimed soils for rapid reestablishment of
productivity.

The subsoil, that.portion of the rooting zdne
below the topsoil, serves mainly as a reservoir for




putrients and moisture. In the most productive
undisturbed. soils, the subsoil will be suitable
for extensive root development and water movement
and retention. However, the subsoil character—
istics that develop during soil formation do not
have as marked an effect upon soil productivity

as do the characteristics of the topsoil. Subsoil
replacement serves two purposes, as was discussed
by Omodt et al. (1975) and Patterson and Schroer
(1980). First, if the nnderlying spoil is coarse—
textured with a low water-holding capacity, finer-
textured second 1ift materials will increase the
available water-holding capacity within the root
zone. Second, if the underlying spoil has un~
desirable properties for plant growth, replaced
subsoil serves as a buffer by placing the un-
desirable spoil materials below the -root zone.
the properties of the underlying spoil are such
that it.is a favorable plant growth material, it
can serve as the lower portion of the root zone.
The depth of subsoil that must be replaced to
restore optimum productive levels therefore de-
pends upon the characteristies of the underlying
spodil.

If

Water-holding Capacity

The water-holding capacity of a soil is a
fixed property which is dependent primarily upon
texture and bulk density. While the water-holding
capacity can be slightly altered by changes in
organic matter and degree of aggregation, coarse—
textured soils will always be more droughty than
finer—-textured soils. The water-holding capacity
of reclaimed soils can be improved by selective
placement of medium and fine-textured materials in
the root zone or by increasing the effective
depth of the root zome when available subsoil
materials are coarse-textured.

When sandy loam topsoil was placed over
moderately sodic clay loam spoil in the Knife
River experiment yields of both wheat and corn
after six years tended to be higher when 30 cm of
topsoil was replaced than when 60 cm was replaced.
This is attributed to the higher water-heolding
capacity when the top 60 c¢cm of the root zone con-
sisted of 30 cm of sandy loam plus 30 cm of clay
loam instead of 60 cm of sandy loam. Higher
yields were initially obtained with 60 cm of
topsoil, probably because moisture levels in the
spoil were low immediately after reclamation. In
the Stanton wedge experiment yields at total soil
depths of 71 and 91 cm were consistently higher
with 20 ¢m of sandy loam topsoil than. with 60 cm;
the underlying subsoil was clay loam in texture.
The yield data for this experiment (tables 3, 4,
5, and 6) suggest that about another 30 cm of sub-
soil was needed for optimum yields with 60 em than
with 20 cm of sandy loam topsoil.

Subsoil materials of different texture were
compared in the double wedge experiment at Zap,
(table 2). Interpretation of differences due to
subsoil characteristics are complicated by the in-
teracting effects of slope, aspect, and soil and
crop management. Wheat yields were higher on the
fine-textured subsoil, irrespective of soluble salt
and sodicity levels (table 7); crested wheatgrass

vields followed the same trend im 1978 when the
highest yields were obtained, but when moisture
1 was more limiting (1978 and 198l), yields were
highest on the coarse-textured subsoil which was
also lowest in soluble salts and Sodium. 1In
general, these results are consistent with the
effects of topsoil texture discussed previously
for the Knife River and Stanton experiments.

The increased yields with increasing depth of
loam topsoil over gravelly loamy sand spoil in the
Falkirk trenches were attributed partially to the
increased water-holding capacity of the replaced
topsoil. Replacement of 6% cm of topsoil was not
sufficient for optimum yields, representing about
85% of maximum yields. By interpolation at least
81 to 89 cm of medium or fine-textured materials
are needed for optimum yields over gravelly sandy
loam. :

Water uptake from spoil may often be re-
stricted. Merrill et al. (1982 a and b) reported
that while some water was extracted from sodic
spoil in the Stanton wedge experiment water uptake
from the spoil was. severely restricted due to low
hydraulic conductivity. Barth and Martin (1934)
reported water removal from only about 10 cm of
generic, sodic, or acid spoil material. Measure—
ments of root mass in the Falkirk trenches in 1982
indicated that the majority of roots remained in
the topsoil over gravelly leamy sand. Whether roots
were somehow restricted from penetrating into the
gravelly loamy sand or did not grow there hecause
of a lack of available moisture could not be de-
termined.

These results emphasize the importance of the
water-holding capacity of the upper portion of the
root zone and show that spoil materials which have
favorable chemical and physical characteristics are
acceptable for the lower porticn of the root zone.
Materials used in the root zone must have a suitable
water-holding capacity and not restrict the growth
of roots. :

When the sodium content of a soil or spoil
material is high and the soluble salt.content is
low, clays become dispersed, water movement is re-
stricted, and conditions become unfavorable for
root growth. When soil materials are placed over
highly sodic spoil, sodium may tend ko move upward
and the lower portions of the replaced soil may
become unsuitable for root growth. Sufficlent soil
material must be replaced so that the effective
root zone will be deep enough for optimum produc-
tion after upward sodium movement has ceased.
Merrill et al. (1983a) have discussed the factors
involved in sodium movement in reclaimed soils in
North Dakota; their data show that upward movement
of sodium was usually about 10 to 15 cm when 30 cm
of soil was replaced over highly sodic spoil. They
stated that as the depth of replaced soil was in-
creased, the upward movement of sodium would also
increase. Upward sodium movement will depend upeon
the sodium content and permeability (hydraulic con—
ductivity) of the underlying speoil.

When the underlying spoil was sodic, the early
experiments have shown that 30 cm of soil is not




sufficient for optimum yields. In the Knife
River experiment, 30 cm of topsoil over moderately
sodic spoil (SAR 12) appeared to be sufficient for
optimum yields after two or three years. On the
Stanton wedge experiment, the underlying spoil was
sodic (SAR 25), and total soil depths for optimum
vields varied from 76 cm for peremnial grasses to
114 cm for wheat (tables 3 through 6). On the

Zap double wedge experiment, the underlying spoil
was moderately sodic, and highest yields of
crested wheatgrass were obtained at soil depths

of 51 to 71 cm and wheat at depths of 114 cm.
These results indicate that crops are able to
utilize some moisture from sodic materials; Merrill
et al. (1982 a and b) reported that while some
water was extracted from sodic spoil in the Stan-
ton wedge experiment, water uptake from spoil was
severely restricted due to low hydraulic conduc—
tivity.

In areas where the spoil materials are sodic,
the productivity of the soils before mining is
often low. The amount of soil materials suitable
for replacement is frequently inadequate, and less
desirable materials must be used. Reclamation of
such areas poses special problems, and research
data are limited. Water movement and downward
leaching of salts (including sodium) are restricted.
In some situations, application of gypsum or a
source of soluble caleium will be beneficial. The
authors feel that additional research is warranted
to study the use and amelioration of poor quality
soil and spoil materials in reclaiming stripmined
soils.

Suggested Guidelines for Soil Depth Replacement

Replacement of topsoil is required for restor-
ation of productivity on all reclaimed soils, but
the amount of subsoil that will be needed is de-
pendent upon the chemical and physical character-
istics of the underlying spoil. Although the
productivity index of the reclaimed soil will be
related to the topographic location and shape,
gradient, and aspect of the slope,. sufficient
data are not available to justify variation in
the depth of soil replacement based on topography.
The suggested guidelines given below are related
to the depth and properties of the root zone needed
for optimum production. When the properties of
the spoil and the amount and quality of available
s0il materials are not sufficient for restoration
to this productive level, the postmine land use
must be adjusted accordingly. TFor efficient utili-
gzation of less than "ideal" soil and spoil ma-
terials, consideration must be given to the effects
of various properties of topsoil and subsoil ma-
terials and to interactions between these
properties.

When available, at least 30 cm of topsoil (first
1ift) should always be respread when soils are re-—
claimed. When the underlying spoil is coarse-
textured (sandy loam or coarser) and no more than
slighly saline (EC<6) or somewhat sodic (SAR<10),
from 60 to 76 cm of subscil (second lift) which
is loam or finer in texture should be applied. If
the underlying spoil is fine-textured (silt loam

~P30-

or finer), 30 to 45 cm of subsoil should be re—
spread. If the underlying spoil is moderately
sodic (SAR 10-20), the subsoil depth should be
increased to 60 to 90 cm. When the spoil is
sodic (SAR >20), from 90 to 120 cm of subseil
should be applied. If topsoil and subsoil ma-
terials are sandy loam or coarser, it is proposed
that the suggested depths of subsoil replace-
ment be increased by about 30 cm. These sug-
gested guidelines are summarized in Table 10.

Table 10, Sugpgested guidelines for soil replace-
ment based upon spoil properties.

Spoil Properties Depth of Soil Replacement

Texture = EC SAR Topsoil Subsoil Total
mmho/cm cm
Coarse1 <6 <12 30 60-75 90-105
Medium? <6 <12 30 30-45  60-75
3 “=q 12-20 30 60-90 90-120
— - »>20 30 90-120 120-150

1Sandy loam or coarser
2 .
Loam or finer

3Not applicable, SAR dominant property

These. suggestions are somewhat higher than the
optimum levels reported in some of the experiments
that were discussed. However, until more research
data are available describing the changes that occur
in unweathered spoil materials placed within the root
zone and until the movement of sodium in soils re-
claimed over sodic spoil can be more precisely pre-~
dicted, care must be exercised to ensure that adequate
s0il materials are replaced to ensure permanent
restoration to optimum productive levels. It should
be emphasized that these guidelines were developed
with the assumption.that topsoil losses through
erosion would be minimized by following good soil
management practices.

Implications of Soil Replacement te Premine’
Characterization

The importance of adequate premine character-
ization of all soil and overburden materials cannot
be overemphasized. The properties and volume of
soil materials suiltable for respreading must be
calculated. The amount and location of all desirable
and undesirable strata in the overburden must be
identified. The average properties of the reshaped
spoil and the magnitude of expected variations from
this average must be calculated before initial re-
moval of topsoil and subsoil. When the overburden
has undesirable properties such as coarse texture or
high sodicity, sufficient soil materials must be
replaced to ensure optimum production over those
sites within the reshaped spoil which have higher
levels of these undesirable properties. If, on the
other hand, undesirable overburden strata can be




selectively placed below the root zone during materials, possibly in combination with other less
mining, the surface properties of the reshaped spoil suitable soil and speil materlals, must be

may be such that less subsoil will need to be re- effectively utilized to provide the best possible
placed. This has two important implications. postmine land use.

First, if the amount of available soil materials '

is not sufficient to result in optimum postmine Suggested. depths of soil replacement are given
productive levels over undesirable spoil, selec- below. When available, at least 30 cm of topsoil
tive placement of good quality spoil within the should be respread on all reclaimed soils. When
root zone could result in higher posimine produc- the underlying spoil is coarse-textured ({sandy loam
tivity. BSecond, even when sufficient soil materials or coarser) and no more than slightly saline (EC<4)
are available, selective placement of high quality or somewhat sodic (SAR<10), from 60 to 75 cm of
spoil at the surface may justify the replacement subscil which is loam or finer im texture should

of less subsoil, The decision then becomes an be applied. If the underlying spoil is silt loam
economic consideration in which the.cost of sélec~ or finer in texture, 30 to 45 ecm of subsoil should
tive placement is equated to the savings from be respread. If the underlying spoil is moder-
decreased removal, stockpiling, and respreading of ately sodic (SAR 10 to 20}, the subsoill depth

so0il materials. should be increased to 60 to 90 cm. When the spoil
is sodic (SAR>20)}, from 90 to 120 cm of subsoil
should be applied. If topsoil and subsoil mater-
ials are sandy loam or cearser, it is proposed that
the suggested depths of subsoil replacement be
increased by about 30 cm.

SUMMARY

"Restoration of stripmined lands to a level of
productivity equal to or better than existed be-
fore mining is required by law in North Dakota.
Reclamation costs are a significant part of the
cost of mining coal and these costs are passed on
to the consumers. These costs can be minimized
if the chemical and physical properties of avail-
able soil and spoil materials are well characterized
and then used to determine the needed depth of soil
replacement to restore acceptable levels. of pro-
ductivity. Postmine productivity was governed by
the amount and quality of soil materials avail~
able for regpreading and to the chemical and

When the overburden has undesirable preper-
ties 'such as coarse texture or high sodium levels,
sufficient s0il materials must be replaced to en-
sure optimum production. over those sites within the
reshaped spoil which have highest levels of these
undesirable averburden strata can be selectively
placed at a deeper depth during wining, rhe surface
properties of the reshaped spoil may be such that
less subsoill will need to be replaced.
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