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Abstract 

Wyoming big sagebrush (Artemisia tridentafa ssp. wyomingen- 
sis Beetle & Young) is one of the most widely distributed shrub 
species in Wyoming and the Rocky Mountain and Northern 
Plains region, Its reestablishment on mined lands has generally 
proven difficult however, because of low seedling vigor, an 
inability to compete with herbaceous species, poor seed quality, 
and altered edaphic conditions. Field research evaluating the 
effect of topsoil management, mulching practice, and plant com- 
petition have shown that all of these factors significantly influ- 
ence initial sagebrush establishment. Greater sagebrush estab- 
lishment occurred on fresh topsoil compared to S-year-old stock- 
piled topsoil. Stubble, surface-applied mulch, and elimination of 
herbaceous competition also significantly increased establish- 
ment in the first growing season. A cool, wet second-year grow- 
ing season (April-September) resulted in large increases in sage- 
brush seedling density across all treatments; however, soil man- 
agement and competition treatment effects were still apparent in 
the second year. Mulch type had limited effects on sagebrush 
seedling density by the third year of the study. This research 
indicates that big sagebrush seed viability in the soil is longer 
than previously thought and that seed dormancy, safe site devel- 
opment, and climactic conditions play important roles in germi- 
nation, establishment, and seedling survival of thii species. 

Key Words: topsoil, mulching, plant competition, VAM, topsoil 
storage 

Wyoming big sagebrush (Artemisia tridentata Nutt ssp. 
wyomingensis Beetle & Young) occurs across the Western United 
States and east to the Black Hills (Beetle and Johnson 1982). 
Although controversy exists over its value (Colbert and Colbert 
1983, Tessman and Kleinman 1989), the mining industry is 
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encouraged or required to restore big sagebrush on mined lands if 
it existed in the pre-mined ecosystem (Wyoming Dept. Environ. 
Quality 1996). Establishment of big sagebrush on reclaimed 
mined lands can be accomplished by direct seeding or by trans- 
planting. Luke and Monsen (1983) found that direct seeding was 
the most cost effective method, however, the reliability of direct 
seeding for shrub reestablishment was not good. Many theories 
exist as to the reasons for poor establishment of big sagebrush 
from direct seeding, including poor seed viability (Hamiss and 
McDonough 1976, Young and Evans 1989), seed dormancy, and 
poor seedbed microclimate (McDonough and Harniss 1974, 
Meyer and Monsen 1992). 

Herbaceous species competition may also contribute to the 
variable success rate of direct seeded sagebrush. Blaisdell (1949) 
reported that grasses were more competitive than sagebrush when 
seeded from 2 years before to 1 year after seeding sagebrush. 
Jones (1991) was able to show increased survival of big sage- 
brush by removing vegetative competition. Cook and Lewis 
(1963) and Sturges (1977) noted that competition effects were 
probably related to the sagebrush seedlings’ inability to compete 
for water. Another factor that might reduce sagebrush seedling 
survival is the lack of, or reduced level of vesicular-arbuscular 
mycorrhizae (VAM) inoculum present in the post-mining soil. 
Soil salvage and storage can greatly influence the level of VAM 
inoculum present (Allen and Allen 1980, Smith et al. 1987, Rives 
et al. 1980, Gould and Liberta 1981, Williams et al. 1981, 
Persson and Funke 1988, Christensen and Allen 1979, Douds and 
Schenck 1991). Topsoil salvage can result in mixing of soil hori- 
zons, altered edaphic conditions, and dilution or reduction of 
inoculum levels (DePuit 1988, Stahl et al. 1988, White et al. 
1989). Storing (stockpiling) topsoil reduces the VAM inoculum 
potential of the soil even when stockpiled for as little as 6 months 
(Allen and Allen 1980, Smith et al. 1987, Williams et al. 1981, 
Persson and Funke 1988). Most rangeland shrubs form VAM 
associations and some, including big sagebrush, are often consid- 
ered to be obligately mycorrhizal (Allen 1982). Call and McKell 
(1981) reported greater shoot growth from inoculated sagebrush 
seedlings than from those not inoculated. VAM associations 
result in improved nutrient uptake, especially phosphorus (Sylvia 
and Williams 1992), and improved resistance to drought in maize 
(Sylvia et al. 1993). 

The objectives of this research were to evaluate sagebrush 
establishment and survival relative to; (1) the efficacy of direct- 
applied topsoil, (2) the value of various mulch types, and (3) 
competition from concurrently seeded perennial grasses. 
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Field Site and Methods 

The research was conducted at the North Antelope Coal Mine, 
in Campbell County, approximately 100 km south of Gillette, 
Wyo. The site has a cool, semiarid-continental climate. 
Precipitation ranges from 250 to 330 mm annually, with approxi- 
mately 70% occurring from April through August. Monthly mean 
temperatures range from a low of -5” C in January to a high of 
22.5” C in July. The fresh topsoil was composed of a complex of 
the Shingle (loamy, mixed, calcareous, mesic , shallow, Ustic 
Torrorthents) and Samsil series (clayey, montmorillinitic, cal- 
careous, mesic, shallow, Ustic Torrorthents). The stockpiled top- 
soil came from an area that was mapped a Bidman-Briggsdale 
complex. Both the Bidman and Briggsdale series are fine, mont- 
morillinitic, mesic, Ustollic Paleargids. The topsoil was stock- 
piled in a large (IO-15 m high) mound constructed by scrapers 
and seeded to a mixture of native cool-season perennial grasses. 

The project was initiated in August 1990 on approximately 1.2 
ha of leveled coal mine spoil. Treatments included: (1) topsoil 
management; a) fresh stripped or b) stockpiled topsoil that had 
been stored for 5 years; (2) mulch type; a) stubble mulch, b) sur- 
face-applied straw mulch that was crimped, c) stubble and sur- 

Rep Rep 
I II 

face applied straw, and d) no mulch; and (3) competition; a) no 
perennial grass seeded, b) 16 kg PLS ha-’ of perennial grass, and 
c) 32 kg PLS ha-’ of perennial grass seeded. Each topsoil-treat- 
ment plot was 15 by 60 m with mulch subplots being 15 by 15 m 
and competition sub-subplots being 15 by 5 m. All treatments 
were assigned at random in a randomized block, split-split plot 
design with 3 replications (Fig. 1). The plots were established in 
August 1990 and topsoil placed on the regraded and ripped spoil 
material. Topsoil replacement depth averaged 30 cm and was 
accomplished in September 1990. Since the entire stockpile was 
utilized in the study; efforts were made to ensure that topsoil 
from the various levels of the stockpile was placed on all plots. 
All plots were ripped and disked to relieve compaction, mix the 
various lifts of topsoil, and prepare the seedbed. 

Baseline topsoil (O-30 cm) and spoil (surface 15 cm of spoil) 
samples were collected in April 1991. These samples were ana- 
lyzed for electrical conductivity (EC ) (Rhoades 1982); calcium, 
magnesium, sodium, and potassium (Rhoades 1982); total 
Kjeldahl nitrogen (TKN) (Schuman et al. 1973); sodium bicar- 
bonate-extractable phosphorus (Olsen et al. 1954); and cation 
exchange capacity. (U.S. Salinity Laboratory Staff 1954). 
Vesicular-arbuscular mycorrhizal spore levels were assessed 
using sucrose floatation methods and counting (Allen et al. 1979). 
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Fig. 1. Field plot diagram of the Wyoming big sagebrush establishment study, North Antelope Coal Co., Gillette, Wyo. 
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In late April 1991, ‘Steptoe’ barley (Hordeum n&are) was 
seeded at 60 kg ha-’ on the plots which had been assigned the 
stubble mulch or stubble + surface applied straw mulch treat- 
ments. In mid-July 1991 the barley was clipped to reduce seed 
maturation and subsequent year competition from volunteer bar- 
ley plants. Annual weeds on the other mulch treatment plots were 
controlled with 0.55 kg ha-’ glyphosate [N-(phosphonomethyl) 
glycine] and tillage. 

In late November 1991, the competition treatments were 
imposed by drill seeding a mixture of ‘Rosanna’ western wheat- 
grass [Puscopyrum smi?hii (Rybd.) A. Love], ‘San Luis’ slender 
wheatgrass [Elymus trachycaulus (Link) Gould ex Skinners], and 
‘Critana’ thickspike wheatgrass [Elymus Zanceolatus (Scribner & 
J.G. Smith) Gold] composed of equal seed numbers of each of the 
grasses. Grass was seeded after soil temperatures had dropped 
below that conducive to germination. The competition sub-sub- 
plots were seeded at 0, 16, or 32 kg PLS ha-‘. After seeding the 
grass mixture, wheat (Triticum aestivum) straw was added at 
1,000 kg ha-’ to the stubble + surface mulch treatment and 
anchored to the surface with a vertical disk crimper. Wheat straw, 
at the rate of 4,500 kg ha-‘, was also applied and anchored to the 
soil surface of the surface mulch treated plots. Surface mulch was 
applied after grass seeding was done to ensure good seed place- 
ment depth control and eliminate big sagebrush seed burial by the 
crimping process. 

In early March 1992, all plots were broadcast seeded with sage- 
brush (2.63 kg P.S. ha-‘) and without any seed covering. The sage- 
brush was seeded at this time to reduce the potential for spurious 
germination during the winter if surface temperatures were ade- 
quate and to reduce the length of time seed might be displaced by 
wind. Rice hulls were mixed with the sagebrush seed to improve 
seed flow. The sagebrush seed was collected in the Powder River 
Basin area of Wyoming in early December 1991 and threshed 
with a debearder (Booth, et al. 1995). No grass seedling emer- 
gence had occurred when the sagebrush was seeded. 

In late March 1992, six l-m* quadrats were established in each 
mulch by grass competition (15-X 5-m) subplot, for a total of 144 
quadrats per replication. The quadrats were established in 2 belts 
of 3 quadrats with each belt lying in an east-west direction. The 
belts were systematically established 1 m from the edge of each 
subplot. The belts and quadrats were established prior to seedling 
emergence to prevent bias in their location. After completing the 
June 1992 sagebrush seedling counts it was determined that an 
additional 3 quadrats were needed to achieve sample adequacy of 
the system. Therefore, 3 additional quadrats were located within 
the belt between the other 6 quadrats and sagebrush and grass 
seedlings counted. These quadrats (216 per replication; 648 total) 
were used to assess grass and sagebrush seedling numbers in 
1992, and sagebrush seedling numbers in 1993 and 1994. Grass 
seedling numbers were not assessed after 1992 because of the dif- 
ficulty of distinguishing individual plants from new culms. 
Sagebrush seedling numbers were evaluated in June and October 
1992 and 1993, and in September 1994. 

Topsoil samples (O-7.5 cm) were taken every 2-3 weeks, in 
each subplot of 1 replication, throughout the growing season in 
1992 to evaluate the effects of the treatments on soil moisture. 
Two samples were collected from each subplot and averaged to 
represent the subplot. 

In June of 1993, sagebrush seedlings located outside of the 
quadrats were excavated, their roots fixed and stained to evaluate 

percentage mycorrhizal infection (Kormanick and McGraw 1982; 
Giovenetti and Mosse 1980). 

Many of the quadrats had no sagebrush seedlings present, par- 
ticularly in the spring and fall 1992 seedling counts. Analysis of 
variance was accomplished on the sagebrush seedling means of 
the 9 quadrats collected on each replicate sub-subplot. This is a 
conservative evaluation of the data; therefore, it strengthens inter- 
pretations resulting from any statistical differences observed. The 
data were analyzed as a split-split plot design. The main plots 
were fresh and stockpiled topsoil and the 4 mulch types were ran- 
domly assigned as subplots within each topsoil source. The 3 
herbaceous species competition treatments were randomly 
assigned to sub-subplots within each of the mulch subplots 
(Fig.1). Fisher’s Protected LSD was used to separate treatment 
means. All statistical comparisons were evaluated at P 20.10. 

Results and Discussion 

Baseline chemical and nutrient parameters showed the fresh 
topsoil to have significantly higher concentrations/values for 
most of the parameters measured (Table 1). Topsoil stockpiling 
did not have as great an effect on edaphic properties as reported 
by others (DePuit 1988; White et al. 1989). The lack of more pro- 
nounced effects of stockpiling on topsoil chemical properties may 
be due in part to the fact that the stockpile was seeded to perenni- 
al grass. This practice ensures greater soil permeability, enhances 
soil biological functions through the contribution of plant carbon 
to the soil system, and general improved soil physical qualities. 

Table 1. Chemical and nutrient concentrations in fresh and stockpiled 
topsoil. 

Soil Mgmt Cd’ Mg++ Na* K’ TKN P CEC 
- _ _ _ _ _ _ _ _ _ _ _ (mgkg-‘)- _ _ _ _ _ - _ _ _ _ _ (me lOOg-t) 

Fresh 342a 108a 19a 23b 950a 7.2a 23.Oa 
Stockpiled 170b 67b 84a 26a 740b 6.3b 10.9b 

Values within a column with the same letter are not significantly different, P < 0.10. 

Sagebrush seedling densities exhibited a significant 3-way 
interaction (topsoil management X mulch type X grass competi- 
tion) for all 5 dates of sagebrush seedling density measurements 
(Tables 2-4). Sagebrush seedling densities exhibited different 
treatment responses in the spring 1992, fall 1992, and spring 
1993 compared to in the fall 1993 and 1994. We believe the large 
increase in seedling density that occurred between June 1993 and 
October 1993 reflects the wet and cool spring and summer of 
1993 (Table 5) and continued viability of the sagebrush seed. 
Precipitation in 1993 was almost double that in 1992 and 1994 
and the April through June average monthly temperature was 
about 2°C cooler than 1992. The sagebrush seedling densities 
measured in 1992 on the fresh topsoil, no competition, mulched 
treatments exceeded (Table 2) the recently established shrub den- 
sity standard of 1 shrub m-’ for Wyoming (Wyoming Dept. 
Environ. Quality 1996). This emphasizes the importance of good 
cultural practices especially since these seedling densities were 
achieved during a below average (87% of average) precipitation 
year. Precipitation in 1994 was also below average (85% of aver- 
age). Fresh topsoil had > 40% more sagebrush seedlings than 
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Table 2. Sagebrush seedling density as affected by topsoil,management, Table 4. Sagebrush seedling density as affected by topsoil management, 
mulch type, and grass seeding rate, 1992. mulch type, and grass competition, Fall 1994. 

Competition 
(kgPLS ha-‘) 
Mulch Type 

0 

Fresh 

16 

Toosoil Manaeement 
Stockpiled 

32 0 16 32 
Competition 
(kgPLS ha-‘) 
Mulch Type 

0 

Fresh 

16 

Toosoil Manaeement 
Stockpiled 

32 0 16 32 

---------..~---~(plantsm-~)~---~----------- 
Spring 1992 

stubble 5.78 1.11 0.04 0.11 0 0 
surface 7.37 0.07 0 0.04 0 0 
stubble + 
surface 1.59 1.56 0.63 0.11 0 0.04 
control 0 0 0.04 0 0 0 

LSD0,10=2.48 within a mulch type with a topsoil management; 
LSDo, 10=2.5 1 within a topsoil management with a seeding rate; 
LSD,.,,=2.71 within a mulch type within a seeding rate. 

Fall 1992 

stubble 5.15 0.52 0.07 0 0 0.04 
surface 6.07 0 0.15 0 0 0 
stubble + 
surface 1.41 1.11 0.37 0.30 0.04 0 
control 0 0 0 0 0 0 

LSDO.10 = 2.13 within a mulch type within a topsoil management; 
LSDO.10 = 2.16 within a topsoil management within a seeding rate; 
LSDO.10 = 2.30 within a mulch type within a seeding rate. 

stockpiled topsoil and in 1992 and spring 1993, the differences 
were generally l-2 orders of magnitude greater for the fresh top- 
soil treatment. Soil moisture content of the surface 7.5 cm of the 
fresh topsoil was always higher than that observed in the stock- 
piled topsoil (Fig. 2). This consistently higher soil moisture in the 
fresh topsoil undoubtedly accounted for a portion of the observed 
greater sagebrush seedling establishment in the fresh topsoil 
treatment in 1992. The differences in sagebrush seedling densities 
between topsoil management treatments were generally greatest 

Table 3. Sagebrush seedling density as affected by topsoil management, 
mulch type, and grass seeding rate, 1993. 

Topsoil Management 
Fresh Stockpiled 

Competition 
(kgPLS ha-‘) 0 16 32 0 16 32 
Mulch Type 

_______--_______ @lantsm.‘)---------------- 

. . _ _ _ _ _ _ _ _ _. _ _ _ (plants me*) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
stubble 8.15 9.82 7.11 3.44 2.78 3.26 
surface 12.11 4.63 5.33 2.40 3.52 5.07 
stubble 
surface 9.11 3.78 4.26 3.30 3.85 2.52 
control 7.22 5.88 4.56 4.48 2.52 1.70 

LSDO.10 = 3.00 within a mulch type withii a topsoil management; 
LsD0.10 = 3.79 within a topsoil management within seeding rate; 
LSDo.10 = 3.99 within a mulch type within a seeding rate. 

when no grass competition existed. Topsoil management effects 
on seedling density were never observed in the 16 and 32 kg ha-’ 
grass seeding rate treatments. Sagebrush seedling data clearly 
show that topsoil source is important in sagebrush establishment, 
but this study has not clearly delineated all of the specific benefits 
to be expected from the fresh topsoil. 

VAM spore numbers were 3,088 f 1,087 and 4,500 + 1,52.5/g 
soil in the stockpiled and fresh topsoil, respectively. Even though 
this difference was significant (P I 0.10) it was expected that the 
difference in spore numbers between the 2 topsoil sources would 
be much greater (Allen and Allen 1980; McMahon and Warner 
1984). Mycorrhizal infection in sagebrush seedlings excavated in 
June 1993 from the 2 topsoil treatments was not different (Table 
6) in spite of the difference in VAM spore levels at the initiation 
of the study. Loree and Williams (1984) found that native grasses 
became infected with VAM within a year of establishment on 
stockpiled topsoil indicating inoculum is spread quite readily 
under natural conditions. However, Stahl et al. (1996, 1997) 
reported that non-mycorrhizal big sagebrush seedlings exhibited 
significantly less soil moisture stress tolerance and all died at a 
soil water potential c-3.3 Mpa whereas mycorrhizal seedlings sur- 
vived in soil as dry as 3.7 MPa. Therefore, non-mycorrhizal 
seedlings in our study may not have survived the numerous, mois- 
ture stress periods that are typical of arid/semiarid climates and 

Table 5. Monthly precipitation and mean monthly temperature, North 
Antelope Coal Company, Gillette, Wyo., 1992-1994. 

stubble surface 

stubble + 

6.30 8.74 
Spring 1993 Month 1992 1993 

2.04 
1994 

1.81 1.63 0.04 0.15 0.30 0.89 0.44 0.04 0.93 Precip Temp Precip Temp Precip Temp 

(cm) P-3 (cm) (“(3 (cm) (“C) 
surface 4.07 2.48 1.52 1.56 0.33 0.11 
control 1.26 0.56 0.22 0.37 0.14 0.04 

LSDo.10 = 2.01 within a mulch type within a topsoil management; 
LSDO.10 = 2.07 within a topsoil management within seeding rate; 
LSDO.~O = 2.73 within a mulch type within a seeding rate. 

Fall 1993 
stubble 9.67 3.93 2.93 5.41 2.11 1.93 
surface 13.48 1.00 1.22 2.74 1.81 2.18 
stubble + 
surface 8.04 2.89 1.63 4.59 2.15 1.70 
control 7.52 1.37 0.52 1.81 0.52 0.19 

LSDO.~O = 2.59 within a mulch type within a topsoil management; 
LSDO.l~ = 2.89 within a topsoil management within a seeding rate; 
ISDo. = 3.91 within a mulch type within a seeding rate. 

JarI 0 -0.6 
Feb 0.68 2.2 
Mar 3.15 4.4 
*pr 0.76 7.7 
May 2.26 13.2 
Jun 6.43 16.5 
Jul 7.75 17.6 
*us 2.95 18.2 
Sep 1.75 15.4 
Ott 0.41 8.8 
Nov 0.89 -0.6 
DCX 1.19 -6.6 
Total 28.22 
1978-1995 year average is 32.3 cm 

0 -7.2 0.20 -3.3 
0.38 -7.7 0.15 -6.1 
1.47 2.2 0.41 3.3 

6.48 5.5 2.79 6.6 
5.94 12.7 2.87 14.9 

14.15 14.3 8.36 18.2 
9.70 17.1 4.93 19.8 

10.13 18.2 0.81 20.9 
2.29 12.1 1.22 16.0 
2.36 6.1 5.49 7.2 
0.36 -2.2 0.58 0 
0.10 -1.7 0.05 -1.7 

53.36 27.86 
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Fig. 2. Gravimetric soil moisture percentage (1992) of the fresh and stockpiled topsoil (surface 7.5 cm) of Wyoming big sagebrush establish- 
ment study, North Antelope Coal Co., Gillette, Wyo. 

that occurred in 1992. Our data show a decline in seedling density 
between June 1992 and October 1992 and we don’t have a mea- 
sure of seedlings that emerged between those dates. Therefore, our 
estimate of mycorrhizal infection could be biased upward and not 
represent the true population of seedlings that emerged. Further 
evaluation of the role of VAM on sagebrush seedling establish- 
ment will be necessary to fully assess its importance. 

It appears that fresh topsoil did not act as a seedbank for the 
sagebrush because an adjacent companion study showed no sage- 
brush seedlings on unseeded, fresh topsoil during this same peri- 
od (Unpublished data, D.T. Booth et al. 1994). 

Mulch greatly affected sagebrush seedling establishment in 
1992. No sagebrush seedlings were evident in the first year where 
no mulch was applied. The stubble and surface straw mulches had 
similar or greater sagebrush seedling densities than the combina- 
tion stubble + surface mulch treatment in the 1992 sample dates. 
Soil moisture content of the surface 7.5 cm of the topsoil was 
greater for all mulch treatments compared to the control, where no 
mulch was used (Fig. 3). Stubble mulch has been shown to affect 
seedling microclimate through reduced diurnal temperature fluctu- 
ations and increased soil moisture (Schuman, et al. 1980). The 
combination stubble + surface mulch is believed to have prevent- 
ed some of the sagebrush seed from reaching the soil surface 
resulting in germination and death or loss to other factors. The 
surface mulch applied to the stubble tended to give much greater 
ground cover than either the surface or stubble mulch alone. 
Seedling counts taken in the Fall 1993 and 1994 however, were 
not different between mulched and unmulched plots. 

Grass competition reduced sagebrush seedling densities 
throughout the duration of the study on the fresh topsoil treatment 
where stubble and surface straw mulch treatments were applied 
and where sagebrush seedling densities were the greatest. Grass 
seedling numbers counted in the Fall 1992 reflect the herbaceous 
competition. The 0, 16 and 32 kg PLS ha-’ grass seeding rates 
resulted in 0, 196, and 250 grass seedlings m-2 (Unpublished 
data, J.R. Cockrell, 1992). No differences in grass seedling densi- 
ties among topsoil sources or mulch were evident. 

Sagebrush seedling establishment from a single seeding over 
the 3 years evaluated poses numerous questions. First, did the 
seed sown in March 1991 remain viable 2 years and continue to 
germinate as “safe sites” developed and conditions became ade- 
quate for germination in 1992 and 1993? Harper (1977) states 
that a “safe site” is a zone or place in which a seed may reside 
which provides the stimuli to break dormancy, the conditions 
required for germination, the resources which are consumed dur- 
ing germination and is absent of decimating factors. Young and 
Evans (1989) reported that Artemisia tridentata tridentata does 
not maintain seed viability for more than a few months; however, 
Wyoming big sagebrush has been shown to have some seed dor- 
mancy (McDonough and Hamiss 1974; Booth et al. 1995). Bai 
and Romo (1994) reported that continuous germination of seeds 
over time may enable fringed sage (Artemisia frigida Willd.) to 
occupy “safe sites” as they develop. They also concluded that 
germination requirements of fringed sage seed became less spe- 
cific with aging. Industry reclamation specialists in the Powder 
River Basin of Wyoming have routinely observed increased sage- 
brush seedling numbers over a period of 2-3 years after seeding. 
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Fig. 3. Gravimetric soil moisture percentage content (1992) of the topsoil (surface 7.5 cm) mulch type, Wyoming big sagebrush establishment 
study, North Antelope Coal Co., Gillette, Wyo. 

We are confident that seed did not blow in from nearby undis- 
turbed sagebrush-grasslands. Control plots on the adjacent study 
had no sagebrush seedlings develop during these 3 years. Walton 
et al. (1984) reviewed the subject of Artemisia reproduction 
strategies and concluded that seed dispersal is close to the parent 
and falls off sharply as distance increases. Lyford (1995) found 
that natural invasion of sagebrush on mined land sites was most 
successful when the sites were close to a seed source. In fact, he 
reported that natural invasion of sagebrush decreased 50-fold 
when distance to the seed source exceeded 100 m. We would, 
therefore, not expect significant natural invasion since our 
research plots were about 1 km from the nearest source of native 
sagebrush/grassland. 

As noted earlier, sagebrush seedling densities observed in the 
third year of the study do not exhibit as much treatment response 
as in the first and second years. The observed sagebrush seedling 
densities would result in a more than adequate density of 
Wyoming big sagebrush for wildlife habitat needs on mined lands 
if one assumes that all of the seedlings survive and reach maturi- 
ty; however, Kriger et al. (1987) found that 32% of big sagebrush 
seedlings observed the first year of a shrub-herb seeding, existed 
on the site 11 years later. Sagebrush seedling density at our 
research site in Fall 1994 was 5 plants me2 when averaged across 
all treatments. If we assume that Kriger et al. (1987) findings are 
representative and that at least one-third of those plants will sur- 
vive for more than 10 years, then the estimated density would be 
about 1.7 plants m-‘, which would exceed the density standard of 
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1 shrub mm2 on 20% of the land area required by the Wyoming 
Department of Environmental Quality, Land Quality Division 
(1996). The same reasoning suggests the average shrub density 
on the stockpiled topsoil would be 1 plant m-‘, which would also 
meet the new standard. Most of the seedlings observed in the 
1994 data from our research are > 1 yr old and can be expected to 
have a better survival than l-year-old seedlings. Survival rates 
may vary by location, soil characteristics, and weather patterns. 

Table 6. VAM infection percentage of sagebrush seedlings as affexted by 
topsoil management, mulch type, and grass competition. 

Treatment Infection Seedlings 
Evaluated 

(%) 
ToDsoil Memt 

Fresh 66 
Stockpiled 76 

Mulch Tvpe 
Stubble 73 
Surface 71 
Surface + 72 
Stubble 
Control 67 

Grass Comoctition 
(kg PLS ha-‘) 

0 73 
16 68 
32 --a 

aInsuff&mt sagebrush seedlings available for evaluation. 

(No.) 

66 
66 

36 
36 
36 

24 

69 
63 
--a 



Results of this research have shown that topsoil management, 
mulching practices, and herbaceous species competition can 
influence sagebrush establishment on mined lands. Soil moisture 
in the surface 7.5 cm of the topsoil was greater in the fresh top- 
soil treatment compared to the stockpiled topsoil and it was also 
greater in all of the mulch treatments compared to the no mulch 
treatment. Mulching reduces the effects of rapid changes in tem- 
perature and conserves moisture in the seed site environment. 
Schuman et al. (1980) showed that stubble mulch further 
improved seed site environment over that of a surface mulch and 
helps create “safe sites” for seedling emergence and establish- 
ment. Fresh stripped topsoil enhances overall reclamation success 
because it possesses better chemical, physical, and biological 
properties than does stockpiled topsoil (DeRuit 1988; Stahl et al., 
1988; White et al., 1989). These factors influence water infiltra- 
tion, water storage, nutrition, soil structure and VAM inoculum 
potential which enhance the potential success of plant establish- 
ment. Topsoil management to prevent or limit topsoil stockpiling 
should be encouraged and is generally used when mine design 
and development constraints are not limiting. Direct placement of 
topsoil is cost effective unless the mine advancement physically 
prevents access to those areas being reclaimed (Scott Belden, per- 
sonal communication, 1996). Grass competition significantly 
reduced sagebrush seedling establishment and/or survival on the 
fresh topsoil, but not on the stockpiled topsoil treatment. Seeding 
practices may need to be modified where big sagebrush is an 
important component of the postmine plant community. These 
findings suggest that when sagebrush establishment is desired it 
might be best sown in islands or irregular shaped, small areas, with 
greatly reduced grass seeding rates or with no herbaceous species. 
These areas would need to be small and arranged so as to ensure 
protection of the topsoil resource from erosion and to create the 
greatest diversity and edge effect in the reclaimed ecosystem. 
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