
NATURAL REVEGETATION OF A 

TOPSOIL BORROW AREA 

by 

Theresa LoPiccolo 

A professional paper submitted in partial fulfillment 
of the requirements for the degree 

of 

Master of Science 

in 

Land Rehabilitation 

MONTANA STATE UNIVERSITY 
Bozeman, Montana 

November 1986 



lAAUi UO. 

P3?% 
jini 
a&b. ZL' 

ii 

APPROVAL 

of a professional paper submitted by 

Theresa LoPiccolo 

This professional paper has been read by each member of the 
author’s graduate committee and has been found to be satisfactory 
regarding content, English usage, format, citations, bibliographic 
style, and consistency, and is ready for submission to the College of 
Graduate Studies. 

^(Jdve+nh'} Dp %)  
Date Chairperson, Graduate Committee 

Approved for the Major Department 

Date 
  c 
Head, Major Department 

Approved for the College of Graduate Studies 

Graduate Dean Date 



iii 

STATEMENT OF PERMISSION TO USE 

In presenting this professional paper in partial fulfillment of the 

requirements for a master’s degree at Montana State University, I agree 

that the Library shall make it available to borrowers under rules of the 

Library. Brief quotations from this paper are allowable without special 

permission, provided that accurate acknowledgement of source is made. 

Permission for extensive quotation from or reproduction of this 

professional paper may be granted by my major professor, or in his 

absence, by the Dean of Libraries when, in the opinion of either, the 

proposed use of the material is for scholarly purposes. Any copying or 

use of the material in this paper for financial gain shall not be 

allowed without my written permission. 

Signature 

Date 



ACKNOWLEDGEMENTS 

This paper would not have been possible without the help and advice 

of several people. I would like to thank Chet Skilbred of the Glenrock 

Coal Company, and my advisors, Doug Dollhopf, Frank Munshower, and 

Hayden Ferguson, for their help and guidance. Special appreciation goes 

to Doug Dollhopf for his moral as well as academic support which 

contributed greatly to my completion of this degree. I would also like 

to thank my family and friends for their support and encouragement 

during my graduate studies. 



V 

TABLE OF CONTENTS 

Page 

APPROVAL  ii 

STATEMENT OF PERMISSION TO USE  iii 

ACKNOWLEDGEMENTS  iv 

TABLE OF CONTENTS  v 

LIST OF TABLES  vii 

LIST OF FIGURES viii 

ABSTRACT  ix 

INTRODUCTION  1 

DESCRIPTION OF STUDY SITE   A 

METHODS AND MATERIALS  9 

Sampling  9 

Statistical Analyses  9 

Soil Sampling and Analyses    10 

RESULTS AND DISCUSSION  12 

Vegetation Measurements  12 

Production  12 

Canopy Cover   13 

Succession  16 

Borrowing—A Coversoil Resource   16 

Sagebrush Competition  17 
Bouteloua gracilis Enigma  17 

Annual Vegetation  19 
Soil Measurements  21 

Penetrometer Data  21 

Other Soil Parameters  23 

SUMMARY  28 

CONCLUSIONS 29 



vi 

TABLE OF CONTENTS—Continued 

Page 

RECOMMENDATIONS  31 

LITERATURE CITED   . 32 

j 



vii 

LIST OF TABLES 

Table Page 

1. Soil pit data  6 

2. Soil physicochemical analytical procedures of 
field samples  11 

3. Mean production of grasses and forbs on disturbed 
and native range at the Dave Johnston Mine  12 

4. Mean percent canopy cover for species found on 
borrow and native sites at the Dave Johnston Mine  14 

5. Mean percent cover for life-forms found on 
borrowed and native range sites at the Dave 
Johnston Mine  13 

6. Mean penetrometer data for surface soils  22 



viii 

LIST OF FIGURES 

Figure Page 

1. Location of the Dave Johnston Mine and the 
study site, T34N R75W SEC 10  2 

2. Location of transects on the study site (a), 
sketch of 60 cm berms between the strips (b), 
and photo of the cut made by the scrapers (c)  5 

3. Diagrammatic sketch of the native and disturbed 
sides of a soil pit illustrating location of 
above photos   8 

4. Diagrammatic sketch of blue grama seedling 
showing short coleoptile and adventitious roots 
near the surface  18 

5. Illustrations of missing soil horizon and the 
relationship of texture with depth between the 
borrow and native sites  20 

6. Illustration of missing soil horizon and the 
relationship of electrical conductivity (EC) 
with depth between the disturbed and native 
sites   24 

7. Illustration of missing soil horizon and the 
relationship of pH with depth between the borrow 
and native sites    25 

8. Illustration of missing soil horizon and the 
relationship of saturation percent with depth 
between the disturbed and native sites  26 



ABSTRACT 

More than ten years ago at the Dave Johnston Mine near Glenrock, 
Wyoming, topsoil was removed from native range for use on reclamation 
areas. The borrow area, the land where the topsoil was removed, was 
allowed to revegetate naturally. Vegetation production, canopy cover, 
and soil physicochemical analyses were studied for both the borrow and 
native range sites. It was determined that present-day forb and grass 
production, on the borrow areas, were comparable to native range; 
however, shrubs were not included in this measurement. According to 
Spatz’s modification of Jaccard's Similarity Index, the borrow area life 
form canopy cover was found to be only 14% similar to the native range, 
but this measurement included shrub (mostly sagebrush) canopy. Thus, 
the main vegetation difference between areas was that the shrubs were 
larger and more abundant on the native sites. The soil physicochemical 
properties in both areas were similar in that although the A-horizons 
were removed, the remaining B horizons had no factors which would limit 
plant growth. This study suggests that borrowing topsoil in shallow 
strips from range soils is an alternative reclamation method for aban¬ 
doned mines where plant growth is limited without topsoil application. 
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INTRODUCTION 

There have been many studies concerning the natural succession of 

vegetation on mined lands (Skilbred, 1979; Plantenberg, 1983); but there 

have been no investigations of non-mining disturbances involving removal 

of the A-horizon and regrowth of vegetation in the exposed B. This type 

of land disturbance is referred to as topsoil borrowing. 

The Dave Johnston Mine, situated thirty miles east of Casper, 

Wyoming (Figure 1), has a large topsoil borrow area. Over ten years 

ago, the mine was confronted with a reclamation problem and no addition¬ 

al topsoil to assist in the reclamation effort. It was found necessary 

to borrow eight to fifteen centimeters of topsoil from native range. 

The addition of borrow soil on regraded mine spoils notably enhanced 

plant establishment. Land where the soil was removed (borrowed) revege¬ 

tated naturally without manual reseeding. Although this reclamation 

project was successful, the Surface Mining Control and Reclamation Act 

of 1977 no longer permitted the practice. 

In many areas of the west, sagebrush is undesirable to ranchers and 

increases with mismanagement. It is kept under control by mechanical 

techniques (Vallentine, 1980) such as bulldozing and discing. These 

practices kill or entirely remove most of the sagebrush, which then 

allows the growth of more desirable species. Stripping topsoil from an 

area with undesirable sagebrush can be considered a mechanical range 

improvement practice because the sagebrush is removed. It can be a valid 
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WYOMING 

Figure 1. Location of the Dave Johnston Mine and 
the study site, T34N R75W SEC 10. 
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reclamation alternative for some areas. Abandoned mined lands are areas 

that often cannot support vegetation without a topsoil resource. Thus, 

borrowing topsoil can serve two purposes: (1) it can provide an avail¬ 

able soil resource, and (2) it can remove sagebrush. 

The purpose of this study was to determine if present vegetation 

production, composition, and soils on the borrow area were similar to 

native range at the Dave Johnston Mine. 
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DESCRIPTION OF STUDY SITE 

The study area, located in a Sagebrush Grassland vegetation zone, 

is adjacent to mining activities (Figure 1) and encompasses approxi- 

2 
mately 753 m . The average precipitation is 36 cm per year with most 

rainfall occurring in late spring (May and June) (Glenrock Weather 

Station, 1984). 

The Dave Johnston Mine soil survey revealed that the study area was 

mostly a sandy loam of the Melcor Series (Dave Johnston Mine Staff, 

1982). This unit consisted of very deep, well-drained, sandy clay loam 

soils which weathered in place from unconsolidated or very weakly 

consolidated material on gentle slopes. This soil commonly had a pale 

brown sandy loam surface and a brown sandy clay loam subsoil. The 

subsoil had prismatic structure and was underlain by a light brownish- 

gray, calcareous sandy clay loam. This soil unit was often found on 5 

to 9 percent slopes. The Wobac Series (Dave Johnston Mine Staff, 1982), 

also identified in the survey, was found on steep slopes, ridges, and 

knolls. This unit consisted of well-drained, sandy loam textured soils 

which were shallow to moderately deep. This soil is predominantly non- 

calcareous and is underlain by a soft, weathered arkosic sandstone. 

The schematic shown in Figure 2a represents the study area. Soil 

was removed from 4 m strips arranged in parallel rows across approxi¬ 

mately half of the study site. The 60 cm berms, shown in Figure 2b, 

were left between strips to decrease wind erosion. Figure 2c is an 
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Soil pit description data are listed in Table 1. Soil reaction to 

HCL revealed that most of the soil contained no calcium carbonate. The 

soil also lacked rock fragments, had thin horizons, and only one of the 

samples (B) on the disturbed site had many roots. The other two had few 

or common. Soil structure ranged from single grained to medium 

subangular blocky. The descriptions in Table 1 indicate that the soils 

were mostly Typic Haplargids. According to the mine soil survey, Lithic 

Haplargids were also present in the area. These classifications were in 

agreement with Aandahl's classifications in Soils of the Great Plains: 

Land Use, Crops, and Grasses (1982). 

Table 1. Soil pit data. 

Munsell Soil 
Cm Color Wet/Dry % Rock HCL 

Sample Horizon Depth Moist Dry Structure Consistence Roots Fragments Reaction 

BORROW: 

A B 0-9 10YR5/3-10YR5/4 MoMB vs/lo f N N 

B 9-19 10YR3/3-10YR5/3 MoFiB vs/h vf N N 

Bk 
+19 10YR4/2-2.5Y6/2 MoFiB vs/vh N N S 

B B 0-10 10YR4/4-10YR5/3 WFiG-VCog ss/so c N N 
B 10-18 10YR4/3-2.5Y6/6 MoVFiG-VCog ss/h f N N 

Bt 
18-28 10YR4/3-2.5Y6/6 MoVFiG-SaB vs/h vf N N 

C B 0-6 2.5Y4/4-2.5Y6/6 WSg-CoSaB ss/so m N N 

Br 6-13 10YR4/4-2.5Y5/4 WSg-CoSaB ss/h c N N 

BC 13-18 2.5Y4/2-2.5Y4/4 MVFiG-CoSaB s/h f N N 

B 18-29 2.5Y3/2-2.5Y4/3 MVFiB-VCoB s/vh N N N 

C 
r 

+29 2.5Y4/4-2.5Y7/4 MSg-CoSaB so/h N N N 

NATIVE: 

D A 0-6 10YR3/3-10YR6/3 WSg-CoSaB ss/— m N N 

E 6-11 10YR4/3-10YR6/3 WVFiG-FiSaB ss/— c N N 

B 11-17 10YR3/4-10YR6/3 WVFiG-CoB s/— f N N 

BC +17 10YR4/3-10YR5/4 WVFiG-CoB s/— vf N N 

E A 0-10 10YR3/4-10YR5/3 WSg-VFig se/lo m N N 

E 10-17 10YR4/3-10YR6/3 l-ATFiG-FiSaB se/so c N N 

B +17 10YR3/4-10YR4/4 WVFig-VCoB ss/so f N N 

F A 0-5 10YR3/2-10YR5/2 WSg-Mg ss/Io m N K 

AB 5-10 2.5Y4/4-10YR5/2 VSg-MSaB ss/so c N N 

Bt 
+10 2.5Y4/4-10YR4/4 WFiG-MSaB ss/h f N N 

N=none; S= strong; f= few; vf= very few; m*many; c» 'common; B«blocky ; Mo*moderate; M*medium; Fi=fine; W«weak; 
G=granular ; Sg-singl e grained; V=very; Sa»subangular; Co=coarse; lo»loose; vs«»very sticky; ss«s lightly 
sticky; s= sticky; so =soft; h =hard; vh*very hard; se=nonsticky; - - indicates dry consistence was not noted 
for this sample. 
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actual photograph showing the cut made by the scrapers as they removed 

the topsoil. 

c 

Figure 2. Location of transects on the study site (a), sketch 
of 60 cm berms between the strips (b), and photo of 
the cut made by the scrapers (c). 



7 

Figure 3 shows that approximately 8 to 15 cm of soil were removed 

from the borrow sites. The top two photos compare the disturbed and 

native range soil profiles. The diagram beneath illustrates the 

relationship between the photos and the pit. The borrow area surface 

began at 38 cm and the native surface began at 46 cm, revealing an 8 cm 

difference. 
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Figure 3. Diagrammatic sketch of the native and disturbed sides 
of a soil pit illustrating location of above photos. 
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METHODS AND MATERIALS 

Sampling 

Plant data were collected on 50 m transects in the field. Three 

transects (Figure 2, Transects A, B, C) were randomly placed on the 

borrow area and three (Figure 2, Transects D, E, F) were randomly placed 

on native range next to the borrow area. The undisturbed berms were 

only 60 cm wide, making it impossible to place transects immediately 

adjacent to the disturbed rows (Figure 2). Along each transect, the 

percent canopy cover, by species, was determined. Adjacent to each 

transect, grass and forb production per hectare, by life form, were 

2 
estimated from ten 0.1 m plots clipped at ground level in early summer 

(June 1985). The clippings, made before the annual grazing of the area 

by 2000-5000 sheep, were placed in paper bags and later dried at 38°C to 

constant weight. These values were later compared using a t-test 

(Huntsberger and Billingsley, 1981). 

Statistical Analyses 

Cover data means were analyzed by using a similarity index, which 

is a mathematical method of comparing two different plant communities. 

Spatz's modification of Jaccard’s similarity index (IS) was used because 

it provides a more reliable comparison of reference and revegetated 

communities than the modifications of Sorensen’s index (Chambers and 
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Brown, 1983). Spatz’s modification of Jaccard's similarity index 

consists of two separate parts (Chambers and Brown, 1983): 

The first part (R) expresses the relative similarity 
of the two areas being compared, in terms of the number of 
common species and the differences in importance values 
between individual species. The second part is the quant¬ 
itative application of Jaccard’s index. It examines the 
relative similarity of the two areas in terms of import¬ 
ance values. 

Importance values are generally taken to be measurements of basal area 

or actual numbers of plants, but this study used percent areal cover. 

Spatz’s modification of Jaccard’s similarity index is as follows 

(Mueller-Dombois and Ellenberg, 1974; Chambers and Brown, 1983): 

1. IS = R x MC/MA + MB + MC x 100 

where: 

R = The smaller values of percent cover by life-forms 
common to both areas were first divided by the greater 
values. These fractions were then added up and the sum 
was divided by the total number of life-forms in both 
areas. 

MC = The sum of the values of all life-forms common to both 
the native and disturbed areas. 

MA = The sum of the values of all life-forms in one area. 

MB = The sum of the values of life-forms in the second area. 

Soil Sampling and Analyses 

One pit was excavated at each transect location in order to 

describe the soil profile and collect samples (Figure 3). The soils 

were mostly of one type; therefore, soil spatial variation was not a 

consideration when transects were placed. Within the native range site 

and the borrow site the soil physicochemical properties varied. Samples 

from each morphological horizon were analyzed for texture, electrical 
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conductivity (EC), pH, and saturation percent. Soil physicochemical 

analytical procedures are listed in Table 2. 

A Proctor penetrometer was used to take four penetrometer readings 

along each transect to compare the relative compaction of the borrow 

area and native range surface soils. 

Table 2. Soil physicochemical analytical procedures of field samples. 

Parameter Procedure Reference 

PH Saturated extract 
with combination 
electrode pH meter 

U.S. Salinity Laboratory 
Staff, 195A, pp. 84-88 

EC Saturated extract 
with conductivity 
meter 

U.S. Salinity Laboratory 
Staff, 1954, pp. 84-90 

Soil Texture USDA textural 
triangle 

U.S. Soil Survey Staff, 
1951, p. 209 

Saturation % Saturated soil 
paste 

U.S. Salinity Laboratory 
Staff, 1954, p. 890 

Particle Size 
Analysis 

Hydrometer 
method (8 hr.) 

Day, P.R., 1965, p. 848 

Soil Pit 
Description 

Soil taxonomic 
classification 

U.S. Soil Survey Staff, 
1951 

Soil Color Munsell Color Munsell Color Book 
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RESULTS AND DISCUSSION 

Vegetation Measurements 

Production 

The mean production measurements (Table 3) for forbs and grasses on 

the disturbed site were greater than on native range, however, the 

difference was not statistically significant (P < 0.05). This indicates 

that the removal of 8 to 15 cm of topsoil has not limited plant growth 

on the borrow areas. 

Table 3. Mean production of grasses and forbs on disturbed and native 
range at.the Dave Johnston Mine. 

Mean Production (Kg/Ha) 

Forbs Grasses 

Disturbed Native Disturbed Native 

Sample No. Sample No. Sample No. Sample No. 

A 175 D 3 A 227 D 191 

B 123 E 19 B 315 E 211 

C 58 F 141 C 218 F 273 

Mean^ 119 54 253 225 

(a) 
The forb and grass means from the disturbed site were not sig- 

nificantly different, at the 0.05 level (t-test), from the native means. 

The mean production values for forbs and grasses were low, but this 

was probably because the plants were clipped in' early summer (Table 3). 
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These plants were small and had not yet matured. The forb production 

values on the native sites varied greatly (Table 3). However, this may 

be attributed to the size and placement of the frame. 

Canopy Cover 

Table 4 reveals that Wyoming big sage (Artemisia tridentata) had a 

greater mean percent canopy cover on the native site than the borrow 

site. This accounts for the lower production of grasses and forbs on 

the native area. Rittenhouse and Sneva (1976) reported that for each 

one percent increase in crown cover of sagebrush, crested wheatgrass 

production potential decreased 3.3 to 5.2 percent. The competitive 

advantages of sagebrush, such as its allelopathic effects on the 

germination of grass seeds and its ability to withstand drought, is well 

documented (Robertson, 1947; Blaisdell, 1949; Bleak and Miller, 1955; 

Cook and Lewis, 1963; Johnson and Payne, 1968; Rittenhouse and Sneva, 

1976; Hoffman and Hazlett, 1977; Groves and Anderson, 1981). Thus, the 

forbs and grasses on the disturbed area may have been producing more 

because the disturbed area contained less sagebrush. 

Table 5 lists the mean percent cover for life-forms. A comparison 

reveals that shrubs and half-shrubs cover more ground on the native 

range than on the disturbed range. The native sites had a trace of 

succulents while the disturbed sites had none. These data also showed 

that some life-forms were absent or more common to the native or the 

borrow site. These observations are supported by Spatz's modification 

of Jaccard's similarity index which revealed that canopy covers, by 

life-form, on the borrow and native sites were 14 percent similar. 
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Table 4. Mean percent canopy 
native sites at the 

cover for species found on borrow and 
Dave Johnston Mine. 

Mean Percent Cover 

Species Borrow Native 

Grasses 

Agropyron smithii 7.9 5.9 
Stipa comata 4.1 12.7 
Bromus tectorum 0.1 0.1 
Poa spp. 1.1 3.2 
Vulpia octoflora 0.1 0.0 
Oryzopsis hymenoides 1.2 0.0 
Stipa viridula 2.4 0.0 
Bouteloua gracilis 0.0 7.9 
Calamagrostis montanus 0.3 0.0 
Koleria spp. 0.0 0.1 

Mean Totals 17.2 29.9 

Shrubs and Half-Shrubs 

Artemisia tridentata 0.7 17.1 
Artemisia frigida 0.8 0.2 

Mean Totals 1.5 17.3 

Forbs 

Heterotheca villosa 0.0 0.1 
Oxytropis spp. 0.3 0.0 
Phlox hoodii 9.0 0.8 
Sphaeralcea coccinea 0.8 0.0 
Cirsium undulatum 0.1 0.1 
Xanthocephalum sarothrae 0.9 0.0 
Other forbs 0.1 0.3 

Mean Totals 11.2 1.3 

Succulents 0.0 0.7 
Lichen 0.6 1.5 
Rocks 1.4 0.0 
Litter 11.6 25.5 
Bare Ground 57.4 32.6 
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According to Chambers and Brown (1983), a low similarity index reveals 

that fewer life-forms are common to both areas, while a similarity index 

value of 80 percent ordinarily indicates that the two areas are highly 

similar. 

Table 5. Mean percent cover for life-forms found on borrowed and native 
range sites at the Dave Johnston Mine. 

Life-Form 

Mean Percent Cover 

Borrow Samples Native Samples 

A B C Mean (a) D E F Mean^ 

Grasses 1.6 1.3 1.0 1.3 2.2 2.1 2.1 2.1 

Shrubs & Half-Shrubs 0.3 4.8 2.2 2.4 8.3 17.2 0.5 8.7 

Forbs 2.5 1.0 1.3 1.6 0.0 0.0 0.5 0.2 

Succulents 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.7 

Lichens 0.1 1.0 0.6 0.6 1.0 0.5 3.0 1.5 

(a) 
The borrow and native sample means had a similarity of 14 per¬ 

cent according to Spatz’s modification of Jaccard^ similarity index. 

The low similarity in life-forms may have been a result of reveget¬ 

ation. A denuded area begins again with secondary succession, which is 

at a different successional level than an undisturbed neighboring 

community. Thus, life-forms in the early years of revegetation on a 

disturbed site will not be similar to a native site. It is suspected 

that over time, with the right conditions, a disturbed site will become 

similar to a native site. 
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Succession 

In the study area the species that indicates the difference in 

successional stages between the native and disturbed range is Wyoming 

big sagebrush. As shown in Table 4, Wyoming big sagebrush has a higher 

mean percent canopy cover on the native sites, because sagebrush was 

removed from all the borrow areas with the topsoil. At present, sage¬ 

brush has not yet achieved its potential on the disturbed sites. This 

illustrates that the successional stage on the borrow area is different 

from the native range. It also shows that borrowing topsoil may be used 

as a range improvement practice. This has great implications for 

ranchers who presently use mechanical techniques, such as chaining and 

bulldozing (Vallentine, 1980) to remove sagebrush from cattle grazing 

areas. 

Borrowing—A Coversoil Resource 

On land needing a coversoil resource, such as abandoned mined 

lands, a desirable topsoil source could be sagebrush-dominated native 

range adjacent to the disturbed area. Borrowing topsoil from the native 

sites would provide a double service. First, a coversoil resource would 

be created; second, sagebrush would be removed along with the topsoil 

allowing the rancher to seed the area to species desirable to cattle 

grazing. Sagebrush would return, but slowly, as evidenced by the slow 

return on the study site. It has been more than ten years since the 

study site was disturbed and sagebrush is only present as small plants, 

which provide little cover as compared to the native sites (Table 4). 
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Sagebrush Competition 

The slow return of sagebrush may be due to the competitive nature 

of grasses. Blaisdell (1949) found that reseeded grasses established 

concurrently with sagebrush suppress sagebrush seedling growth. On the 

borrow area, the grasses and sagebrush probably established 

simultaneously, which may have given the grasses an initial advantage. 

However, Blaisdell (1949) also discovered that sagebrush eventually 

gained a prominent position in the stand. 

The increase in prominence of Wyoming big sagebrush that Blaisdell 

noted may be due to its allelopathic properties. Leaf extract and leaf 

litter of sagebrush are known to reduce the germination of some grasses 

and forbs (Hoffman and Hazlett, 1977; Groves and Anderson, 1981). Thus, 

it is suspected that sagebrush will eventually regain a prominent 

position on the disturbed sites. 

Bouteloua gracilis Enigma 

The borrow area does not contain all of the plant species found on 

native range (Table 4). Blue grama {Bouteloua gracilis) has an average 

cover of 7.9 percent on native range, but it is missing from the 

disturbed site. Other vegetation, including Koleria spp., Hetherotheca 

villosa, and some succulents (Table 4) were missing from the borrow 

site, but were present on the native site in minute quantities. 

Blue grama usually does not invade abandoned farmland, as noted by 

Marlatt and Hyder (1970). It is thought that the morphological charac¬ 

teristics of this grass, and the present environment, have inhibited the 

successful reinvasion of blue grama seedlings on disturbed areas (Hyder 



18 

et al., 1971; Briske and Wilson, 1977; Wilson, 1981; Wilson, 1984; 

Samuel, 1985; Ryder, 1971). 

When blue grama is three to seven weeks old, it requires three or 

four consecutive days of wet, cloudy weather for successful extension of 

adventitious roots from the crown of the primary shoot (Ryder, 1971). 

Also, it has a short coleoptile (Figure 4) which places the adventitious 

roots 2-6 mm from the soil surface (Ryder et al., 1971; Ryder, 1971). 

Under a semiarid climate the weather conditions necessary for root 

growth often do not coincide with root establishment needs. Because 

roots are only 2-6 mm from the soil surface, they are subjected to 

extreme temperatures as well (Ryder, 1971). 

Figure 4. Diagrammatic sketch of blue grama seedling showing short 
coleoptile and adventitious roots near the surface. 

Briske and Wilson (1977) pointed out that established blue grama 

plants may support new tillers for longer than seven weeks, decreasing 

the new plantfs dependence on the timing of precipitation. However, the 
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increased lifespan of a tiller over a seedling does not ensure that 

proper conditions will occur at the right time. Mature plants are often 

naturally covered with litter or wind-blown soil, which conserves 

moisture (Briske and Wilson, 1977); but the adventitious roots of new 

tillers are still susceptible to soil moisture loss. Thus, blue grama 

roots are subject to dessication because their adventitious roots grow 

too close to the surface where soil moisture evaporation is high. 

Annual Vegetation 

There was no major invasion of annuals such as cheatgrass (Bromus 

tectorum) on the borrower area. This seemed unusual because many 

disturbed areas support annual plant populations (Skilbred, 1979; 

Plantenberg, 1983). Several factors may be involved, such as seed 

source proximity and microsite suitability and successional stage. For 

example, the native range plots only had a few cheatgrass plants. No 

other annuals, except for six-week fescue (Vulpia octaflora), were 

noted, indicating a small annual seed source. 

For the establishment of annuals, such as cheatgrass, certain seed 

bed characteristics including litter, soil burial, and microtopography 

must be present (Evans and Young, 1972). These conditions were 

initially absent on the borrow areas. Even after the establishment of 

vegetation, soil moisture evaporation probably kept the annual 

population low. The borrow site had sandy surface soil textures (Figure 

5) which allowed moisture to evaporate from the larger soil pores, thus 

making the soil surface dry. Annuals have shallow roots and surface 

drying impedes their establishment. 
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Successional development may also explain the absence of cheat- 

grass. On abandoned farmland in southern Idaho, cheatgrass was found to 

be part of the successional trend (Klemmedson and Smith, 1964). The 

first plant to occupy the bare soil was Russian thistle (Salsola kali) 

and that was followed by species such as Descurainia, Sisymbrium, and 

Bromus. After about five years cheatgrass became dominant. Eventually 

perennials began to invade and after about ten years they became the 

dominant life-form. The borrow area may have already passed through a 

cheatgrass stage. This cannot be documented positively because no plant 

data were collected in the early successional stages from the borrow 

sites. 

Soil Measurements 

Penetrometer Data 

Mean penetrometer data for surface soils revealed that the native 

2 
range site needed an average of eight more kg/cm for instrument pene¬ 

tration (Table 6). 

The penetrometer means were significantly different (P < 0.05), 

indicating that the surface soil on the native range was crusted or 

slightly compacted. This difference could be due to several factors, 

including the texture of the surface material, the organic matter con¬ 

tent, moisture content of the surface at time of penetration, or grazing 

practices. The area has a history of overgrazing (personal communica¬ 

tion with Chet Skilbred), and these data indicate that the higher 

penetrometer values may be caused by animal hoof compaction. 
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Table 6. Mean penetrometer data for surface soils. 

Mean Penetrometer Data (Kn/Cm) 

Borrow Samples Native Samples 

A B C Mean^ D E F Mean 
(a) 

10 12 8 10 20 16 18 18 

(a) 
The mean penetrometer reading from the borrow area was signifi- 

cantly different (P < 0.05) from the one on native range. 

The soils within the study area had several different textures. 

They were primarily sandy loams, but variations existed from transect- 

to-transect. The surface soils on the borrow area had clay, loam, and 

sandy loam textures, and the surface soils on the native sites had loam 

and sandy loam textures (Figure 5). 

Although the soils were not all one texture, they did show that the 

sandy loam soils on the native area (sites E and F) had higher pene¬ 

trometer readings than the sandy loam soil on the borrow area (site C) 

(Table 6). The loam on the disturbed area (site B) had a lower pene¬ 

trometer reading than the loam on the native range (site D). 

Surface penetrometer readings on the native range were higher than 

the borrow areas, even within the same textural class. The difference 

in readings was probably due to compaction by range animals. 

Penetrometer data are affected by the moisture and the organic matter 

content of soil, but that type of data is not available. However, the 

first few centimeters of soil with similar textures, in both areas, may 

have had similar moisture contents. If the moisture contents were 

similar, then they probably did not affect the penetrometer readings. 
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Other Soil Parameters 

Four soil parameters were compared between the native and the 

borrow area. These were electrical conductivity (EC), pH, texture, and 

saturation percent, as illustrated in Figures 5-8. 

The clay texture found on disturbed site A (Figure 5) was the only 

texture which was considered marginal by the Wyoming Department of 

Environmental Quality (WDEQ) topsoil suitability criteria. It probably 

had a clay texture to begin with, because texture on the native range 

had the same or similar texture for the first several centimeters 

(Figure 5). Therefore, the present texture on borrow site A would not 

necessarily be limiting to revegetation if the topsoil had the same 

texture and was capable of supporting vegetation. 

The range of EC’s on both sites was similar. Figure 6 shows that 

the lowest EC (0.1A mmhos/cm) occurred on native site E, between 10 and 

15 cm. The highest reading (0.38 mmhos/cm) occurred on native rangeland 

at a depth of 11 to 17 cm. The highest borrow area reading was only 

0.08 mmhos/cm less than the native. Both areas were well within the 

Wyoming DEQ criteria for suitable topsoil (0-8 mmhos/cm). The low EC 

values indicate a non-saline soil (U.S. Salinity Laboratory Staff, 

1954). 

Although the ranges of pH values (Figure 7) from one area to 

another were different, the disturbed range had values which were within 

the Wyoming DEQ suitable topsoil criteria (5.5-8.5). The native range 

(Site E, Figure 7) had one pH value (5.2) that was within the DEQ 

marginal topsoil criteria (5.0-5.5), but it did not seem to affect mean 
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production (Table 2) or mean percent cover (Table 4). Generally, Figure 

7 shows that soil pH was variable. This indicates that pH must be 

studied in order to determine a soil’s suitability for topsoil borrow¬ 

ing. In this study, topsoil removal did not uncover soil with an 

unsuitable pH. 

The range of saturation percent (Figure 8) in the disturbed area 

(18-42 percent) was similar to the native area (19-36 percent). Some 

values were marginal (<25 percent) and fell short of Wyoming DEQ 

suitable saturation percentage criteria (25-80 percent). Seven of the 

marginal values were from native range sites and only three were from 

borrow areas. The low saturation percent may be a result of the sandy 

loam and loamy surface textures. Sandy textures tend to promote 

draining and evaporation, which makes moisture unavailable to plants. 

These data (Figure 8) indicate that topsoil removal on disturbed land 

did not increase the amount of soil with marginal saturation percentages 

near the surface. Therefore, saturation percent on the borrow area 

revealed that the soil had an adequate soil moisture holding capacity. 
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SUMMARY 

Eight to fifteen centimeters of topsoil were removed from native 

range for use on mined reclamation areas. The site where topsoil was 

removed was allowed to revegetate naturally. Production and cover data 

were collected along six 50 m transects. Soil samples were collected 

from each site and analyzed for EC, pH, texture, and saturation percent. 

Canopy cover on the borrow area was found to be only 14 percent similar 

to the native range, but production on these sites was comparable. The 

soils remaining at the borrow area displayed no factors that limited 

plant growth. 
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CONCLUSIONS 

From the results of this study, it can be concluded that: 

(1) Grass and forb production was not curtailed by the removal of eight 

to fifteen centimeters of topsoil. 

(2) Grass and forb canopy cover was slightly higher on the disturbed 

range, probably because there was less competition with sagebrush. 

(3) Spat's modification of Jaccard's similarity index revealed that 

canopy cover between the native and borrow sites had a similarity 

of only 14 percent. This indicates that some of the life-forms 

were more common to either area, but not both. 

(4) Blue grama (Bouteloua gracilis) has probably not reinvaded the 

borrow area because its adventitious roots grow too close to the 

surface where soil moisture loss was high. 

(5) Annual vegetation was probably not present because seedbed and 

microclimatic conditions were unsuitable. 

(6) The EC of all soils tested was low. The range of EC on both the 

borrow and native land was similar; therefore, topsoil removal did 

not uncover unfavorable salt levels. 

(7) The pH values differed from one site to another, but most were 

within the Wyoming Department of Environmental Quality's topsoil 

suitability criteria (5.5-8.5). Topsoil removal did not uncover 

soils with unsuitable pH levels. 
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(8) The range sites and borrow areas had sandy loam, loam, sandy clay 

loam, and clay textures. Topsoil removal did not expose compacted 

soil horizons high in clay content that could be unfavorable for 

plant establishment. 

(9) The removal of topsoil on borrow areas did not expose soil with 

marginal saturation percent values. 

(10) The penetrometer means were significantly different (P < 0.05), 

indicating that the surface compaction may have been caused by 

grazing practices. 
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RECOMMENDATIONS 

These vegetation and soil data indicate that borrowing topsoil 

is a procedure than can be used as an alternate reclamation method. 

Although it is not the most desirable technique for all places, it has 

merit for use on abandoned mined lands where a coversoil resource is 

needed, but unavailable. 

Borrowing topsoil can serve a dual purpose on rangeland where 

sagebrush is considered undesirable. Ranchers use many range improve¬ 

ment practices, such as chaining and bulldozing, to kill sagebrush. 

Topsoil removal, as this study indicates, gives the competitive advan¬ 

tage to grasses. Thus, pasture with too much sagebrush is a prime 

candidate for use as a borrow area for nearby abandoned mined lands. 

The disturbed area may then be seeded to species more desirable to the 

rancher. 

Topsoil borrowing is a practice that should be considered as an 

alternate reclamation method. However, borrowing topsoil is not 

recommended for every situation. Some sites may have limiting factors 

to plant growth such as steep slopes and unsuitable soils. Such lands 

would not be appropriate for topsoil borrowing. 
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