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FOREWORD

This report was prepared by the United States Bureau of
Mines, U.S. Department of the Interior. The project was
initiated under the Minerals Environmental Technology Program,
It was administered under the technical supervision of Monte B.
Shirts. This report was submitted by the authors in April
1987.
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Effects of Stockpile Storage on Topsoil Characteristics
in Arid Climates

By L. J Froisland,' W. K. Tolley,? and M. B. Shirts?®

ABSTRACT

To aid in minimizing adverse environmental impacts of mining and
mineral processing, the Bureau of Mines studied changes in soil
characteristics in topsoil stockpiled during mining operations.
Topsoil stockpiles in arid areas of New Mexico, Utah, and Wyoming were
sampled over a 1- to 2-yr period to determine any changes in physical,
chemical, or biological parameters in the top 15 ft of soil.
Parameters examined in this study included soil moisture, PpH,
electrical conductivity, and cation exchange capacity; total nitrogen,
organic carbon, carbon to nitrogen ratio, extractable potassium, and
soluble phosphorus levels in the soil; general levels of bacteria
activity in the soil; and productivity of the soil as measured by shoot
yield in growth tests.

Data were analyzed by multiple linear regression to determine
possible effects of stockpile age and depth. Bacteria population
counts, used as an indicator of general bacterial activity, was the
only parameter found to be significantly correlated with stockpile age.
and depth at more than one site. Bacterial activity increased with
depth at the two sites where it was measured. Activity increased with
age at one site and decreased with age at the second. Significant
changes in soil pH, electrical conductivity, and moisture were
significantly correlated with stockpile age and depth at single sites.
This study did not show significant, consistent deterioration in soil
characteristics or growth yield of topsoil stored in stockpiles.
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3Research supervisor.
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INTRODUCTION

Over 150,000 acres of land in the United States are stripped each
year to extract coal and other minerals lying beneath the surface.
Because surface mining is usually the most economical method of
recovering coal in the Western United States, land-stripping is
expected to increase significantly as the United States expands its
domestic energy program in the next decade. Large tracts of strippable
coal deposits lie west of the Mississippl River, where arid climates
and relatively infertile solls can pose significant reclamation
problems. Coal surface mining began in the Western United States in
the early 1900's; large-scale mined land reclamation began only within
the last two decades., By 1980, 4 million acres of land or nearly 0.2
pct of this country's total area, had been disturbed by surface mining;
but only 55 pct of the disturbed area had been reclaimed (12)."
Unreclaimed areas often remained as barren piles of mine spoils,
subject to wind and water erosion, and contributing to air and water

pollution.

“Underlined numbers in parentheses refer to items in the list of
references at the end of this report.

Legislation has been enacted on both state and federal 1levels to
regulate the reclamation of surface-mined lands. A current regulation
of the Surface Mining Control and Reclamation Act (PL 95-87) requires
surface-mine coal operators to remove topsoil from sites to be mined
and to redistribute it over recontoured mine spoils as soon as
practical (26). Removed topsoil that cannot be immediately
redistributed over regraded spoils is stored in stockpiles for a few
weeks up to many years. Stockpiles can vary in depth up to 30 ft and
may cover several acres. The buried soil is isclated from moisture and
atmospheric conditions encountered in an undisturbed state. Physical
structure and biological content can be altered by stripping and
stockpiling; and stripping often takes more than the topsoil layer, so
that the stockpile may contain a mixture of topsoil and subsoil.

Past experience indicates that productivity of redistributed
topsoil can be significantly lower than that of undisturbed topsoil.
Studies made in Illinois, Ohio, and Pennsylvania found corn production
on reclaimed coal mine lands with redistributed topsoil to be from 4 to
70 pet lower than on undisturbed soils in nearby fields (gl). If such
productivity decreases occur in the relatively infertile soils found on
western mining sites, vast barren areas could result even if the
topsoil is managed in accordance with legal requirements.

Previous research on stored topsoil was conducted in North Dakota
(15, 24), Wyoming (25), and in England (2, 11). Results showed
decreases in biological activity in stored topsoil; but the changes
occurred very slowly, sometimes taking 10 yr or more to be noticeable.
Other parameters such as cation exchange capacity also tended to be



lower in stored soils than in undisturbed soil. Changes occurring in
stored topsoil in these areas where normal annual precipitation is 17
in or more (2, 16, 25), could be different than changes occurring in
some parts of the Western United States where annual precipitation is
much less.

Since 1965, the Bureau of Mines has researched methods to reclaim
mining and mineral processing wastes (6-7, 9-10, 14). A study was
initiated in 1980 to determine physical, chemical, or biological
changes occurring in topsoil stockpiled in mining of coal or other
materials in arid sites in New Mexico, Utah, and Wyoming. This report
summarizes laboratory analyses of soil characteristics and plant growth
in topsoil samples collected annually from each stockpile site over a
1- to 2-yr period.

CLIMATE AND DESCRIPTION OF TEST SITES

Three sites were selected for topsoil study: two coal strip mines
and a uranium mill. One coal mine is near Farmington, NM; the other is
near Kemmerer, WY; and the uranium mill is near Ticaboo, UT.

Farmington, NM - The 8San Juan coal strip mine, owned by Utah
International Corp. and operated by San Juan Coal Company, is located
about 15 miles west of Farmington in northwest New Mexico. This mine
lies in a high desert environment at 5,100-ft elevation. The terrain
is rolling, broken hills; the predominant parent rock for the soil is
shale. The area is sparsely covered with Atriplex species and native

grasses.

The climate in this area is arid with precipitation averaging about
7.5 1in annually. Mine officials stated that average annual

precipitation at the mine site is 6.6 in. Mean temperatures range from
76° F in the summer to 29° F in the winter (17).

The topsoil stockpile chosen for study at this site was constructed
in late 1978 and early 1979, about 18 months before the first sampling
in June of 1980. Approximately 25 ft high, the stockpile covers about
two acres and is built in an "L" shape, figure 1. The topsoil pile
lies on level terrain where water would drain away. Russian thistle
and an unidentified species of grass had invaded the stockpile at the
time sampling began, but plant cover was still sparse.

Kemmerer, WY - The Kemmerer coal strip mine, Pittsburg and Midway Coal
Mining Co., lies approximately 5 miles southwest of Kemmerer. Shale is
the predominant parent rock for soil in this area. The elevation is
approximately 6,900 ft in a high plains desert with mostly sagebrush
and Jjuniper tree vegetation. Sagebrush ground cover is dense except
for rocky outcroppings, which are barren.
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FIGURE 1. ~ Topsoil stockpile near Farmington, NM.



The climate in this part of Wyoming is arid with precipitation
averaging about 9.5 in annually. Mean temperatures range from 63° F in
the summer to 17° F in the winter (19).

Two stockpiles were selected for sampling at this site. One had
been in place for about 7 yr; the other about 2 months when sampling
started. Each stockpile is 20 to 25 ft high and covers about t acre.
The stockpiles, pictured in figures 2 and 3, are about 400 yd apart and
contain soil from the same hillside. Stripping commenced on the
hillside in one direction in 1972; 7 yr later, stripping commenced from
the same point in the opposite direction. Vegetation on the older
stockpile consists of weedy plants and some grasses, while the newer
stockpile was barren throughout the study period. Data from the two
stockpiles were combined for statistical analysis.

Ticaboo, UT - Located near Ticaboo in southern Utah is Plateau
Resources, Limited's Shootaring Canyon uranium mine and mill. This
complex is situated at approximately 4,000-ft elevation in an area of
sandstone cliffs, which was parent rock for the topsoil. The mill site
vegetation is sparse with yucca, sagebrush, blackbrush, and galleta
grass being the predominant species.

)

The climate at this site is arid with precipitation averaging about
8 in annually. Mean temperatures range from 81° F in the summer to
4o° F in the winter (18). '

Topsoil was stripped from the mill site in 1978 prior to
construction and stockpiled in a small "Y" shaped canyon nearby. This
topsoil will be spread over the uranium tailing ponds as they are
filled and over the mill site after decommissioning and
decontamination.

The stockpile varies in depth according to the contours of the
canyon and reaches a maximum depth of about 40 ft. The stockpile is
shown in figure 4. When sampling started in 1981, the stockpile was
devoid of plants. Some revegetation had started the following year
through seeding and natural invasion of plants onto the stockpile.

SAMPLING PROCEDURES

Topsoil stockpiles at all three sites were sampled down to 15 or 16
ft. Samples collected at 1-ft intervals were sealed in plastic bags as
quickly as possible and kept sealed until tested and analyzed.
Sampling in 1980 at the Farmington site was done with a 2-1/2-in-diam
hand auger. Later samples were taken with a 4-in-diam hydraulic auger.
Several sample holes were drilled at each site to provide mean values
for measured characteristies.

11
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FIGURE 4. - Topsoil stockpile near Ticaboo, UT.



Farmington - Eleven sets of drill samples were taken and analyzed over
a 2-yr period. Two sets were taken in 1980 using the hand auger.

Three sets were taken in 1981 using the hydraulic auger, one from each
of the same areas as those in 1980, and one from a different area of
the pile. In 1982, six holes were drilled, three around each of the
two 1980 drill sites. Because the origin of the soil in this stockpile
was not known, no undisturbed soil samples were taken from this site.

Kemmerer - Eleven sets of soil samples were taken and analyzed over a
1-yr period. 1In 1981, two sets of samples from the 7-yr-old stockpile,
one set from the 2-month-old stockpile, and one set of undisturbed,
native samples were taken. In 1982, three sets from each stockpile and

one set of native samples were taken.

Ticaboo — Seven sets of soil samples were taken and analyzed over a
1-yr period. In the spring of 1981, one set of samples from the
stockpile and one set of undisturbed, native soil samples were taken.
About 4 months later, a second set of samples from the same area of the
stockpile and a second set of native samples were taken. The two sets
of native samples were considered as a single set for statistical
analysis. In 1982, three sets of soil samples from the stockpile and a

set of native samples were taken.

SOIL CHARACTERISTICS

Soil characteristics determined annually in this study included
physical, chemical, and biological factors known to affect plant
growth. Growth tests were conducted each year to determine '
productivity of the soils. Tall wheatgrass (Agropyron elongatum), a
grass which had been used successfully by the Bureau in revegetating
several disturbed sites, was used in these growth tests. Results of
analyses and growth tests are described in this section.

PHYSICAL ANALYSIS

Moisture content of the soils was monitored over the test period.
A sample of so0il was weighed, dried overnight at 105° C, and reweighed.
The results are reported on a dry weight basis.

Soil texture and compaction were not determined because of the
drilling method used to obtain the samples. The auger drill loosened
and thoroughly mixed the soil during the sampling operation.

CHEMICAL ANALYSIS

Chemical properties monitored over the test period included bulk
chemical analysis, soil pH, electrical conductivity, ang cation
exchange capacity. Samples for analysis were taken from each of the 1-

ft—-interval samples.

15



Bulk Chemical Analysis

Soil samples were analyzed for bulk content of nitrogen and organic
carbon. Total nitrogen in the soil was determined by a Kjeldahl
analysis. Organlc carbon, which includes carbon contained in coal, was
determined in a wet-combustion procedure (1). Heavy metals were
determined by an inductively-coupled-plasma analysis of soil digested
in acid, but the concentrations were very low and were not included in
the statistical analysis. Total nitrogen was divided into organic
carbon to give a carbon-to-nitrogen ratio (C-N).

Soil pH

Soil pH was determined for each of the 1-ft-interval samples using
0.01M CaCl, solution in a 1:2 soil-to-solution ratio. Slurries were
agitated for 30 min and then allowed to settle for 30 min. The pH
measurements were taken with the electrode tip immersed in the settled
sediment. This method has several advantages (gg):

1. The pH is independent of dilution over a wide range of
soil-to-solution ratios.

2. The observed pH is essentially independent of soluble
salts present in the soil. This minimizes
variations in pH values from different levels
in the stockpiles due to changes in soluble
salt content,

3. The soil pH'measured in 0.01M CaCl, represents more
nearly the soil pH under actual field conditions.

Electrical Conductivity

Soil samples were analyzed for electrical conductivity (EC) by
adding 10 g of air-dried soil to 50 mL of distilled water. This slurry
was agitated for 30 min and then allowed to settle for 30 min. About
40 mL of extract was decanted and centrifuged, and about 35 mL of the
clarified extract was placed in the conductivity tube. The EC was
measured using a direct-reading, Wheatstone-bridge type conductivity
meter and reported as micro-Siemens per centimeter (uS/cm).

The 1:5 soil-to-water ratio was chosen as being most appropriate to
follow changes in soluble salt content at various levels in the topsoil
stockpiles over time. The 1:5 ratio permits simple removal of the
extract and rapid completion of the determinations (i).

Cation Exchange Capacity

Cation exchange capacity (CEC), defined as the amount of
exchangeable cations per unit weight of soil, was measured and recorded
in milliequivalents per 100 grams of soil (meq/100 g). The CEC was
measured using a silver thiourea {(AgTU) extraction process followed by
chemical analysis of the extract (gi). The only cations found to

16



contribute significantly to the CEC in the soils from the three sites
were sodium, potassium, magnesium, and calcium. Tabulated values are
based on these four elements.

Potassium and Phosphorus

Available potassium and soluble phosphorus may be determined by
extraction with water, weak acids, or salt solutions (§). Exchangeable
potassium and soluble phosphorus levels in this investigation were
determined in the same AgTU extractions used for cation exchange
capacities. Levels of AgTU-extracted potassium and phosphorus provided
relative value series for evaluating changes in availability of these
elements among samples. Results from these analyses are reported as
concentration in the extract.

BIOLOGICAL ANALYSIS

Biological activity in the topsoil stockpiles was monitored by
dehydrogenase analysis and by agar plate population counts for both
bacteria and fungi. Samples for these determinations were taken from

each 1-ft-interval soil sample.

Dehydrogenase

Dehydrogenase activity, or the ability of some microbes to reduce
2, 3, 5-triphenyltetrazolium chloride (TTC) to a red formazan dye in
the absence of oxygen, was used as an index of general soil
microorganism activity (i). The procedure followed in this study was a
modification of a rapid procedure developed to follow microbe activity
in disturbed soils (13). Duplicate samples were weighed out and mixed
Wwith a solution containing 24 g/L TTC and 50 g/L dextrose, which
provided a source of organic carbon for the soil microbes. Soil
weights and solution volumes yielding the highest microbial response
were determined for each soil type before analyses were begun, and
these weights and volumes for each soil were held constant from year to
year to permit comparison of the data. Solution volumes were
sufficient to immerse the soil samples and thus exclude oxygen from the

soil.

The immersed soil samples were then incubated in the dark for 48 h
at 28° C. Following incubation, methyl alcohol was added to each
sample at a methyl alcohol-to-TTC solution volumetric ratio of 5:1.
The mixtures were agitated for 30 sec and returned to the incubator for
2 h to extract the red-colored formazan product of the TTC reduction.
Samples were then centrifuged to obtain clear, supernatant solutions.
Formazan concentrations were determined spectrophotometrically by
measuring absorbances at 485 nm. Results were converted to micrograms
of formazan per gram of soil (ug/g) by calibration with standard
formazan solutions. Generally, increasing absorbance values indicate
increasing microbial activity in the soil.

17



Bacteria and Fungi Populations

Bacteria and fungi population counts using a modified agar
pour-plate method (5) was used as a second indicator of biological
activity. This procedure does not detect all strains of bacteria or
fungi but does yield values which indicate relative lewvels of microbial

activity.

The specific procedure was as follows: Soil, weigted to yield 20 g
dry weight equivalent as determined by the soil moistwure measurement,
was added to 80 g of sterile, demineralized water. Ths slurry was
agitated with a wrist shaker for 4 h. These suspensions were diluted
in series as follows: 1:50; 1:250; 1:500; 1:2500; 1:3000; 1:1X10%;
1:5X10%; 1:1X10%; 1:5X10°%; and 1:1X10%. Three repliczte pour plates
per dilution were prepared for each sample. One milliliter of diluted
slurry was pipetted into a sterile 100 by 15 mm Petri Zish. Twenty
milliliters of sterile peptone-glucose agar were pour=3 into the Petri
dish and swirled into the sample. The plates were allowed to
solidify, then inverted and placed in an incubator at z8° C for 96 h.
Generally, only plates showing 50 to 150 colonies per tlate were
selected for counting. When the number of colonies dii not fall into
this range, the lowest dilution was counted. Bacteriz and fungi
colonies were counted separately. Reported data are the mean values of
all replications from each dilution counted.

GROWTH TESTS

Tall wheatgrass was seeded into soil samples as a measure of
productivity for the stockpiled topsoil. Undisturbed soil samples from
both Kemmerer and Ticaboo sites were included in the z~owth testing.
Undisturbed soil was not available from the Farmingtcn site. The age
of these undisturbed samples was taken to be "O" (zerc) with respect to
the stockpiled soil regardless of the year in which tx=y were
collected. Because of the relatively small amount of so0il obtained
from each 1~-ft interval in the sample holes, most sazples taken in 1981
and 1982 were combined into 2-ft intervals for the growth tests. Thus,
growth testing was done with soil from depths of 0 tc 2z ft, 2 to 4 ft,
etc. Most of the sample holes extended past 15 ft desp and the excess
s0il was used in the 15-ft-deep growth test. The twc soil samples
combined for each test were thoroughly mixed, and app~cximately 5 kg
was placed in a planting box measuring 23 by 17 by 12 o=,
¥

In growth tests performed on soil samples collect=3 in 1980 and
1981, 20 tall wheatgrass seeds were planted in each tcx. The boxes
were placed in a greenhouse and the plants were growr “or 8 weeks. At
the end of that period, the shoots were clipped, driez, and weighed to
determine dry matter production. In 1982, the procecdoe was modified
because there was no greenhouse available. One gram =7 seeds
(approximately 175 seeds) was planted in each box; ths boxes were
maintained under fluorescent lights in the laboratory:; and the growth
period was shortened to 5 weeks because of decreased zvailable space.

18



These procedural changes prevent comparison of 1980 and 1981
productivity data with 1982 productivity data, but correlation of other
parameters with growth for each year and correlation of growth data
with stockpile depth is still justified.

STATISTICAL METHODS

Linear regression analysis was used to determine simple
correlations between soil characteristics, and multiple linear
regression was used to determine correlations between soil
characteristics and the stockpiling parameters of age and depth.
Statistical significance of the regression and individual parameter
coefficients were assessed with F-tests and Students' T-tests,
respectively. Statistical tests are outlined in more detail in

Appendix A.
RESULTS AND ANALYSIS

This section of the report discusses data obtained from various
assays and determinations performed on the soil samples. Ranges of
data values, simple correlations, and multiple linear regression
analyses are presented and discussed here. Raw data obtained during

this study is presented in Appendix B.

VALUE RANGES

Table 1 shows the range of values for each parameter at each site
and gives some generally accepted values for these parameters in
agricultural soil. These value ranges point out some similarities and
differences between the soils at the three sites. -

) Kemmerer soil contains up to three times as much organic carbon
and up to twice as much total nitrogen as do the others. 1In
general, however, nitrogen and carbon contents in all three
soils are below the accepted values for agricultural soils.

) Kemmerer soil is slightly acid while Farmington and Ticaboo
soils are slightly basic. With few exceptions, however, soil
samples from all three sites had pH values within the range of
4 to 8, which is considered to be suitable for plant growth.

° EC levels at all three sites are in the nonsaline
classification of less than 4,000 pS/cm.

° CEC values for Ticaboo soils are lower than for the other two,
in accordance with the sandy soil texture compared with the
loamy soils of Farmington and Kemmerer. All three soils show
CEC values below the accepted agricultural values.
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) Microbial activity in all three soils is lower than in
agricultural soil.

® Shoot yields were lower in the sandy Ticaboo soil under both
sets of growth conditions than for either of the other two
solils.
TABLE 1. - Range of parameter values for each stockpile site
Parameter ranges Generally accepted’
Parameter Farmington Kemmerer Ticaboo agricultural
High Low High Low | High Low soil values
Moisture content...pct.. 18.7 3.6 16.4 1.5 10.9 1.2 NA
Total nitrogen..... pet.. A7 .01 .33 .01 &) (M 0.05-.25
Organic carbdbon..... pet.. .9 0 6.6 .2 2.01 0 2-6
Carbon-nitrogen ratio®*..| 50 0 220 1.1 ND ND NA
Soil PHevevvevvvnennenns 8.7 6.9 7.5 | 3.4 8.1 6.7 4-8
Electrical conductivity,
US/CMe s vvvinennnnnnnan 3500 118 960 20 220 60 <4,000
Cation exchange capacity
«..meq/100 Bovrevunnn .1 341 7 15.4 | 4.2 6.5 | 2.4 50-60
Available potassium,ppm. 61 3 37 2 8 2 NA
Soluble phosphorus, ppm.. 1 0 1.3 0 1 0 NA
Dehydrogenase.....mg/g..| 18.3 L1610 28,31 0 5.3 | 0.03 NA
Bacteria counts..10%/g..| 315 D 2465 04 29.5 | 1.3 ~-4,000
Fungi counts..... 10%/g..] 223 L4 865. 2.4 §1.5 | 2.2 ~-1,000
Shoot yield, g
1980, iviiiinnaneens . 5.61 .39 ND ND ND ND NA
1981 it iiinnneeees 6.37 .54 8.14 .93 1.23 L2 NA
1982, 00uvun vaeears 3.24 .15 3.39 .88 1.15 .51 NA

'Below detection limits in a
20btained by dividing organic carbon content

ND Not determined.
NA Not available.

11 samples.

CORRELATIONS AND REGRESSIONS

by total nitrogen content.

Correlations among measured soil characteristics, plant growth, and
stockpile parameters of age and depth were determined by statistical
analysis of raw data from each site.
the plant growth parameter of shoot yield were regressed on stockpile
age and depth in a multiple linear regression analysis using age and

depth as independent variables.

and 1 pet are noted in the tables.
in this section along with a discussion of similarities among sites.
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Farmington, NM

Correlations

Simple linear correlations among soil characteristics, plant growth
as measured by shoot yield, and stockpile age and depth for topsoil
samples from the Farmington stockpile are shown in table 2. Soil pH
had the strongest correlations of any factor in the Farmington samples.
The correlation coefficient between pH and age was a negative 0.734,
indicating that the pH decreased in this pile over time. Even though
the soil pH at the end of the testing period was still approximately
7.5, the decreasing trend may signal future acidity problems if the
topsoil is stored over a long period of time.

Multiple Regressions

Data derived from Farmington soil samples yielded only one
significant multiple-regression equation. This equation, shown in
table 3, relates soil pH to stockpile age and depth and shows that pH
decreases with stockpile age and increases with stockpile depth. The
overall correlation coefficient of 0.594 indicates that other factors
besides age and depth are also affecting the pH level, thus lessening
the value of this equation as a predictor of pH in the Farmington

stockpile.

Kemmerer, WY

Correlations

Simple correlations among the soil factors, plant growth, and
stockpile age and depth for soil samples from Kemmerer, WY, are shown
in table 4. Of interest is the positive correlation between shoot
yields and stockpile age. This correlation indicates that plant growth
increases as soil stockpiles age and does not agree with the hypothesis
that fertility decreases from stockpile aging.
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TABLE 2. — Simple correlations between measured soll characteristics;
shoot ylelds in 1980, 1981, and 1982 growth tests; and stockpile

age and depth far stored topsoil fram Farmington, NM

Stock-{Stock-{Fungl [Bacteria Soluble| Avail~
Correlation pile | pile |popar | popu~ |Dehydro-i{ phos— able CEC|EC|Soil| CN |Organic| Total (Moisture
elements dapth | age [lation| lation { genase |pharus |potassium H |ratio]carbon |nitrogen|content
counts| ocounts
Shoot yield, 1980..... L5 E— - — - — — =] — 1 — 1 + +5 +5
Shoot yield, 1981..... - — - — — — — +11+5) — — —_ +5 -
Shoot yield, 1982.....1 -1 — - +5 - -~ +1 -1{-1 1 - — — —
Moisture content......| +1 - - — +5 - — —{+1| — - +1 +
Total nitrogen........ +1 -1 - - +] - +1 — 1= +1 -1 +1
Organic carbon........ +5 - - - +5 - —l— +1
CN raticieceeeeceses. - +] - - — - - ~l—1 -5
Soil PHevevreneononnns +1 -1 —_ ~1 - -1 — +1{+1
ECeiierierecnncnanens +] - -5 -5 - - ~1 +
CEC.eeieennassncssanse +5 -5 - -5 - - -1
Available potassium...] -— -1 + +5 +1 -5
Soluble phxspharus....| — +1 - — -
Dehydrogenase..c..veves +1 - +1 +1
Bacteria populatio
counts. - - +1
Fungl population
counts, - ~—

TEntries indicate significant level of ocarrelation and whether correlation is positive o negative. Faor example, the
correlation between moisture content and stockpile depth is positive and is significent at the 1 pet level.
2Dashed entry indicates that correlation was not significant at the 5 pct level.



TABLE 3. - Significant multiple-regression equations
relating soil characteristics to stockpile age
and depth at Farmington, NM

Regression equation R F'
*Ypy = 8.54 - %0.299 X, + "0.0198 X, | 0.594 | 113.M

1'Significant at 1 pct level.
2Y = level of subscripted soil characteristic.

®X, = stockpile age in years.
“X, = stockpile depth in feet.
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TABLE 4. ~ Simple correlations between measured soll characteristics;

shoot ylelds in 1981 and 1982 growth tests; and stockpile age and
depth for stored topsoil from Kemmerer, WY

Stock-|Stock-|Fungl |Bacteria Soluble| Avail-
Correlation pile | plle [popu~ | popu~ |Dehydro-| phos- able CECIEC|S0il} C-N |Organic| Total [Moisture
elements depth | age {lation} lation | genase iphorus |potassium H {ratiojcarbon |nitrogen|content
counts| counts
Shoot yield, 1981..... 4 +H | A - -~ + -~ Sl —1 —1 — — —
Shoot yield, 1982..... - +1 +5 + +1 — — —]—] — - — — —_—
Moisture content...... +1 - ~— - -~ ~— +5 + 1+ — — +1 +1
Total nitrogen........ - - +1 — + — +1 +1{—] -5 -1 +1
Organic carbon........ - -1 — —_ + - — + |- = +1
CN ratios.cieecenaess - —_ - —_ — - —_ —|—
Soil PHevevrrnevennnan - +1 — +1 +1 — +1 H—
7 Jd 0* -1 - — ~- - - +1
Gl iiinecinananssenas]| +5 +5 - - +1 o 45
Available potassium...| + +1 - — +5 -
Soluble phospharus....| +5 +5 - - —
Dehydrogenase......... - - +1 +1
Bacteria populatim
counts. +1 +1 +1
Fungi population
counts. + -

Entries indicate significance level of correlation and whether correlation is positive o nega ive. Far example, the
correlation between moisture content and stockpile depth 1s positive and is significant at the 1 pet level.
2Dashed entry indicates that correlation was not significant at the 5 pet level.



TABLE 5. - Significant multiple-regression equations
relating soil characteristics and plant growth to
stockpile age and depth at Kemmerer, WY

Regression equations R IF
2YEC = 174,10 - °21,63X, + “13.33X, 0.205 20.52
Ypaoteria = 29.73 + 41.98X, + 17.29X, 217 | 22.09
Y1981 shoot yield = 1-52 *+ 0.29 X, + 0.12X, 426 | 20.74
Y1982 shoot yield = 1.72 + .057 X, - .026 X, .193 11.92

'Significant at 1 pet level.
2Y = level of subscripted soil characteristics or plant

growth parameter.

®X, = stockpile age in years.
“X, = stockpile depth in feet.
Ticabgp, uT
Correlations

Simple correlations among the soil factors, plant growth, and
stockpile age and depth for soil samples from Ticaboo, UT, are shown in
table 6. Analyses showed organic carbon to be very low. Total
nitrogen in all Ticaboo samples was below detection limits, and no
correlations involving nitrogen were possible.

~Multiple Regressions

Data derived from the Ticaboo soil samples yielded two significant
multiple-regression equations as shown in table 7. Soil moisture
contents and bacteria population counts were significantly influenced
by stockpile age and depth. These correlations suggest that upper
levels of the soil pile protect the underlying layers from excessive
heat and dessication, both of which tend to reduce moisture and
bacteria levels. The low correlation coefficients again indicate soil
changes cannot be explained completely from the parameters studied

here.
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TABLE 6. ~ Simple correlations between measured soil characteristics;
shoot ylelds in 1981 and 1982 growth tests; and stockpile age and
depth for stored topsoil fram Ticaboo, UT

Stock=|Stock-iFungl {Bacteria Soluble| Avail-
Correlation pile | pile jpopr | popu- |Dehydro—| phos- able CEC|EC{Soil |OrganiciMoisture
elements depth | age [lation| lation | genase [phorus [potassium pH |carbon |content
conts| counts

Shoot yield, 1981..... | -1 -1 .1 %= — +5 - - Si-11 1| — -1
Shoot yield, 1982.... - - - — —_ - — S|~ — — —
Moisture content..... +1 +1 +5 - - - — +H 1+ — -
Organic carbon....... - — - —_ - - — -l —
Soil PHeveeevosnnanss - a - - - - — —
O S — +1 — -1 - +5 +1 +1
CECuvvenveenennnnnnen - +5 — — - — +
Available potassium...; — - — — +1 -
Soluble phospherus....| — - — — -
Dehydrogenase........ - -1 +1 +
Bacteria population
counts. + - +
Fungl population
counts. +1 —

Entries indicate significance level of correlation and whether carelation is positive o negative.
example, the correlation between moisture content and stockpile depth is positive and is significant at the 1 pct

level.

?Dashed entry indicates that correlation was not significant at the 5 pet level.

For



TABLE 7. - Significant multiple-regression equations
relating soil characteristics to stockpile age and
depth at Ticaboo, UT

Regression equations R 'F
*Ynoisture = 3.03 + °0.060X, + "0.13X, 0.527 47.34
Ypacteria = 14.55 - 2.43X, + 92X, .367 18.26

'Significant at 1 pct level.
2Y = level of subscripted soil characteristics.

’X, = stockpile age in years.
“X, = stockpile depth in feet.

Correlation Discussion

Several similar correlations between two soil parameters were found
at .all three stockpile sites. These correlations were all positive and
most were significant at the 1t pet level at all three sites. The
correlations are:

e Soil moisture - EC. This correlation indicates that the soluble
salts are following the moisture in the soil.

@ Soil moisture - depth. This correlation shows that the surface
dries more readily than lower strata. Coupled with the correlation
between soil moisture and EC, this indicates that soluble salts are
being leached from the surface regions into the lower strata. One
may then expect to find a positive correlation between EC and depth,
which is the case in the Farmington and Kemmerer data. Data from
Ticaboo do not show this EC-depth correlation as significant.

@ EC - CEC. This correlation indicates that many of the cation
exchange sites are associated with soluble salts.

¢ Available potassium - dehydrogenase levels. This correlation
suggests that potassium may be solubilized from minerals and/or held
in the soil by the microbes responsible for dehydrogenase
activity.

e Dehydrogenase levels - bacteria population levels.
Dehydrogenase levels - fungi population levels.
Bacteria population levels - fungi population levels. These three
correlations suggest that the measures of microbial activity used in
this study support each other in their results.
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Several other correlations involving total nitrogen content were
similar in Farmington and Kemmerer soil samples. These correlations are
all positive and significant at the 1 pct level. Because total nitrogen
in Ticaboo samples was below detection limits, nitrogen correlations for
this soil were not possible. These similar correlations in Farmington
and Kemmerer soils are:

o Total nitrogen - soil moisture. This correlation may indicate that
nitrogen compounds are following the moisture; however, the total
nitrogen - depth correlation to parallel the moisture-depth
correlation was found only in the Farmington data.

e Total nitrogen - organic carbon. This correlation suggests that
nitrogen in the so0il is associated with organic material as a
result of plant material inclusion or microbial activity in the
stockpile.

o Total nitrogen - available potassium. This correlation together
with the associations of dehydrogenase with available potassium and
of nitrogen with organic carbon suggests that biological activity
accounts for much of the nitrogen and potassium retained by the

soils.

e Total nitrogen - dehydrogenase levels. This correlation, like the
available potassium - dehydrogenase correlation, may indicate that
microbes responsible for the dehydrogenase activity are useful for
fixing or holding nitrogen in the soils. Since bacteria and fungi
population levels do not correlate significantly to soil nitrogen,
microbes measured in the counting procedure may retain less nitrogen
than microbes responsible for dehydrogenase activity.

No correlations of shoot yield with other factors were found at
all three sites. Only two correlations involving shoot yield were
similar from year to year:

1. Shoot yield for Kemmerer samples was positively correlated
with stockpile age;

2. Shoot yield for Ticaboo samples was negatively correlated
with CEC. The reasons for different correlations in the
growth test data were not investigated further.
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Regression Discussion

The only parameter having significant multiple-regression equations
at more than one site was bacteria population levels. Kemmerer and
Ticaboo bacteria levels had positive stockpile depth coefficients
indicating that bacteria levels increased with increasing soil depth.
Age, however, had contradictory effects on bacteria at the two sites;
bacteria counts increased with age in Kemmerer soil but decreased with
age in Ticaboo soil. Bacteria population levels in Farmington soil
samples were determined in 1982 only and samples of undisturbed soil
were unavailable, so multiple regression on age and depth was deemed

inappropriate.

The increase of bacteria levels with depth does not agree with
results obtained by previous researchers (gj 12); but as has been
pointed out, bacteria levels change very slowly in soil, often taking
10 years or more to show significant changes. Since none of the
stockpiles at Kemmerer or Ticaboo were over 8 years old and most were
less than 2 years old, changes in bacteria populations may not be
significant. This factor coupled with the heterogeneocus nature of the
stockpiles may account for this disagreement.

SUMMARY

Data obtained in this study are not conclusive enough to provide
reliable predictors of fertility loss in topsoil stored in arid areas.
However, this was a short-term study and data are not applicable to
changes requiring several years. Stockpile age and depth 4id have
apparent effects on general bacteria activity levels at the two sites
where such determinations were made, but the effects are not in
agreement with those reported by previous researchers and may be the
result of heterogeneous stacking in the stockpile and very slow changes
in bacteria levels. The effect of depth was to increase the bacteria
level in soil from both sites. Bacteria levels increased with
increasing stockpile age at Kemmerer and decreased slightly at Ticaboo.

Soil pH at Farmington, EC at Kemmerer, and soil moisture content at
Ticaboo were significantly affected by stockpile age and depth.
Effects on these parameters appear to be site-specific and no general
characterization applying to all sites can be made.

At Kemmerer which is furthest north and highest in elevation of the
three sites, stockpile age and depth increased plant growth, as
measured by shoot yield in laborqtory tests; but the multiple
regression coefficients are very small and indicate that urmeasured
variables also affected growth. Growth data from Ticaboo yielded
insignificant relationships, and data from Farmington were insufficient

for statistical comparison.
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Results from this study show that a much more rigorous study is
needed to determine effects of stockpiling topsoil. A study should be
done over a 10~ to 15~year period that includes laboratory growth tests
under closely controlled conditions along with growth tests in the
field. 1Ideally, an area should be sampled before stripping so that the
original state of the soil can be determined. Results from such a test
would yield a much better understanding of the changes in soil
characteristics and resultant changes in soil fertility. With the
expected increase in strip mining, both for coal and non-fuel minerals,
such understanding is vital to maintaining environmental stabillity

around mining sites.
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APPENDIX A.--STATISTICAL METHODS

Statistical Tests

Regression equations relating soil characteristics and growth
parameters to stockpile parameters were tested for significance with
standard F-tests for regression and variance. Coefficients in these
equations were tested for significance with Student's T tests,

This study was designed to determine if stockpile age and depth
affected the soil characteristics and not necessarily to establish a
predictive equation for those parameters. Therefore, these regression
equations are useful in interpreting the data even though some of the
multiple correlation coefficients are low. An additional statistical
test was imposed on these multiple-correlation coefficients to
determine if they were significantly different from zero. This was
done by comparing the coefficients with critical values based on the
number of variables and the number of samples (20). If the calculated
coefficient exceeded the critical value, it was accepted as
significantly different from zero. Equations yielding
multiple-regression coefficients that failed this test were not
considered significant.

Regression Equations

Multiple linear regression analysis established some relationships
between soil characteristics, growth, stockpile age, and soil depth.
All sampling data from each site were combined to determine age and
depth equations for soil characteristics. Each year's shoot yield data
were analyzed separately because of the different greenhouse conditions
from year to year.

In the regression equations, stockpile age is the time in years
between construction of the pile and collection of the samples.
Fractional parts of years were used if they were known with certainty.

Stockpile or sample depth is the depth in the pile from which the
sample was taken. A positive correlation with depth means that the
measured value of the parameter increases as the depth gets greater,

The common statistical method of taking growth, as measured by
shoot yield, as the dependent variable and soil characteristics as
independent variables was not followed in this study because the
effects of these characteristics on plant growth has been well
established. The purpose of this study was to determine effects of
stockpile parameters, age and depth, on the soil characteristics.
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APPENDIX B.--EXPERIMENTAL DATA

Tables B-1 to B-3 show experimental data from topsoil samples

collected from the Farmington site in 1980, 1981, and 1982,
respectively. Tables B-4 and B-5 show experimental data from topsoil
samples collected from the Kemmerer site in 1981 and 1982,
respectively. Tables B-6 and B-7 show experimental data from the
topsoil samples collected from the Ticaboo site in 1981 and 1982,

respectively.

In these data tables, stockpile depth is reported in feet. This
depth is the bottom of the sampling interval. For example, in table
B-1," drill hole No. 1, the so0il sample with a listed depth of 9.2 ft
contains the soil between the depths of 8.1 and 9.2 ft. All native
soil samples were taken from the top foot of soil and are thus listed

as having a depth of 1 ft.

Soil moisture is reported on a dry weight basis. Total nitrogen
and organic carbon are reported as percent content in the dry soil.
Extractable potassium and soluble phosphorus are reported as parts per
million in the extraction solution.

Dehydrogenase is reported as micrograms of formazan produced per
gram of dry soil (ug/g). Bacteria and fungi population counts are
reported as thousand counts per gram of dry soil (10%/g).
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TABIE B-2. - 1981 experimental data from Farmington topsoil samples,
2.5-yr stockpile age
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TABLE B-3. - 1982 experimental data from Farmington topsoil samples,
3.5-yr stockpile age

Sawple| Soil |Soil] EC, CEC _ |Total|Organic| C/N |Extractable|Soluble|Dehydro- |Bacteria
depth, |moisture,| pH |uS/cm meq/100 g| N, C, |ratio K, P, |genase, |coumnts, yield
ft pet pct | pet ppm ppm | pe/g | 10°/g g
IRILL HOLE 1
1 18.7 7.5] 260] 8.3 | 0.05| 0.5 | 10.0 3 0.52 1.53 %0 2.64
2 9.4 7.5 183] 8.97 .05 .S |10 15 03 2.33 135 2.64
3 4.9 7.4 1451 11 04 7 |17.5 25 45 3.48 70 1.41
4 5.7 7.41 170 11.31 .04 5 | 12.5 16 97 2.20 40 1.41
5 10.8 7.5(1,300| 19.17 .04 5 | 12.5 9 78 1.38 27 2.73
6 5.8 7.6 9.97 .03 3 [10 11 1 2.60 47 2.73
7 6.5 7.5 1351 8 .03 2 6.7 16 45 2.40 34 2.64
8 7.2 7.5 130| 7.8 .02 1 5 18 .51 2.53 35 2.44
9 8.3 7.5 115 7.01 .02 2 110 11 0 2.92 20 1.77
10 9.5 7.5 160 7.06 .04 5 1125 12 0 2.71 55 1.77
1 5 7.5 160f 7.82 .03 4 {13.3 15 .20 2.55 38 1.15
12 4.2 7.6 2151 8.35 .03 4 |13.3 6 0 1.24 10 1.15
13 8.4 7.6 300] 9.32 .04 6 | 15 15 0 3.59 73 1.47
14 12.2 7.61 235 9.76 .06 6 {10 18 .46 2.25 S0 1.47
15 12.2 7.5 275{ 7.73 .05 7 114 24 .26 | 18.33 315 1.75
DRTIL HOLE 2
1 16.9 7.7 2151 9.29 03 4 01133 4 0 1.07 53 1.69
2 5.2 7.6] 180| 11.76 03 .5 | 16.7 19 0 2.53 98 1.69
3 4.9 7.7f 1357 11.42 o4l .6 | 20 0 1.98 29 2.36
4 6.6 7.4 180f 11.66 0l 6 | 17 0 2.36 30 2.36
5 10.9 7.5{2,450] 28.45 03 .8 126.7 6 0 2,29 16 1.73
6 6.8 7.5]1,6501 14.07 o4 4 |10 16 0 3.40 38 1.73
7 7.7 7.6| 160} 8.03 .02 3 115 16 0 3.03 26 .83
8 8 7.5{ 138 7.4l .02 40120 16 .33 2.89 36 .83
9 10.3 7.5] 188] 7.40 .01 S5 150 20 0 2.49 13 2.28
10 11.2 7.5| 2601 7.89 04 S5 1125 13 0 1.92 32 2.28
1 10.4 7.5] 330 9.58 04 7 | 17.5 15 0 2.92 32 3.24
12 13 7.61 2751 8.79 .03 7 1233 16 0 2.95 40 3.24
13 9.7 7.6 240 7.49 .03 .6 |20 17 0 3.11 32 2.15
14 13.2 7.5 2451 8.13 .05 6 |12 19 .33 2.31 13 2.15
15 14.2 7.7 200] 7.83 .05 7 114 21 0 16.56 9 1.70
DRILL HOLE 3
1 6.7 7.3] 205 11.85 .01 2 120 3 41 .93 28 1.72
2 5.5 7.5{ 175( 12.25 o4 4 | 10 13 41 .93 25 1.72
3 5.5 7.6] 170f 11.46 .03 .5 ) 16.7 10 1.74 33 1.58
4 3.9 7.6] 1951 12.23 040 7 | 175 7 61 1.26 21 1.58
5 5.6 7.6| 600 12.76 .02 6 | 30 19 2.55 35 1.80
6 15.9 7.6 7401 12.79 .04 3 7.5 11 0 2.44 20 1.80
7 5.7 7.5 235{ 7.71 .02 3115 19 41 3.38 25 2.38
8 5.2 7.6 2001 7.31 02 2 |10 16 41 2.9 7 2.38
9 3.7 7.7 180 7.12 .02 3 115 17 51 2.22 24 1.70
10 8.9 7.7 185] 8.46 040 .3 7.5 12 41 1.98 19 1.70
11 6.2 7.6/ 183 8.30 .02 311 16 81 1.53 14 1.86
12 5.9 7.6| 208| 8.48 .03 3 110 13 50 1.96 17 1.86
13 8.9 7.6 365 10.83 04 5 | 125 16 10 2.29 9 1.44
14 9.5 7.7 255 9.19 .05 6 112 14 10 1.10 1 1.44
15 13.2 7.7] 3151 8.04 .04 .3 7.5 10 0 4.40 1 1.10
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3.5-yr stockpile age--Continued
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- 1982 experimental data fram Ticaboo topsoll samples
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