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EXECUTIVE SUMMARY

Soil microorganisms and their activities are the major
vectors in the decomposition of plant litter and the subsequent
transformation and flow of such essential plant nutrients as nitrogen
and phosphorus. The end result of their activities is the
stabilization of soil organic matter upon which the development of a
self-sustaining vegetative cover is based. Consequently, a project
was initiated with the following objectives in mind:

1. to determine the immediate effects of coal and bitumen
mining on a variety of soil microbiological factors.

2. to provide detailed information on the rates of
redevelopment of biological activity when various organic and
inorganic amendments are applied singly to various minespoils and
subsequently planted with different herbaceous and woody plant
species.

The effects of surface mining on soil microbial
populations, microbial activity and decay potential were studied in a
prairie grassland, a subalpine spruce-fir forest and a jack pine
forest (oil sands) in Alberta. In general, mining drastically
changed the composition of the bacterial and fungal communities and
caused significant reductions in bacterial, actinomycete numbers,
Tengths of fungal hyphae, microbial respiration, microbial biomass C
and ATP. However, the decomposition of cellulose filter paper placed
in the field for two to three years was more rapid in the mined than
unmined sites. The decrease in soil microbial activity after mining
was attributed to the loss of organic matter since microbial biomass
C and soil organic matter in revegetated subalpine minesoils were
observed to be highly correlated.

Procedures for improving the microbial status of the
prairie grassland and subalpine coal minespoils and the oil sands
tailings were studied by treating each one with three different
organic or inorganic amendments and then planting each with four
different plant species. The grassland spoil was treated with
topsoil, anaerobically-digested sewage sludge, gypsum or left
untreated and planted with fall rye, crested wheatgrass, Russian
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wild-rye or rambler alfalfa. The subalpine minespoil and oil sands
tailings received fibrous peat, sewage sludge, mineral fertilizer or
no amendment. The plant species tested on the subalpine spoil
included slender wheatgrass, white spruce, alsike clover and laurel
leaf willow while those on the tailings sand were slender wheatgrass,
sainfoin, jack pine and bearberry. Individual plant species were
studied on each amendment treatment. The response of mixtures of
plant species or combinations of amendments were not examined. The
effects of amendation and plant growth (fall rye on the grassland
minespoil; slender wheatgrass and white spruce on the subalpine
spoil; and slender wheatgrass and jack pine on the tailings sand) on
soil microbial development were monitored over three to four years.

Application of sewage sludge or topsoil to the grassland
spoil was highly effective in increasing microbial activity and
biomass C, particularly in the upper 5 cm of the amended spoil. The
development of microbial activity and biomass appeared to be 1inked
to primary production since both parameters increased as shoot
production by fall rye increased. The increased microbial biomass
maintained itself for at least one year after fall rye failed, but
its metabolic activity was reduced to pre-planting levels. The decay
of filter papers appeared to be related to density of plant cover
rather than amendment type with decomposition in the topsoil and
sewage sludge treatments being faster than that in the gypsum and
control treatments. No significant treatment effects on filter paper
decay were measured after growth by fall rye ceased, while the decay
potential in the topsoil and sludge treated spoil increased as plant
cover by rambler alfalfa increased. The Np fixation potential of
rambler alfalfa was not significantly affected by amendation,
although measurements were highly variable.

The microbial status of the subalpine and oil sands spoils
was most improved by the addition of peat while treatment with sewage
sludge or fertilizer was less effective. The effects of amendation
and planting were restricted mainly to the top 5 cm of the treated
spoils. Although COp efflux from the unplanted, peat amended mine-
spoils increased substantially over the four year term of the study,
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loss on ignition estimates indicated no significant 1oss of stable
organic matter from this treatment. The fast growing, highly produc-
tive slender wheatgrass was more effective in stimulating the devel-
opment of microbial activity and biomass C in the variously treated
minespoils than the slow growing white spruce or jack pine were,
again suggesting that plant productivity and soil microbial produc-
tivity are closely related. Rates of microbial development appeared
to be dependent on the input of root exudates, sloughed root material
and dead roots and shoots from the primary producers, which, in the
case of slender wheatgrass, was particularly high in the sewage
sludge treatment.

During the first two years after planting, cellulose filter
baper placed in the subalpine spoil decomposed most rapidly in the
sewage sludge treatment regardless of vegetation type, while those
placed in the oil sands minespoil decayed fastest in the sewage
sludge and fertilizer treatments planted with slender wheatgrass.
Over the long term (four years), cellulose decay potential of the
amended and planted subalpine spoil was not significantly altered,
but the decay potential of the sludge treated sand planted with
slender wheatgrass was considerably reduced. In both minespoils, the
short term decomposition (one year) of slender wheatgrass leaves was
faster than that of stems. Alsike clover leaves decayed more rapidly
than slender wheatgrass leaves in the subalpine minespoil whilst
sainfoin leaves decayed more slowly than slender wheatgrass leaves in
the oil sand minespoil. Neither grass nor legume litter
decomposition was significantly affected by amendation. The decay
rates of filter paper could not be extrapolated to predict decay
rates of plant litter. The Np fixation capacity of alsike clover
was not significantly influenced by amendation, but sewage sludge
inhibited N fixation by sainfoin after the third growing season.
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1. INTRODUCTION
The chemical, physical and biological properties of a

minespoil are considered to be the main factors influencing the
successful establishment of a vegetative cover (Vogel, 1981).
Although the chemical and physical aspects of minespoils and their
influence on plant success have received a great deal of attention,
the biological properties of minespoils have, until recently, been
largely ignored. Both Cundell (1977) and Jurgensen (1978) stressed
the importance of soil microorganisms to vegetation establishment
and discussed the potentially important roles microbial processes
could have in soil formation on minespoils.

The measurement of microbial activity and biomass in
minespoils is considered important for the following reasons:

i) microbial activity is one of the major factors
responsible for the decomposition of plant litter and roots
resulting in both the stabilization of soil organic matter and the
release of nutrients for subsequent plant growth.

ii) soil microorganisms behave as both sources and sinks
of essential plant nutrients and are instrumental in the
transformation and flow of C, N, and P (Ausmus et al., 1976; Paul
and Voroney, 1980); also, because of their relatively rapid growth
rate, they are potentially capable of quickly immobilizing
nutrients which would otherwise be lost through leaching.

iii) soil microorganisms are metabolically highly
diverse and therefore have the capability to adapt to the low
nutrient levels and adverse chemical and physical conditions often
found in minespoils (Parkinson, 1978).

iv) symbiotic microorganisms such as N fixing
bacteria and mycorrhizal fungi are considered crucial in spoils
where both N and P can occur at such low levels that plant growth
is adversely affected.

Research regarding microorganisms and the reclamation of
minespoils has, to date, dealt mainly with the effects of mining
disturbance on microbial population parameters (i.e. numbers and



types of bacteria, actinomycetes and fungi), physiological groups of
microorganisms, general microbial activity, decomposition and
nitrogen mineralization processes, and mycorrhizal inoculum
potential. Many of these studies have included data on the
microbiological characteristics of minespoils after applying
amendments and/or planting.

Until a decade ago, much of the research dealing with the
microbiological properties of minespoils had been carried out by
Wilson and his co-workers on coal strip-mine spoils in the eastern
U.S. Much of this work was summarized in Wilson (1965). One of the
observations made in his investigations was that the total numbers of
bacteria, fungi and actinomycetes were generally lower in unvegetated
spoil compared with the revegetated spoil and nearby undisturbed
areas. The root region (root surface and rhizosphere) was
particularly effective in stimulating numbers of bacteria. Miller
(1973) also recorded lower numbers of bacteria and actinomycetes in
fresh brown-coal minespoils in Poland than in revegetated minespoils
and, 1ike Wilson (1965), concluded that microbiological activity
improved as revegetation progressed. Both Muller (1973) and Wilson
(1965) observed that quantitative assessments of fungi were not
dramatically influenced by the presence of vegetation. However,
these data must be viewed with caution because the dilution plate
technique was used in both these studies - a technique which has been
shown to select for fungal spores rather than the active hyphae
(Warcup, 1955). More recently, Fresquez and Lindemann (1982)
observed from data obtained using soil dilution plating that the
undisturbed soil and soil from a reclaimed area in New Mexico, had
similar bacterial, actinomycete and fungal numbers, but that
microbial numbers in the nonvegetated spoil were low. However, when
the spoils were amended with alfalfa or sewage sludge microbial
numbers increased - a result attributed to the addition of a
microbiologically available carbon source. Like Wilson (1965),
Fresquez and Lindemann (1982) also recorded a stimulation of
microbial numbers in the rhizosphere soil particularly in the
presence of highly organic amendments.



Studies on the types of bacteria and fungi found in
minespoils are limited. Muller (1973) listed the predominant fungi
and bacteria isolated from minespoils in Poland and observed that no
major differences existed between genera of micro-organisms in bare
spoil and spoils revegetated for 2-6 yrs. Data collected by Wilson
(1965) also inferred that the same types of fungi occurred in a
nonvegetated spoil as in a vegetated spoil. In contrast, Lawrey
(1977) and Fresquez and Lindemann (1982) reported that there were
generally fewer fungal genera in minespoil than in undisturbed soil.
The addition of organic amendments increased the diversity of the
fungal isolates (Fresquez and Lindemann, 1982). No attempts were
made to estimate the frequencies of occurrence of the fungi isolated
fn these studies.

The transformation of nitrogen in organic matter to
ammonium and finally to nitrate is mainly a bacterial process. Since
nitrogen is an essential plant nutrient and is generally lacking in
mined soils, many researchers have concentrated their investigations
on the effects of mining on the organisms involved in the ammonifying
and nitrifying processes. Wilson (1965), Muller (1973) and Williams
and Cooper (1976), all working with acidic minespoils, found that if
the pH of the spoil was raised through 1iming and fertilization, an
increase in the numbers of ammonifiers and nitrifiers resulted.
Highly acidic minespoils - a consequence of the oxidation of
sulphur-bearing pyrites in the spoil by Thiobacillus spp. resulting
in HpSO4 production - therefore require the application of 1ime
if the nitrification process is to become established. In contrast
to the acidic minespoils located in the eastern U.S., Fresquez and
Lindemann (1982) working with the neutral to alkaline spoils of the
western U.S., stimulated ammonium oxidizers by amending the spoil
with alfalfa hay and fertilizer. Although the availability of
NO3-N through nitrification is regarded as necessary to the
successful establishment of a vegetative cover on minespoils,
Williams and Cooper (1976) have cautioned that a too rapid
nitrification of applied ammoniacal fertilizers could result in N

losses through leaching, particularly in sandy soils. In fact, Lodhi



(1979) has provided evidence which sugaests that as plant succession
proceeds on minespoils, the vegetation inhibits the nitrification
process thereby conserving N which could otherwise be lost through
leaching.

Microbial activity measurements such as soil respiration
(0p+ and COpt), adenosine triphosphate (ATP) levels and soil
enzyme (phosphatase, dehydrogenase, pectinolyase, urease, amylase)
activities have been the parameters must commonly used for
determining the effects of mining on microorganisms and the
development of a microbial system in minespoils. In general, the
results obtained from these measurements have supported the plate
count data i.e. disturbance by mining results in a decrease in
microbial activity, and the addition of organic matter and the
establishment of vegetation leads to an increase in microbial
activity. Lawrey (1977) attributed the reduced soil respiration he
measured in acidic minespoils to Tow pH, high levels of Fe and Mn
rendered moré soluble by the soil acidity and low macronutrient
levels. In an earlier study, Hedrick and Wilson (1956) noted that
the addition of nitrogen to acidic minespoils stimulated CO»
production and that raising the spoil pH with calcium hydroxide did
not influence COp efflux to the same extent. Respiration was most
stimulated by the addition of a complete fertilizer, organic matter
(straw) and calcium hydroxide. Recently, Stroo and Jencks (1982)
compared microbial respiration and enzyme activities in undisturbed
soils and in minespoils at various stages of development. As
expected microbial activity was generally reduced by mining, but as
organic matter and nitrogen accumulated through revegetation,
activity increased. Respiration, amylase and phosphatase were
significantly correlated and related to organic C and N levels. The
lTow levels of phosphatase activity in the minespoil led the authors
to suggest that P cycling in the spoil could be impaired. Soil
enzyme assays (phosphatase, pectinolyase, dehydrogenase) have also
been used to characterize the microbial components in neutral to
alkaline coal strip mine spoils in the western U.S. (Hersman and
Temple, 1979; Fresquez and Lindemann, 1982). Soil ATP levels have



been shown to be greater in native grassland soils than minespoils in
Montana (Hersman and Temple, 1978) and have demonstrated a high
correlation with respiratory (CO>*) activity in a variety of
minespoils (Hersman and Temple, 1979). Measurements of ATP,
dehydrogenase, phosphatase and microbial respiration have also been
used extensively for studying the effects of retorted oil shale
materials on microbial activity in overlying surface soils (Hersman
and Klein, 1979; Sorensen et al., 1981). The results obtained
indicated that microbial activity was reduced in soils overlying
processed oil shale and that a capillary barrier between the surface
soil and the shale would possibly remedy the decreased microbial
activity (Sorenson et al., 1981)

’ As mentioned previously, it is microbial activity which is
responsible for much of the decomposition of incoming plant material.
On minespoils, the decay process would be particularly crucial since
it would be closely related to nutrient availability and the rate of
soil genesis. Therefore, it seems surprising that although microbial
activity in minespoils has been studied extensively, the rate of
decomposition of incoming plant litter and roots produced by the

the evolving plant community has received limited attention. On acid
minespoils in Ohio, it was observed that strip mining had inhibitory
effects during the early stages of decay, but these effects were
overcome over the long term (Lawrey, 1976). The slow initial
decomposition on the mine spoil was believed to be the result of low
soil pH, high levels of trace metals, and a decrease in fungal
diversity and soil respiration. In a subsequent study, Lawrey (1977)
determined that the decay rate of a variety of litter types (placed
in four areas which had been mined and subsequently revegetated) was
correlated with soluble carbohydrate, ash and macronutrient
components of the litter but decay rates did not differ amongst the
four study sites. When investigating decomposition of tall fescue on
minespoils in Missouri, Carrel et al. (1979) found that loss of dry
weight was more rapid on vegetated minespoil than on bare minespoil.
They also noted that litter decomposition in the vegetated minespoil
was highly variable and that the initial C/N ratio of the litter was



a major factor in determining the rate of decay. Interestingly, loss
of nitrogen did not differ between the bare and vegetated minespoil.
Lanning and Williams (1979) also reported a relationship (negative)
between C/N ratio of grass and clover shoots and roots and their
decomposition rates in china clay sand wastes in Britain. Clover
shoots and roots were observed to decompose faster than grass shoots
and roots with net N release occurring from the clover shoots and
roots. These data suggest that the use of legumes in revegetating
minespoils would lead to a faster turnover of nutrients immobilized
in the plant tissue, and an accumulation of organic matter and

N (unless the spoil is sandy when potential losses of N through
leaching would be enhanced).

Although the value of legumes for revegetating N-deficient
minespoils has been generally recognized, very little research has
been conducted on the conditions required by legumes to ensure their
establishment (and subsequent N-fixing ability) in minespoils.
Rather, revegetation efforts have leaned heavily on the use of
expensive fertilizers to raise N to levels where plant (mainly
grasses) growth would not be inhibited. A study reported by
Skeffington and Bradshaw (1980) on N inputs into china clay wastes
through leguminous plants, non-leguminous plants, free-living
microorganisms and the atmosphere is one of the few to investigate
the possibility of using legumes rather than fertilizer for supplying
N in mined soil. They concluded that N-fixation rates by
non-leguminous plants were so low that atmospheric N input was
greater than input from these species. Also, N-fixation by
free-1iving microorganisms was negligible unless an easily available
carbon source was provided. However, legumes demonstrated such high
N-fixation rates that they could be recommended as a means for
accumulating N in this particular mine waste. In relation to the
accumulation of N in legume-planted china clay wastes, it should be
pointed out that Lanning and Williams (1979) measured very little
N-accumulation in the same sandy china clay wastes, unless leaching
rates were reduced through the addition of micaceous residues
(Lanning and Williams, 1980).



Another important plant-microbial relationship essential to
the successful establishment of a maintenance-free vegetative cover
on minespoils is that of the endo- and ectomycorrhizal symbiosis.

The role of the mycorrhizal fungi in ensuring plant success in
nutrient and often moisture-stressed minespoils has been discussed by
Zak et al. (1984) and Danielson et al. (1984).

With the exception of a few studies such as that reported
by Stroo and Jencks (1982) it can be seen from this brief survey of
the literature that much of the research dealing with the microbio-
logical aspects of minespoils has emphasized the immediate effects of
mining on various microbial parameters. Very little attention has
been directed towards investigating the development of the microbial
system as a vegetative cover becomes established. Also, methods of
accelerating the development of a productive soil-plant system on
minespoils through the incorporation of various organic and inorganic
amendments have not been widely studied. As a result, the research
reported was initiated with the fo1lowingbobjectives:

1. to obtain information on the immediate effects of
mining coal and bitumin on a variety of soil microbiological compon-
ents (bacterial numbers and types, fungal types, hyphal length, soil
respiration, microbial biomass C, asymbiotic Np fixing potential)
and soil decomposition potential at three different minesites in
Alberta.

2. to provide detailed information on the rates of redev-
elopment of biological activity (particularly soil respiration and
microbial biomass C) when organic and inorganic amendments are ap-
plied to spoil from each of the three minesites and then planted with
various herbaceous and woody plant spp.

3. to study the relationship between soil microbial activ-
ity and biomass and the decomposition of a pure cellulose substrate
and incoming plant 1itter in each of the variously amended spoils
planted with grass or legumes.

4. to assess the effects of amendation on the nodule form-
ation and Ny fixing ability of each of the legumes planted in each
spoil.



Data regarding the effects of amendation of the three
minespoils on selected soil chemical and physical characteristics,
plant growth and nutrient levels in the foliage of selected plant
species are presented in Visser et al. (1984), whilst Danielson et
al. (1984) and Zak et al. (1984) have reported the results obtained
on the ectomycorrhizal and vesicular-arbuscular mycorrhizal
development of some of the plant species.

The effects of single amendments (not various combinations
of amendments) on the soil respiratory activity and microbial biomass
C development in the three test spoils, and how these measurements
related to plant growth are the main aims of this report.



2. MATERIALS AND METHODS
The three areas chosen for the study included a shortgrass

prairie site which had been mined for coal in the early 1950's and
subsequently abandoned (Bow City, Alta.); a subalpine boreal forest
site which is currently being mined for coal (Luscar, Alta.) and a
boreal forest site which is currently being mined for o0il (Suncor
site, Ft. McMurray, Alta.). Short descriptions of these sites have
been presented by Visser et al. (1984).

2.1 FIELD STUDY
2.1.1 Plot Design and Sampling Procedure

At each study site, five sampling plots, each 5 m x 5 m,
Qere staked out within a 15 m x 15 m sampling frame in an area
disturbed by mining and also in an adjacent undisturbed area (with
the exception of the 0il sands site where due to the inaccessibility
of the disturbed area, plots were established only in the undisturbed
jack pine woodland). Each of the five sampling plots was
subsequently divided into 100 subplots, each 0.25 m x 0.25 m. These
plots were used for sampling soil for general microbiological
studies. Decomposition studies were performed in 5 m x 15 m plots
adjacent to those used for the microbiological analysis.

The sampling procedure consisted of randomly choosing one
of the subplots in each of the disturbed and undisturbed plots at
each of the sites, and removing a soil core (5.5 cm dia.) and a
larger 1 to 2 L sample from the middle of the subplot. In the
disturbed sites, where there was no horizon development, 0-5 cm and
5-15 cm depths were sampled. In the undisturbed sites, samples were
removed to a depth where organic surface and inorganic subsurface
soil would be included.

Samples were removed from the following horizons in each of
the undisturbed sites: the A, and By in the grassland soil, the
H and By in the subalpine soil and the FH and B in the 0il sand
soil. Subsamples from the soil cores were processed for various
microbiological parameters while general microbial activity was
measured in the larger samples. Another set of soil samples was
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randomly removed from each of the sites for assessment of asymbiotic
No fixation. A1l sampling was performed in September or October.
Samples were placed in plastic bags and stored at 5°C. They were
sieved through a 2 mm mesh screen and processed as quickly as
possible to avoid possible storage effects on the microbial
components. To determine the effects of disturbance on selected soil
chemical and physical parameters, subsamples from each depth or
horizon were air dried, bulked and tested for sodium adsorption ratio
(SAR), organic and CO3-C, total N, P, Fe, Ca, Mg and Na. Details

of the methods used are presented in Visser et al. (1984).

2.1.2 Procedures for the Determination of Microbial Parameters
2.1.2.1 Numbers of bacteria. A soil suspension was prepared by
homogenizing 1 g soil in 99 ml sterile, dilute peptone (0.13%) at

high speed for 3 min in a Waring blender. Serial dilutions were then
prepared and 0.1 m1 of the 10-5, 10-6, 10-7 dilutions

spread onto pre-dried, half-strength PYE (2.5% peptone, 0.5% yeast
extract) agar plates. Five replicate plates per dilution per soil
sample were plated. Colonies were counted after 7-19 days incubation
at 15°C.

2.1.2.2 Types of bacteria. Using a randomized grid method, 12

bacteria per replicate sample were selected and placed in pure
culture resulting in 60 isolates per depth per site. The isolates
were placed into broad taxonomic groups using the methods outlined by
Nelson and Visser (1978).

2.1.2.3 Numbers of actinomycetes. The same homogenate, same serial
dilutions and same techniques were used for quantifying the

actinomycetes as those used for the bacteria, with the exception that
0.1 ml of 10-4, 10-5, 10-6 dilutions were spread onto 3

replicate, pre-dried chitin agar (Hsu and Lockwood, 1975) plates per
soil sample. The plates were incubated for at least 14 days at 15°C
prior to counting.
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2.1.2.4 Length of fungal mycelium. 2 g and 1 g subsamples were

removed from the inorganic and organic soil replicates respectively
and fixed in Bouin-Hollande fixative until time of analysis. Agar
films were then prepared using a modified Jones and Mollison (1948)
agar film technique, i.e. soil samples were macerated in water and
fixative in a Waring blender for 3 min and from the resulting
suspension, soil + water agar films prepared, dried, mounted and
observed using phase contrast microscopy. The line intersect method
(01son, 1950) was used to measure hyphal lengths on the films and
‘empty (inactive) hyphae were distinguished from those with cell
contents (active) by the criteria described by Frankland (1975).
Five films (50 observations/film) were assessed for each soil
replicate.

2.1.2.5 Types of fungi. 2.5 g and 5 g soil samples were removed
from the organic and inorganic soil replicates respectively. Samples

were serially washed (30, 1 min washes with sterile water) using the
apparatus and methods described by Bissett and Widden (1972). Excess
moisture was removed from the washed soil samples, and soil particles
were then plated on 2% malt extract agar containing 100 ppm
streptomycin and 50 ppm chlorotetracycline. The size of the
particles plated ranged from .2-.5 mm for the organic soils and .5-1
mm for the inorganic soils. Fifteen particles (two/plate) were
plated from each of the organic soil replicates and 20 particles
(four/plate) were plated from each of the organic soil samples. More
particles were plated from the inorganic than organic soils since
organic soils are more heavily colonized by fungi than are inorganic
soils. The plated soil particles were incubated at 15°C and fungi
emerging from each particle isolated and identified.

2.1.2.6  Soil respiration (CO, efflux). Each soil sample was
sieved through a 2 mm mesh sieve and as many roots as possible were

removed from the sample to avoid interference from live root
respiration. All roots were removed since the distinction between
live and dead roots is rather tenuous. Moisture contents were
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determined for each sample and samples were remoistened with
distilled water if moisture levels were believed to be limiting to
microbial activity. Sieved replicate samples, each equivalent to 100
g dwt, were thoroughly mixed and then placed in plastic tubes,
stoppered with plastic foam plugs, and connected to an "Ultragas 3"
CO> analyzer (Wostoff Company, Bochum, Germany).

The CO efflux was measured hourly at room temperature (22-23°C)
until CO2 evolution had stabilized. At that point (20-24 hr after
beginning COp measurements) respiratory activity was calculated as

ml CO, + 100 g-1 dwt soil hr-1,

2.1.2.7 Microbial biomass C. The same soil samples as those used
for COp efflux measurements were used for estimating microbial
biomass C (i.e. the amount of C in the 1iving, non-resting microbial
biomass). Microbial biomass C was determined using the technique
described by Anderson and Domsch (1978) which is based on the
measurement of glucose stimulated respiration prior to the
commencement of microbial growth. The relationship between the
glucose stimulated CO» evolution from a soil sample and the
microbial biomass in that sample was determined by Anderson and
Domsch (1978) i.e. 1 m1 COp-h-1 measured at 22°C is

equivalent to 40 mg microbial biomass C. Optimal glucose
concentrations for maximum respiratory response were determined for
representative soil samples from each soil horizon or soil depth and
these glucose concentrations were then used to determine the
microbial biomass C levels in the replicate samples.

2.1.2.8 Adenosine 5'-triphosphate (ATP) measurements. 1 g
subsamples from each soil replicate were extracted with sodium
bicarbonate and chloroform and the ATP subsequently measured using
the luciferan-luciferase assay and a JRB Model II Photometer to
measure the light emitted (Paul and Johnson, 1977).

2.1.2.9 Ny (CoHo) fixation. The acetylene (CyHp)
reduction assay similar to that of Hardy et al. (1968) but modified
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by Paul et al. (1973) was applied to each soil sample to determine
Np fixation potential. Sieved, remoistened soil was placed in
standard sized tubes which were then sealed in 909 ml Mason jars.
Ten percent of the atmosphere volume in each jar was removed with a
syringe and replaced with CoHp. Samples were incubated with

CoHz for 1 hr at 15°C prior to making CpHg measurements. The
following controls were included: empty jar, empty jar containing
0.1 atm CoHz and jar containing a soil core and no acetylene.

The rate of ethylene (CoHg) production (after subtraction of any
CoHp detected in the controls) was used to calculate nitrogenase
activity in the soil, using a theoretical ratio of 3 to 1 between
CoHg production and Ny fixed (Hardy et al. 1973).

2.1.2.10 Decomposition of standard substrates. Filter paper
(Whatman #1, 5.5 cm dia.) was dried to a constant weight at 35°C,
bagged in 1 mm nylon mesh and tagged. The filter paper was left

unamended or amended with ammonium nitrate to adjust the C/N ratio of
the paper to 25/1. Since filter paper lacks nitrogen and since soil
N is often limiting, particularly in soils disturbed by mining, it
was hypothesized that the addition of N to the paper could
potentially accelerate its decomposition.

To study the effects of disturbance on the decomposition of
a recalcitrant substrate, wood (Douglas fir) dowel was also used as a
test substrate. The dowel, 2 cm diameter, was cut into 5 cm segments
(knots were discarded) dried to a constant wt and tagged. As for the
filter paper, wood segments were left unamended or soaked in .36 M
ammonium nitrate for 48 hrs prior to drying, weighing and tagging.
Blocks of spruce (Picea glauca (Moench) Voss) wood (approx. 3.8 cm x
1.9 cm x 5 cm) were also used as a test substrate but only at the
subalpine site.

Fifty replicates of each of the unamended or N-amended
filter paper and wood segment treatments were placed on the soil
surface at each of the undisturbed and disturbed sites in October.
The plots designed for studying the decomposition of the two
substrates (one plot for the filter paper and one for the fir dowel
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at each of the disturbed and undisturbed sites) were 5 m wide x 15 m
long and contained 13 rows of 4 stakes placed 1 m apart. The
substrates were tied to the stakes (one amended and one unamended
filter paper or wood segment/stake) and sampled regularly thereafter.
At each sampling time, five filter papers and five wood segments were
randomly removed from each of the disturbed and undisturbed sites.
Filter papers were cleaned, dried, weighed and ashed, and the ash
weight subtracted from the weight remaining prior to ashing. Wood
segments were brushed clean, agitated in de-ionized water (to remove
adhering soil particles) and dried to a constant weight at 35°C.
Results were expressed as % dry weight remaining.

Not all the microbial parameters were investigated at all
the sites. A list of the microbial parameters which were studied at
each of the experimental sites is presented in Table 1. Since a
disturbed plot was not established at the oil sands site, the
microbial parameters measured in samples removed from the unamended
control plots (pure tailings sand prior to planting) in the tank
study (see pp. 6-7 of Visser et al. 1984 for a description of the
tank study set-up) were compared with the microbial characteristics
of the undisturbed site to assess the effects of disturbance.

2.1.2.11 Decomposition of native litter and wood residues. In
addition to following the decomposition rates of standard substrates
at each of the disturbed and undisturbed sites, a study was also
initiated to examine the rates of decay of native litter and wood
debris at the undisturbed sites only. It was felt that this
information would be useful in future studies designed to compare
rates of decay of plant litter in areas in various stages of
reclamation to rates of decay of the same litter in an undisturbed
and presumably stable system.

The methods used to examine the decomposition rates of leaf
litter and wood at each of the sites were as follows:

1. prairie grassland site - Agropyron sp. standing dead
grass litter was clipped approximately 1 cm above the soil surface at
the grassland site in late September. Leaf blades which were still




Table 1. Microbial parameters investigated at each of the experimental sites to determine the
effects of disturbance. \

Site and soil horizon or depth (cm)

Parameter Grassland Subalpine 0i1 Sands
Undisturbed Disturbed Undisturbed Disturbed Undisturbed Disturbed
Al B, 0-5 5-15 H B, 0-5 5-15 FH B 0-5 5-15
Number of bacteria + + + + + + + + + + + +
Types of bacteria + + + + + + + + + + + +
Numbers of
actinomycetes + + + + + + + + + + + +

Length of fungal

mycelium + + + + + + + +
Types of fungi + + + + + + + + + + + +
COZ efflux + + + + + + + + + +
Microbial biomass C + + + + + + + + + +
ATP levels + + + + + + + + + +

+ + + + + + + +

N, (CZHZ) fixation
Decomposition of
standard sub- + + + + + +
strates (filter
paper, wood dowel)

Gl
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green or yellow at the base (indicating it was the current year's
growth) were separated from the other litter, dried to a constant
weight at 35°C, weighed into approximately 5 g quantities and bagged
in 1 mm nylon mesh bags (size = 13 x 15 cm). Woody branches (approx.
1 cm dia.) of Artemisia cana Pursh (sagebrush) were cut into 5 cm
segments, dried to a constant weight at 35°C, weighed and tagged.
Fifty litter bags and fifty branch segments were placed in the filter
paper and dowel decomposition plots respectively, using the same
stakes as those used for the filters and dowel segments. At each
sampling time, five replicate litter bags and five branch segments
were randomly sampled. Grass blades were removed from the bags and

brushed clean if required, while sagebrush wood was given a 30 sec
wash in distilled Hp0 to remove adhering soil. The % dry weight
was then determined for each substrate type.

2. subalpine site - an Abies lasiocarpa (Hook.) Nutt.
(alpine fir) tree, blown over by the wind, was located near the
margin of the undisturbed sampling site. Green needles and
branchwood (2.5-5 cm dia.) were removed from the top 2-4 m (topside
branches only) of the tree and used in decomposition studies. Green
dying needles and branchwood from one tree only were used in an
effort to reduce variation in decay resulting from differences in
substrate quality. After drying the needles and branchwood at 35°C,
they were treated in the same manner as that described for the

prairie grassland Agroypron litter and sagebrush wood. At each
sampling time, five replicate needle bags and five wood segments were
randomly removed from each plot. The surfaces of the bag were
cleaned and needles were then sprayed for 30 sec with tapwater to
remove mineral material from the needle surfaces. Wood was treated
in the same way as described previously. The % dry wt remaining was
then determined for each substrate.

3. o0il sands site - needles and branchwood of Pinus
banksiana Lamb. (jack pine) were collected from a recently toppled
tree as described for the subalpine site. Litter bags and branchwood
segments were prepared in the same manner as described previously and

placed around the stakes in the filter paper and dowel plots
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respectively. Litter bags were placed underneath the lichen mat
(i.e. between the sandy soil horizon (Ap) and the lichen) since the
lichen would impede the movement of the bag down the soil profile.
It was realized that by doing this, decomposition of the needles
would be enhanced as a result of better moisture and temperature
conditions under the lichen mat. Therefore, 70 pairs of pine needles
were strung on each of 15 nylon threads, dried at 35°C, weighed and
placed on the surface of the lichen mat. It was hoped that the
weight loss of the strung needles would give some indication of the
decomposition of needles as they moved through the lichen mat.
Unfortunately this method can only be used to monitor weight loss of
litter in the early stages of decay since weight loss is
overestimated once the litter begins to fragment. Sampling and
cleaning of the needles and branchwood was effected in the same
manner as that described for the alpine fir substrates.

2.1.3 Effect of Revegetation on Microbial Respiration and Biomass

C at the Subalpine Site

Areas which had been revegetated with grasses and legumes
for 2, 6 and 7 yr and stockpiled regolith were sampled in June to
determine the effects of revegetation on microbial activity and
biomass C. These results were then compared to microbial activity
and biomass C measured in soil from the undisturbed subalpine forest
site (described previously). Five replicate soil samples (1-2 kg
each) were removed randomly along a 15 m transect laid out in the
revegetated areas and in the undisturbed site. Samples in the
revegetated sites were removed from the 0-10 cm depth while those
from the undisturbed site were removed from the FH horizon (organic
soil) and the B horizon (mineral). Five samples were also randomly
taken from the stockpiled regolith (organic and mineral soil and some
rock which is removed from above the coal seam and stockpiled for
future revegetation of mined areas). Samples were transported to the
laboratory in plastic bags and processed as quickly as possible for

the following parameters:
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1. pH - determined electrometrically using 10 g soil in 20
ml .01 M CaCl,.

2. organic matter content - the Walkley-Black (Nelson and
Sommers, 1982) method was used to determine organic matter in soils
from the revegetated areas and regolith while loss on ignition (see
method in Visser et al. 1984) was measured for soils from the
undisturbed site.

3. basal respiration - samples were sieved through 2 mm
sieve and C0p efflux was then measured using the techniques
described previously (i.e. WOstoff CO2 analyzer).

4. microbial biomass C - the method of Anderson and Domsch
(1978), described previously, was applied to all the soil samples.
The optimum levels of glucose required to stimulate maximum microbial
biomass were 32,000 ug g-1 undisturbed organic soil (FH layer),
2000 ug g-! undisturbed mineral (B horizon) soil, 500 ug g-1
regolith soil, 2000 ug g-! soil revegetated for 2 yr, 2000 g
g-1 soi1 revegetated for 6 yr and 8000 ug g-1 soil
revegetated for 7 yr.

2.1.4 Statistical Analysis of Field Data

Many different statistical techniques were required to
analyze the data collected in the field studies. Therefore, for
convenience sake, the statistical tests applied to each data set have
been footnoted at the end of each table of analyzed data.

2.2 SOIL TANK STuDY

It was decided that the effects of various organic and
inorganic amendments on plant growth and soil microbiological
characteristics in the three minespoils could be more closely
monitored if the research was performed near Calgary, rather than at
the more inaccessible field sites. Hence large quantitfes of
minespoil from the grassland, subalpine and oil sand sites were
transported to Calgary and each placed into separate plywood frames
or soil tanks. In general, each of the three soil tanks was
partitioned into 12 plots, 5 m x 7 m each and an approximately 60 cm
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depth of minespoil placed in each plot. Amendments were then applied
to allow three replicate plots per treatment. Anaerobically digested
sewage sludge, topsoil and gypsum were applied singly to the
grassland minespoil while fibrous peat, sewage sludge and mineral
fertilizer were applied to the subalpine minespoil and tailings sand.'
Three unamended control plots were also set up for each of the three
spoils.

Following amendation each plot was subdivided into four
subplots with 0.5 m wide walkways between them. In the case of the
grassland spoil, each amended subplot was planted with either fall
rye, crested wheat, Russian wild rye or rambler alfalfa. The
subalpine spoil was planted with slender wheatgrass, alsike clover,
and containerized willow or white spruce seedlings, while the amended
tailings sand subplots were each planted with slender wheatgrass,
sainfoin and containerized bearberry or jack pine. All legume seed
had been treated with inoculum of the Np-fixing bacteria,

Rhizobium. Thus this experimental design allowed for three
replicates/plant species in each of the four treatments in each
spoil. A more detailed description of the experimental design,

the amendments and their application, and information regarding the
plant species planted in each spoil type have been presented in
Visser et al. (1984).

2.2.1 Sampling Procedure

After amendation, but immediately prior to planting, two
cores (5.5 cm dia.) and a larger 1-2 L sample were removed from each
plot using a simple random sampling procedure. The samples were
separated into 0-5 cm deep soil and 5-15 cm deep soil (except in the
topsoil and peat amended pots where the 15-25 cm depth - the spoil
beneath the amendment - was sampled) as they were placed in plastic
bags. The cored soil samples were used for measuring various

microbiological parameters and asymbiotic Np (CpHp) fixation
while CO» efflux and microbial biomass C were measured in the
larger samples.
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After planting, samples were randomly removed from the
plots in September/October after the first, second and third growing
seasons. In the amended grassland spoil, subplots planted with fall
rye were sampled. In the subalpine and oil sands spoils, samples
were removed from the subplots planted with slender wheatgrass,
spruce or jack pine in an attempt to assess the effects of vegetation
and vegetation type on the development of microbial activity. Grass
plots were sampled by removing a 10.5 cm dia. core (grassland and oil
sands spoil) or a 20 cm x 20 cm block of soil (subalpine spoil) from
the middle of one randomly chosen quadrat which had previously been
clipped for primary production estimates. Samples taken 39 mo after
planting slender wheatgrass in the subalpine and oil sands spoil were
removed from beneath litterbags containing slender wheatgrass leaf
blades to determine whether the microbial activity and biomass in the
soil beneath the litter bag was related to the decomposition of the
litter. In the spruce and pine plots, samples were extracted from an
area between two randomly chosen trees. As for the pre-planting
samples, cores or blocks of soils were separated into 0-5 cm and 5-15
cm (15-25 cm in the topsoil and peat-amended plots) deep soil, placed
in plastic bags and stored at 5°C until processed. With the
exception of the 39 mo slender wheatgrass soil samples (when one
sample was removed from beneath each of two 1itterbags per subplot
resulting in two samples per subplot) only one sample was removed
from each subplot from each depth at each sampling time.

Although this study was not designed to examine the
microbial development in amended but unplanted minespoil, it was
decided after the first growing season that it would be useful to
sample unplanted soil in an attempt to separate amendment effects on
microbial development from the combined plant/amendment effects.
Consequently, samples were removed from the pathways surrounding the
slender wheatgrass, white spruce and jack pine plots in the subalpine
and tailings sand spoils at each of the sampling times. Only
pathways between the tank walls and subplots were sampled as these
were seldom walked upon. Samples were removed randomly and separated
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into the two depths in a similar manner to that described for the
grass plots.

2.2.2 Sample Processing and Microbial Parameters Measured

Soil samples were processed in the following manner:

1. samples were placed on a 2 mm sieve and as many roots
as possible removed from the soil. These roots were washed, air
dried and weighed, but not returned to the soil sample for the same
reasons stated earlier.

2. dead grass litter was separated from the 0-5 cm soil
and categorized as leaves or stems. These were air dried, weighed,
chopped into 1-2 cm segments and returned to the soil sample since
this litter would eventually form part of the soil system. Green
plant material was removed from the sample and discarded.

3. as much soil as possible was sieved through the 2 mm
mesh; stones and woody debris were discarded. Sewage sludge
aggregates present in the sludge amended samples were pressed through
the sieve so they would be included in the sample.

After sieving the samples, the effects of amendation on
various soil and microbiological characteristics were investigated.
The parameters which were studied in each of the three spoil types
are listed in Tables 2 to 4. The techniques which were used for the
various measurements are as follows:

1. numbers of bacteria - as described for the field study

2. numbers of actinomycetes - as described for the field
study

hyphal lengths - as described for the field study.

4. loss on ignition - as described in Visser et al.
(1984).

5. Tlitter input and root wts - these were estimated from
the air dried litter (stems and leaves) and roots sieved out of each
sample. Since the area of each core or soil block was known, litter
and root wts could be converted to g m-2.

6. COp efflux was measured in the same manner as that
described for the field study. Samples were remoistened to the
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Table 2. Soil and microbial characteristics which were investigated
to determine the effects of amendation on a grassland coal
mine spoil (tank study).

Sampling times Vegetation Sampling depth

(mo after on sampled (cm)

Parameter amendation) subplot 0-5 5-15

Bacterial 0.5, 15 Unvegetated + +
numbers Fall rye + +

Actinomycete 0.5, 15 Unvegetated + +
numbers Fall rye + +

Loss on ignition 0.5, 15, 27 Unvegetated, + +

, Fall rye

Litter input, 27 Fall rye + +
root wts (roots only)

CO2 evolution 0.5, 15, 27 Unvegetated, + +

Fall rye

Microbial 0.5, 15, 27 Unvegetated, + +
biomass C Fall rye

Filter paper 12, 24 Fall rye, +
decomposition alfalfa

Wood dowel 12, 24 Fall rye, +
decomposition alfalfa

Asymbiotic N2 0.5 Preplanting + +
(C2H2) fixation (unvegetated)

Symbiotic N2 3, 14, 26 Alfalfa +

(CZHZ) fixation
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Table 3. Soil and microbial characteristics which were investigated
to determine the effects of amendation on a subalpine coal
spoil (tank study).

Sampling times Vegetation Sampling depth
(mo after on sampled (cm)
Parameter amendation) subplot(s) 0-5 5-15
Bacterial 0.5, 15 Unvegetated, + +
numbers grass + +

Actinomycete 0.5, 15 Unvegetated, + +

~ numbers grass + +

Hyphal lengths 0.5, 15 Unvegetated, + +

grass

Loss on ignition 0.5, 27 Unvegetated, + +

spruce
0.5, 15, 27 Unvegetated, + +
grass

Litter input, 27, 39 Grass, spruce + +

root wts (roots only) (roots)

CO2 efflux 0.5, 15, 27 Unvegetated, + +

grass
Spruce + +
Microbial 0.5, 15, 27 Unvegetated, + +
biomass C grass
0.5, 27 Spruce + +

Filter paper 12, 24 Grass, spruce +

decomposition

Wood dowel 12, 14 Grass, spruce +

decomposition

Stem and leaf (6)1, 12 Grass, +

decomposition clover

Asymbiotic N2 0.5 Preplanting + +

(C,H,) fixation (unvegetated)

(cont'd)
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Symbiotic N2 3, 14, 26 Clover
(CZHZ) fixation

lgrass leaves sampled at 6 and 12 mo.



Table 4.
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Soil and microbial characteristics which were analyzed to

determine the effects of amendation on a oil sand tailings
(tank study).

Parameter

Bacterial
numbers

Actinomycete
numbers

Hyphal length

Loss on ignition

Litter input,
root wt
002 efflux

Microbial
biomass C
Filter paper
decomposition
Wood dowel
decomposition
Leaf and stem
decomposition
Asymbiotic N2
(C2H2) fixation

Sampling times Vegetation Sampling depth
(mo after on sampled (cm)
amendation) subplot(s) 0-5 5-15

0.5, 15 Unvegetated, + +
grass + +

0.5, 15 Unvegetated, + +
grass + +

0.5, 15 Unvegetated, + +
grass

0.5, 27, 39 Unvegetated + +

0.5, 15, 27, 39 Grass, jack + +
pine
27, 39 Grass, pine + +
(roots)
0.5, 15, 27, 39 Unvegetated, + +
grass pine
0.5, 15, 27, 39 Unvegetated, + +
grass pine
12, 24 Grass, +
sainfoin
12, 14 Grass, +
, sainfoin
(6)], 12 Grass, +
sainfoin
0.5 Preplanting + +
(unvegetated)

(cont'd)
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Symbiotic N2 3, 14, 26 Sainfoin
(C2H2) fixation

lgrass leaves sampled at 6 and 12 mo.
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moisture levels measured in the samples taken prior to planting (i.e.
the first sample time at 0.5 mo) so that respiration measurements
would be comparable amongst the various sampling times. The
respiratory activity of the individual amendments was measured using
a Gilson respirometer, since the 1iquid nature of the sewage sludge
prevented this material from being processed on the COp analyzer.
Samples equivalent to 15 g dwt for the gypsum and 3 g dwt for the
peat and sewage sludge were placed in Parkinson and Coups (1963)
flasks and connected to the respirometer. Three, hourly measurements
of 0, uptake were made after samples had equilibrated for 24 h at
22°C.

) 7. microbial biomass was measured as described previously
using the samples for which CO» efflux had been measured.

2.2.3 Decomposition Studies
2.2.3.1 Standard substrates (filter paper, wood dowel). The
effects of amendation and vegetation types on the decomposition of

cellulosic and lignified substrates were studied by following the
decay of filter paper and fir wood dowel over a two year term (see
Tables 2 to 4 for the vegetation types investigated). Filter papers
and dowel segments were prepared in the same manner as for the field
studies. One filter paper and one wood segment were placed around
each of five stakes inserted in the appropriate subplots four months
after planting. Two replicates of each substrate type were sampled
after 12 mo incubation in the field while three replicates were
sampled 24 mo after initiation of the experiment. Samples were
processed as described previously and results expressed as % dry wt
remaining.

In an effort to assess whether the decomposition potential
of the particular vegetation types under investigation had altered
since the initiation of the tank study, another set of filter papers
were placed in the appropriate plots 28 mo after planting. Filters
were prepared as described previously, but only two filters were
placed in each plot. The % dry wt remaining was determined after 12
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mo incubation in the field. Wood dowel was not used in this study
since its weight 1oss was negligible after 24 mo in the field.

2.2.3.2 Plant residues (grass and legume litter). Litterbags (1 mm
mesh and 16 cm x 8 cm) each containing either slender wheatgrass,
alsike clover or sainfoin leaves or stems were placed in the
subalpine and oil sand grass and legume plots, 28 mo after planting.
The Titter material used for this study was that clipped for standing
crop estimates at the conclusion of the second growing season. Only
plant material grown in the peat-treated plots was used in order to
decrease variability in nutrient quality resulting from the different
amendations. Plant material was dried to a constant weight at 35°C
and weighed samples of stems or leaves were then placed in each bag.
Leaves and stems were separated since stems tend to be more
recalcitrant than leaves, therefore decomposing at a different rate
than leaves do. Four bags each containing slender wheatgrass leaves,
and two bags each containing grass stems were staked out in each of
the grass subplots in the subalpine and oil sand tank plots. Two
bags containing leaves (clover or sainfoin) and two bags containing
stems (clover or sainfoin) were also placed in each of the alsike
clover and sainfoin subplots. Slender wheatgrass leaves were sampled
after 6 mo and 12 mo incubation in the field while all other
substrate types were sampled 12 mo after placement in the field.
Prior to removing the litter from the bags, samples were washed for
30 sec (15 sec on each side of bag) under cold running water in an
effort to remove sand and debris adhering to the leaf and stem
surfaces. Samples were then dried and % dry wt remaining was

determined.

2.2.4 No Fixation Studies

2.2.4.1  Asymbiotic Np (CpHp) fixation. Measurements of Ny

(CoHp) fixation of the variously amended spoils were conducted on
samples removed immediately prior to planting the subplots. The
acetylene reduction technique, as described for the field study, was
used to determine Ny fixation. Acetylene reduction was measured on
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sieved samples held at field moisture levels and on soil remoistened
to field capacity. It was observed that N» (CoHp) fixation was
extremely low and highly variable; hence measurements of this
parameter were not continued.

2.2.4.2 Symbiotic N» (CoHp) fixation. The Np fixation
capacity of rambler alfalfa (grassland spoil), alsike clover

(subalpine spoil) and sainfoin (0i1 sands spoil) was determined at 3,
14 and 26 mo after planting. The plants were randomly chosen and,
where possible, were either flowering or filling pods, since Hardy

et al. (1971) observed with soybeans and peanuts that N» fixation
jncreases with fruit formation and maturation. Plants, with as much
root material as possible, were collected by digging a 20 x 20 x 40
cm deep soil block around each plant, and removing the whole block in
an attempt to minimize disturbance of the roots. At least three
plants were removed from each plot and transported to the laboratory
where roots were washed out as quickly as possible on a 1 mm mesh
screen. Excess water was blotted from the roots, shoots were
separated from the roots and combined roots from each subplot placed
in glass sealing jars. Np (CoHp) fixation was then determined

using the same techniques as described previously. Empty jars
injected with acetylene and jars containing roots with no acetylene
served as controls to test for residual ethylene in the acetylene gas
or natural ethylene production by the roots. After measuring the
amount of acetylene reduced to ethylene by the root nodules, roots
were dried at 80°C and Np (CpHp) fixation calculated as nmoles

Np fixed g-1 dry root hr-1 using a CyHy/Ny conversion

factor of 3. Partial correlation coefficients were computed for data
collected from alsike clover and sainfoin sampled 14 mo after
planting to determine if any relationships existed between the N>
(CoHp) fixing capacity of the plants and root wt, shoot wt, shoot

N, total soil N and soil NO3-N.

2.2.4 Statistical Analysis
Again (as mentioned for data collected in the field




30

studies) many statistical techniques were required to analyze the
data collected in the tank study. Therefore, tc avoid confusion, the
statistical tests required to analyze each data set have been
footnoted on the tabulated data.
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3. RESULTS
3.1. FIELD STUDY
3.1.1 Numbers of Bacteria and Actinomycetes and Hyphal Lengths

Data on the effects of surface mining on bacterial and
actinomycete numbers and hyphal lengths at the three study sites are
presented in Tables 5 to 7 and Fig. 1 and 2 (grassland and subalpine
sites only). These results demonstrate that:

i) in the undisturbed soil at all three sites, numbers of
bacteria were significantly higher in the surface organic layers of
soil (i.e. soil from the Anh, H and FH horizons in the grassland,
subalpine and oil sands plots respectively) than in the subsurface
mineral horizons (i.e. B horizon soil at all three sites).

ii) mining disturbance resulted in an increase in bacterial
numbers (particularly in the surface soil) at the grassland site.
However, at the subalpine and oil sands sites, mining significantly
reduced the numbers of bacteria in comparison with bacterial counts
from the undisturbed surface soil horizons, but not in comparison
with those from the subsurface mineral horizons.

iii) actinomycete numbers were significantly lower in the
surface 0-5 cm deep soil from the disturbed plot than in the 0-15 cm
undisturbed topsoil at the grassland site. Actinomycete counts in
the 5-15 cm mineral soil were not affected by disturbance at this
site.

iv) mining disturbance did not significantly influence
actinomycete numbers at the subalpine site, while no actinomycetes
were detected in soil from either the undisturbed or disturbed oil
sands plots.

v) hyphal lengths, both total and those with cell
contents, were significantly lower in the disturbed than undisturbed
soil. At the subalpine site, mining also decreased the amount of
mycelium with clamps (i.e. hyphae belonging to the basidiomycete
group of fungi - a group which includes many of the ectomycorrhizal
fungi). No clamped hyphae were observed in soil from the grassland
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Table 5. Effect of surface mining on bacterial and actinomycete
numbers and hyphal lengths at the grassland site.

Soil and depth (cm)
Undisturbed Disturbed
Microbial Parameter Topsoil Mineral Mineral Mineral MSE
(0-15) (15-25) (0-5)  (5-15)

Bacteria

(x 10° g} dwt soil) g.13b2 2 g2 96.4¢  26.2°C  0.79

Actinomycetes 1

(x 10° g°! dwt soil)  103.1°° 54.83P 6.02 114.130

Hyphal lengths

(m g'1 dwt soil)
Total 1201b2 1250° 2632 216° 10484
With cell contents 127° 166° 222 182 0.23

Data was analyzed by a one-way ANOVA. Where the F-test was
significant, differences were determined using the Scheffe multiple
contrast procedure (P = 0.05) (Neter and Wasserman, 1974). Values in
each row followed by same letter(s) do not differ significantly. MSE
= mean square error.

lanalyzed by a Kruskal-Wallis test.

2pata was 1n Y transformed prior to analysis. Values presented are
geometric means.
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Table 6. Effect of surface mining on bacterial and actinomycete
numbers and hyphal lengths in the subalpine soill.

Soil and depth (cm)
Undisturbed Disturbed
Microbial Parameter Organic Mineral Mineral Mineral MSE
(0-10) (10-20) (0-5)  (5-15)

Bacteria
(x 10° ¢7! dwt soil) 210 3.1° 78.9> 5.7 .21
Actinomycetes
5 -1 . a a2 a a
(x 10° ¢~* dwt soil) 5.1 0 1.472  1.84% 2.77
Hyphal lengths
(m g'1 dwt soil)
Total 27106  2672° 778 788 .10
With cell contents 49785  271P 92 62 .41
With clamps 6488 106 .4 0

1pata was analyzed by a one-way ANOVA and Scheffe multiple

contrasts. Bacteria and actinomycete data required a 1n (y + 1)
transformation while the hyphal length data required a 1n Y
transformation. Means for these parameters are geometric. Values in
each row followed by the same letter do not differ significantly (p =
0.05). MSE = mean square error.

2No variation, therefore not included in analysis. The confidence
interval calculated for the other treatments indicated this value was
not significantly different from the other values.
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Table 7. Effect of surface mining on bacterial and actinomycete
numbers in the extracted oil sands.

Soil and depth (cm)
Undisturbed Disturbed
Microbial Parameter Organic Mineral Mineral Mineral
(0-5)  (5-15) (0-5) (5-15)

Bacterial 34,30 2.5 7.52 g.73
(x 100 g1 dwt soil) (28.8)  (0.6) (0.7) (1.2)
Actinomycetes 0 0 0 0

1pata analyzed by Kruskal-Wallis test. Significant differences
amongst the treatments were determined by post hoc comparisons (p <
0.05). ( ) = standard deviation.
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site. Hyphal lengths in soil from the undisturbed o0il sand plots
were not determined.

3.1.2 Bacteria Isolated by Dilution Plating
The most frequently isolated groups of bacteria in the un-

disturbed prairie grasslands topsoil were Arthrobacter, Bacillus, the

coryneforms and the Gram negative nonpigmented rods while Bacillus,
the coryneforms and Gram negative nonpigmented rods were the most
common organisms in the subsurface mineral soil (Table 8). After
mining the grasslands soil, the isolation frequency of the coryne-
forms increased significantly (particularly when comparing the undis-
turbed topsoil with the disturbed soils) while the frequencies of
Bacillus and the nonpigmented Gram negative rods decreased. In gen-
eral, the frequency of Gram negative bacteria decreased and the Gram
positive bacteria increased after mining. The % viability (after 6
mo storage) of the bacteria isolated from the topsoil was signifi-
cantly lower than the % viability of isolates from the disturbed
soils (Table 8).

The groups of bacteria isolated from the undisturbed sub-
alpine soil were dominated by coryneforms, Cytophaga, Flavobacterium
(organic soil only) and nonpigmented Gram negative bacteria (Table

9). As in the prairie grasslands soil, mining caused a significant
increase in the frequency of coryneforms while the nonpigmented rods
tended to decrease. The number of Cytophaga isolates was also lower
in the disturbed than undisturbed soil. In general, the bacterial
isolation data from the subalpine soils demonstrated the same trend
as that from the grasslands soil; that is, Gram negative bacteria de-
creased while Gram positive bacteria increased after disturbance.
The viability of isolates from the undisturbed subalpine soil was
significantly affected by storage in comparison with the viability of
isolates from the disturbed soils (Table 9).

The coryneforms and yellow pigmented and nonpigmented Gram
negative rods were the most common bacteria in the undisturbed
0-5 cm soil from the oil sands site, while the coryneforms, Cytophaga
and nonpigmented Gram negative rods were very frequent in the 5-15 cm
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Table 8. Effect of surface mining on the isolation frequencies of

the bacterial groups in grasslands minespoill.

Percent of total viable isolates

storage

Undisturbed Disturbed
Bacterial group Topsoil  Mineral Mineral Mineral MSE
(0-15) (15-25) (0-5) (5-15)
Arthrobacter 13.92 3.32 5.04 10.08  81.5
Bacillus 29.630  32.7b 6.72b 3.33 246.0
Coryneforms 26.42 40.33b 71.7b 68.3b 472.4
(excluding
Arthrobacter and
Nocardia)
Cytophaga 3.7 0 0 0
(5.05) (0) (0) (0)
Flavobacterium 2.0 0 0 0
(4.47) (0) (0) (0)
Nocardia 1.8 3.5 0 0
(4.07) (4.77) (0) (0)
Staphylococcus 0 0 6.7 0
(0) (0) (14.89) (0)
Yellow pigmented 2 0 5.0 3.3
Gram negative rods (4.47) (0) (7.46) (4.55)
Nonpigmented 20.6°  20.1P 3.33b 02 74.6
Gram negative rods
Gram positive 0 0 0 15
cocci (0) (0) (0) (12.35)
Total Gram negative 28.2°  20.3% 8.3 3.3 80.6
Total Gram positive 71.88  79.7%P 91.6° _96.7b 80.6
% viability after 86.7% 98.3%®  100P 1000 43.4

(cont'd)
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Iyhere possible, data was analyzed using a one-way ANOVA and

Scheffe multiple contrasts. Values in each row followed by the same
letter do not differ significantly (p = 0.05). MSE = mean square
error. ( ) = standard deviation.



Table 9. Effect of surface mining on the isolation frequencies of the bacterial groups from
the subalpine minespoill.

Undisturbed Disturbed Stockpiled
Bacterial group Organic Mineral Mineral Mineral regolith MSE
(0-10) (10-20) (0-5 cm) (5-15 cm)

Arthrobacter? 5.4 3.3 17.6 18.5 0
(7.37) (7.47) (12.90) (9.15) (0)
Bacillus 2.53 8.72 11.62 7.6° 6.4° 46.0
Chromobacterium 0 0 0 0 3.0
(0) (0) (0) (0) (5.25)
Coryneforms
(excluding Arthrobacter) 6.02 14.6%°  46.1¢  27.63C  19.13C 5,
Cytophaga 16.2 22.9 0 5.6 3.0
(10.26) (20.34) (0) (8.25) (5.77)
Flavobacterium 11.1 0 1.7 7.2 0
(12.10) (0) (3.71) (7.17) (0)
Flexibacter 0 0 0 1.8 0
. (0) (0) (0) (4.07) (0)
Nocardia 0 0 5.9 2.0 3.0
(0) (0) (5.41) (4.47) (5.25)
Pseudomonas 2.0 0 0 0 0

(4.47) (0) (0) (0) (0)

ov



Staphylococcus 2.0 2.5 3.3 4.0 3.6
(4.47) (8.35) (7.47)  (8.94) (10.57)
Other Gram positive cocci 0 0 6.8 1.8 6.1
(0) (0) (7.04) (4.07) (17.32)
Yellow pigmented 7.0 3.3 0 5.6 3.3
Gram-negative rods (10.95) (7.47) (0) (8.25) (5.77)
Orange pigmented 0 n 0 0 2.3
Gram-negative rods (0) (0) (0) (0) (4.79)
Nonpigmented 47.9b a4 .9ab 4.3° 15.02 34.73b 0.3
Gram-negative rods3
Gram negative bacteria 84.2¢ 71.13b 8.83 36.53b 55.43bC 397 9
Gram positive bacteria 15.92 29.0ab 91.3C 61.5bC 44.630C 3837
% viability after storage 58,32 58.32 91.7b 90.0P 91.7b 134.5
lWhere possible, data was analyzed by a one-way ANOVA and Scheffe multiple contrasts. Values

in each row followed by same letter do not differ significantly (p = 0.05). MSE = mean square

error. ( ) = standard deviation.

2No Arthrobacter occurred in regolith, hence this treatment was not included in the analysis.

Although the F value was significant for the other treatments, no pairwise or linear trends

could be detected.

3pata was 2 arcsin /p transformed. Means are geometric.

87
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deep soil from the same site (Table 10). The bacterial groups
present in the sand after extraction of the oil were not determined
in this study.

3.1.3 Fungi Isolated by Soil Washing Technique

Tables 11 to 13 present data on the most frequently
isolated fungi from the three study sites, both before and after
disturbance. At the grassland site, the
Chrysosporium-Pseudogymnoascus spp., and the sterile dark and sterile

hyaline forms (these are organisms which will not fruit in culture;
hence are termed sterile) were the most common isolates from the
undisturbed soil (Table 11). Fungal isolates from the disturbed soil
were dominated by Alternaria spp., Cladosporium spp., Penicillium

spp., sterile dark forms and yeasts. The % of total soil particles
plated which yielded fungi ranged from 70 to 90.

Mortierella spp., Mucor spp., Mycelium radicis atrovirens
(MRA), Oidiodendron spp. (organic soil mainly), Penicillium spp.
(organic soil mainly), Tolypocladium (mineral soil), Trichoderma

polysporum and the yeasts (mineral soil mainly) formed a large
proportion of the isolates from the undisturbed spruce-fir forest at
the subalpine site (see Table 12). The fungal community in the
stockpiled regolith consisted mainly of Acremonium spp.,
Chrysosporium spp., Phialophora spp. and yeasts. After the

stockpiled regolith had been spread, but prior to planting, the
frequency of Candida (a yeast) increased significantly. There were
also significantly more isolates of Chrysosporium spp. in the
disturbed soil than in the undisturbed organic soil. Therefore, the
effect of mining disturbance on the fungal community of the subalpine
soils was to shift it from one dominated by Mortierella, Mucor,
Oidiodendron, Penicillium and Trichoderma polysporum to one dominated
by the Candida and Chrysosporium spp. The % of total soil particles
plated from the disturbed plot which yielded fungi was significantly
lower than that from the undisturbed soils.

Of the three study sites, the effects of mining on the
fungal community were most drastic at the oil sands (Table 13). The
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Table 10. Isolation frequencies of the bacterial groups from the
undisturbed oil sands sitel.

Percent of total viable isolates

Bacterial group Organic (0-5 cm) Mineral (5-15 cm)
X SD X SD

Arthrobacter 1.4 3.2 6.2 9.1
Bacillus 2.9 3.9 0
Chromobacterium 1.4 3.2 0
Coryneforms

(excluding Arthrobacter)  30.8%  11.8 24.82  19.6
Cytophaga 8.5 15.5 22.8 37.6
Flavobacterium 2.8 3.8 3.6 8.1
Yellow pigmented

Gram negative rods 16.9 16.4 9.9 11.3
Orange pigmented

Gram negative rods 4.2 3.8 0 0
Nonpigmented

Gram negative rods 31.2° 20.8 32.6%  31.8
Gram negative bacteria 65.02 13.5 69.02  20.1
Gram positive bacteria 35.0° 13.5 31.02  20.1
% viability after storage  94.7° 3.0 68.0%  24.2

Iwhere possible data were analyzed by Student t-test. Values in
each row followed by same letter do not differ significantly (p =
0.05). SD = standard deviation.

2pata analyzed by Fisher's randomization t-test.
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Table 11. Effect of surface mining on the per cent frequency of
occurrence of the most commonly isolated fungal groups at
the prairie grasslands site (i.e. having a mean frequency

of occurrence >5% in any one soil replicate).

Soils and depth (cm)

Undisturbed Disturbed

Fungal group Topsoil  Mineral Mineral Mineral MSE

(0-15)  (15-25) (0-5) (5-15)
Alternaria spp. 0d . 02 23.72 9.7a 53,513
Chrysosporium- 20.02b 66.8P 3.32 7.332  0.26

Pseudogymnoascus

Cladosporium spp. 0.32 02 13.7b 2.1ab 0,08
Fusarium spp. 3.8a? 0.1 1.62b 5.3b 0.04
Mortierella spp. 4.5d 6.33 n.1a 1.82  0.06
Oidiodendron spp. 02 0d 5.53 9.22  21.533
Penicillium spp. 0.62 4.93b 6.43b  23.1b  0.13
Trichocladium sp. 0? 6.02 02 00 12.43
Sterile dark 24.02 4.0° 17.52 12.52 121.77
Sterile hyaline 7.sab2 15.2 1.72 5.00  23.0
Yeasts 3.52b 0.7 35.2D 12.52b
% of particles plated 76.0 86.8 70.0 87.5

which yielded fungi

Values in each row followed by same letter do not differ
significantly (p = 0.05).

1pata analyzed by a one-way ANOVA after 2 arcsin /p transformation
(sterile hyaline data did not require a transformation). Significant
differences were detected by}Scheffé multiple contrasts. Values are
geometric means. MSE = mean square error.

2Data analyzed with a Kruskal-Wallis test.

3pata analyzed by Student t-test; except for Trichocladium.

in MSE column is 95% confidence interval for difference.

Value




Table 12. Effect of surface mining on the per cent frequency of occurrence of the most

commonly isolated fungi at the subalpine site (i.e. those genera having a mean

frequency of occurrence >5% in any one soil replicate)l.

Soils and depth (cm)

Undisturbed Disturbed Stockpiled
Fungus Organic Mineral Mineral Mineral regolith MSE
(0-10) (10-20) (0-5) (5-15)

Acremoni um 5.3P 1.83b 0.32 .5ab 11.1¢ .031
Candida® 0 0 20.32 .32 0
Chrysosporium 3.32 8.83  18.0P 21.5P 21.1b .089
Mortierella 84.0C 35.0P 0.32 2.52 0 .080 -
Mucor 14.03P 27.3P 0.52 1.52 1.12 177 7
Mycelium radicis

atrovirens 34.7 6.0 0 0 0
0Oidiodendron 20.0P 4.03b 1.33 0.32 3.3 .090
Penicillium 54.7b 8.53 0.82 0.52 1.12 .308
Phialophora 0 9.0 0.5 0.3 30.0
Pseudogymnoascus bhattii 0 5.0 0 0.5 0
Rhinocladiella 11.3 3.8 2.0 0.3 0
Tolypocladium 2.7 16.8 0 0 0
Trichoderma polysporum 26.7 14.5 0 0 0
Verticillium 7.3 0 0 0 0

(cont'd)



Yeasts 0 19.3 2.0 11.5 43.3
Sterile dark 2.22 9.52 5.52 3.0° 8.9° .080
Sterile hyaline 0 8.3 1.3 0 6.7
% total plated soil 100.0¢ 98.5¢ 45,430 40.2° 82.3"¢ 378.1

particles yielding
fungi

number of 1solates per genus :
total number of plated soil particles x 100%. MWhere possible,

data was analyzed by a one-way ANOVA after 2 arcsin v/p transformation. Transformed data
presented as geometric means. Significant differences were detected by Scheffe multiple
contrasts for pairwise comparisons. Values in each row followed by the same letter do not
differ significantly (p < 0.05). MSE = mean square error.

2pata analyzed by Student t-test.

IFrequency of occurrence =

9%



Table 13. Effect of surface mining on the percent frequency of occurrence of the most commonly
isolated fungal genera at the oil sands site (i.e. those having a mean frequency of
occurrence >5% in any one soil replicate)l.

Soils and depth (cm)
Fungus Undisturbed Disturbed MSE
Organic Mineral Mineral Mineral
(0-5) (5-15) (0-5) (5-15)

Acremonium? 10.02 (14.5) 0 1.1 (1.9)a 0

Beauveria 0 10.0 (22.4) 0 0

Cladosporium 0 0 10.0 (8.8) 0

Humicola 0 15.3 (6.1) 0 0

Mortierella 68.5D 10.02 2.23 0 122.1

Mucor 13.0 (7.8) 10.7 (4.3) 0 0

Mycelium radicis atrovirens 2.5 (4.3) 10.7 (10.4) 0 0

Oidiodendron 32.5 (24.2) 7.3 (3.6) 0 0

Penicillium 86.5D 7.32 1.13 0 59.3

Pseudogymnoascus 0 16.0 (8.6) 0 0

Thysanophora 2.5 (5.6) 15.3 (13.0) 0 0

Trichoderma 44.2 (37.8) 14.7 (21.9) 0 0

Verticillium 6.0 (5.5) 0 0 0

Yeasts 0 2.08 10.02 1.1 41.4

Sterile dark 2.02 8.70 2.23 0 10.52

(cont'd)

LY



Table 13. (cont'd)

Sterile hyaline2 0 12.73 (7.2) 2.22 (1.9) 0
% total plated soil3
particles yielding fungi 99.7¢ 96.4C 26.5D 0.42 192.05

number of isolates per genus R
total number of plated soil particlesx 100%. Where possible,
data were analyzed by a one-way ANOVA and Scheffe multiple contrasts for pairwise comparisons.

lFrequency of occurrence =

(0 values were excluded from the analysis). Values in each row followed by the same letter are
not significantly different (p < 0.05). MSE = mean square error.

1pata analyzed by a Student t-test. ( ) = standard deviation.

3pata were 2 arcsin /p transformed for analysis. Means are geometric.

8v
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fungi isolated from the undisturbed jack pine woodland were highly
diverse with Mortierella, Oidiodendron, Penicillium and Trichoderma

being the most common fungi in the organic soil and Humicola,
Pseudogymnoascus, Thysanophora, Trichoderma and sterile hyaline

forms, the most common in the subsurface mineral soil. The tailing
sand, however, was very poorly colonized by fungi. Only the surface,
0-5 cm sand was colonized to any degree - the organisms being mainly
Cladosporium spp. and yeasts which are both common in the atmosphere.
Data on the % total soil particles plated yielding fungi provide
further evidence for the sparsity of fungi in the sand after oil

extraction.

3.1.4 Microbial Activity, Biomass and ATP

At the grassland and subalpine sites surface mining
resulted in a significant decrease in microbial activity (Cop
efflux), microbial biomass C and ATP levels (Tables 14 and 15, Figs.
3 and 4). Although microbial biomass C measurements were higher in
the undisturbed sand than in the disturbed sand, mining did not
significantly influence levels of microbial activity and ATP (Table
16, Fig. 5). Data for these two parameters, however, were

exceedingly variable.

3.1.5 Asymbiotic N» Fixation

Measurements of asymbiotic Np fixation in remoistened
soil from the grassland and subalpine site were extremely low in all
soils tested and highly variable (Tables 17 and 18). No N»
(CoHp) fixation was measured in the disturbed grassland soils and
very low levels of activity were recorded for the disturbed soils and
stockpiled regolith from the subalpine site. Asymbiotic N»
fixation was not assessed for soils from the oil sands site.

3.1.6 Decay Rates of Standard Substrates (Filter Paper, Wood
Dowel)
Values for the % dry wt remaining of filter paper placed in
the undisturbed and disturbed grassland plots and sampled regularly




Table 14. Effect of surface mining on COp efflux, microbial biomass C and ATP levels at the
grassland site.

Soil type and depth (cm)
Undisturbed topsoil (0-15) Disturbed mineral (0-5)
Microbial parameter X SD X SD

CO» evolution 1

(m 100g™" dry soil hr ') 0.432 0.05 0.16° 0.07

Microbial biomass C

(mg 100g™" dry soil) 84.62 9.6 14.8P 8.3

ATP (ng 100g™" dry soil) 32.2% 40.0 1.4° 1.8 .
Soil moisture (% wet wt) 13.0° 0.53 12.02 1.64 <

1C02+ data and microbial biomass data were analyzed using a Student t-test. Means (X) in
each row followed by the same letter do not differ significantly (p = 0.05). SD = standard
deviation. :

2The Wilcoxon test was applied to the ATP data. Values in each row followed by the same
letter do not differ significantly (p = 0.05).
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Table 15. Effect of surface mining on COz efflux, microbial biomass C and ATP levels at the
subalpine sitel.

Microbial Parameter

Soil type and CO, efflux Microbial biomass ATP Soil HZO
depth (cm) (m 100 g~ soi1 hr-l) (mg C 100 g-1 soi1) (ug 100 g-1 s0i1) (% wet wt)
x X » X s X s
Undisturbed organic 5.29P .07 978.44b A7 20.32b  64.05 61 9.00
(0-10)
Disturbed mineral 0.14° .07 24.012  1.07 1.274 .02 7 1.47
(0-5)
Undisturbed mineral 0.55b 0 66.05P 1.76 2.942 J5 41 .43
(10-20)
Disturbed mineral 0.142 322 32.802  4.11 268 04 10 .79
(5-15)

1pata analyzed using a Student t-test. Undisturbed organic biomass required sq. rt.
transformation and ATP data was 1n Y transformed. Transformed data are presented as geometric
means. Means in each column within a soil layer followed by the same letter do not differ
significantly (p = 0.05). SD = standard deviation.

2Undisturbed mineral data had 0 variance, hence means were tested using the 95% confidence
interval for the mineral data.

s
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Table 16.

0il sands sitel.

Effect of surface mining on CO» efflux, microbial biomass C and ATP levels at the

Microbial Parameter

Soil type and CO2 efflux Microbial biomass Soil H20
depth (cm) (ml 100 g ' soil he ) (mg C 100 g'] soil) (ug 100 g ' soil) (% wet wt)
s X X o x s
Undisturbed organic .32 21.44b .36 3.16 3.98 6.3 2.7
(0-5)
Disturbed mineral 0 3.614 .28 0 0 5.2 1.4
(0-5)
Undisturbed mineral .12 9.28> 1.52 0 0 5.3 1.3
(5-15)
Disturbed mineral 0 3.97%7 .64 0 0 6.7 2.1
(5-15)

1pata analyzed by a Student t-test.

Disturbed basal COp + data had no variance so the mean

was used as an absolute value and tested with 95% confidence interval.
within the same soil layer followed by the same letter do not differ significantly (p = 0.05).

2Required a sq. rt. transformation.

Means are geometric.

Values in each column

vS
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Table 17. Effect of surface mining on Np (CoHy) fixing

potential

of remoistened soil from the grassland site.

Parameter

Soil and depth (cm)

Undisturbed Disturbed

Topsoil  Mineral Mineral Mineral
(0-15)  (15-25) (0-5) (5-15)

Moisture (% wet wt)

N2 (C2H2) fixationl
(nmo.100g~! dry
soil hr1)

X 33 27 32 32
SD 1 1 1 1
X .15 .21

SD .16 .11 0

1The CoHp/Ny conversion factor was assumed to be 3 (Hardy et

al., 1973).



Table 18. Effect of surface mining on No (CoHy) fixing potential of remoistened soil

from the subalpine site.

Soil and depth (cm)

Undisturbed Disturbed Stockpiled
Parameter Organic Mineral Mineral Mineral regolith
(0-10) (10-20) (0-5) (5-15)
Moisture (% wet wt) X 78.6 39.5 19.1 14.4 19.3
: SD 1.4 9.8 2.6 0.9 0.8
N, (CoHp) fixation X .30 .01 .11 .05 .02
(nmo1.100 g-1 dwt SD .28 .03 .13 .05 .03
soil hr-1)
1The CoHp/No conversion factor was assumed to be 3 (Hardy et al., 1973). SD = standard

deviation.

LS
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thereafter are presented in Table 19 and Fig. 6. There were no
differences in wt loss of filters between the undisturbed and
disturbed plots until 24 mo after the initiation of the experiment
when the disturbed plot filters had lost more wt than the undisturbed
plot filters. However, this difference was not significant until 44
mo after the filters were placed on the plots. At that time the wt
of paper remaining on the disturbed soil was negligible while 72% of
the paper remained in the undisturbed plot.

The decomposition of filter paper placed in the undisturbed
and disturbed plots at the subalpine site followed a similar trend to
that observed in the grassland site (Table 20, Fig. 7). Filters
decayed more rapidly at the disturbed than undisturbed site, but this
difference did not become obvious until 33 mo after the initiation of
the experiment.

Since no long term decomposition experiment was established
on a disturbed plot at the oil sands, filter paper wt loss after 1 yr
incubation in the undisturbed jack pine plot was compared with the 1
yr wt loss obtained for filters placed in the control plots in the
tank study. The data obtained (Table 21) demonstrated that wt loss
of filter paper over the short term was not significantly different
between undisturbed and disturbed plots.

Amendation of filter paper with ammonium nitrate to
decrease the C/N ratio, resulted in significantly faster decay of the
filters placed at the undisturbed grassland site, but had no
significant effects on decay rates of filters placed in the disturbed
grassland plot and both disturbed and undisturbed subalpine plots
(Tables 22, 23, 24 and 25).

The wt Toss of fir dowel at the grassland and subalpine
sites was negligible over the 44, 45 mo term of the study (Tables 26
and 27). No differences in dowel decomposition were observed between
disturbed and undisturbed plots at any of the study sites (Tables 21,
26 and 27) and amendation of the wood with ammonium nitrate did not
appear to hasten the rate of decay (Tables 26 and 27). Blocks of
spruce wood placed at the subalpine site also decomposed very slowly
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Table 19. Effect of surface mining on the decomposition (% dry wt
remaining) of cellulose filter paper at the prairie
grassland sitel.

Site
Time (mo) Undisturbed Disturbed
6 99d 100d
12 99d 97d
20 99d 99d
24 93cd 51bc
32 g7bed 262b
44 72bcd 0.42

lpata analyzed by a two-way ANOVA after 2 arcsin v/p transformation.
MSE = .1710. A significant interaction was observed (p < .001).
Scheffe multiple contrasts for pairwise comparisons were then
calculated to detect significant differences in treatment means.
Values are geometric means and where followed by the same letter(s)
do not differ significantly (p < 0.05).
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Table 20. Effect of surface mining disturbance on the decomposition
of unamended filter paper at the subalpine sitel.

% dry filter remaining

Time (mo) Undisturbed site Disturbed site Time X
9 100 92 97b
12 99 93 g7b
21 100 92 98b
24 84 84 gaab
33 86 53 693b
36 63 51 572
45 61 19 392

Site X 90b 722

lpata analyzed by a two-way ANOVA (MSE = 1501.18) and Scheffe
multiple contrasts for pairwise comparisons. Values in the time X
column or site X row followed by the same letter(s) do not differ
significantly (p < 0.05).
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Table 21. Effect of mining disturbance on the decomposition of
filter paper and fir dowel after 1 yr on the oil sands

sitel.
Site
Substrate Undisturbed Disturbed (tanks)
Filter paper g7a gs5a
Fir dowel2 96 99

'1Data analyzed by Student t-test. Values followed by same letter
do not differ significantly (p < 0.05).
2pata not analyzed due to lack of variation.
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Table 22. Decomposition (% weight remaining) of ammonium nitrate
amended and unamended filter papers at the undisturbed
prairie grassland plotsl.

Treatment

Time (mo) Unamended N-amended Time i
6 99 92 96°¢
12 99 95 98d
20 99 90 96dc
24 93 83 ggPc
32 87 82 g5b
44 72 63 672

Treatment X 94b g5

Ipata analyzed by a two-way ANOVA after 2 arcsin /p transformation
(MSE = .0638) and Scheffe multiple contrasts for pairwise
comparisons. Values in the time X column or treatment X row followed
by the same letter(s) do not differ significantly (p < 0.05). Values
are geometric means.
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Table 23. Decomposition (% dry wt remaining) of ammonium nitrate
amended and unamended filter papers at the disturbed
prairie grassland plotsl.

Treatment

Time (mo) Unamended Amended Time i
6 100 93 9sd
12 97 86 93d
20 99 80 92d
24 51 68 60C
32 26 36 31bc
44 0.4 2.0 1.02

Treatment X 684 602

Ipata analyzed by a two-way ANOVA after a 2 arcsin /p

transformation (MSE = .2830) and Scheffé multiple contrasts for
pairwise comparisons. Values in the time X column or treatment X row
followed by the same letter(s) do not differ significantly (p <
0.05). Values are geometric means.



66

Table 24. Decomposition of unamended and N-amended filter papers at
the undisturbed subalpine sitel.

% dry wt. remaining

Time (mo) Unamended N-amended
9 100d 91abcd
12 ggbcd g3abcd
21 100d ggabced
24 84abcd 708bcC
33 geabcd gaabcd
36 632 6730
45 612 682D

lpata analyzed by two-way ANOVA (MSE = 396.61). A significant
interaction was observed so Scheffe multiple contrasts were applied
to all values to determine treatment effects. Values followed by the
same letter(s) do not differ significantly (p < 0.05).



67

Table 25. Decomposition of unamended and N-amended filter papers at
the disturbed subalpine sitesl.

% dry filter paper remaining

Time (mo) Unamended N-amended Time X
9 85 78 g1ab
12 90 83 g7b
21 83 65 74ab
24 77 61 69ab
33 53 39 463b
36 52 46 49ab
45 28 32 302
Treatment X 674 582

1pata analyzed by two-way ANOVA (MSE = 1032.0) and Scheffé multiple
contrasts for pairwise comparisons. Values in the time X column or
treatment X row followed by the same letter(s) do not differ
significantly (p < 0.05).
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Table 26. Decomposition (% dry wt remaining) of N-amended and
unamended fir dowel at the undisturbed and disturbed

prairie grassland sitesl.

% dry wt remaining

Time (mo) Undisturbed site Disturbed site
Unamended N-amended Unamended N-amended

6 99 95 100 96

12 99 94 100 98

20 99 97 100 98

24 98 94 99 97

32 98 95 100 97
44 100 95 100 97

lpata for the woody substrates were not analyzed due to lack of

variation.



Table 27. Decomposition of unamended and N-amended fir dowel and spruce wood blocks at the
undisturbed and disturbed subalpine sitesl.

% dry wt remaining

Time (mo) Undisturbed site Disturbed site

Unamended fir  Amended fir  Spruce Unamended fir  Amended fir  Spruce
9 100 98 98 99 97 93
12 96 93 98 100 98 98
21 100 96 98 99 98 98
24 100 97 96 99 97 96
33 100 99 97 100 98 100
36 100 96 97 100 92 93
45 99 97 - - - -

69

lpata not analyzed due to lack of variation.
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with no differences observed between undisturbed and disturbed plots
(Table 27).

3.1.7 Decay Rates of Native Leaf Litter and Woody Residues

The rate of decay of the native woody substrates at all
three sites (i.e. branchwood of Artemisia cana, Abies lasiocarpa and
branches and cones of Pinus banksiana at the grassland, subalpine and
01l sands sites respectively) was observed to be extremely slow with
80-90% wt remaining after 33 (0il sands site) or 45 mo incubation in
the field (Tables 28-30, Figs. 8-10). The decomposition of Agropyron
grass litter and fir needles was more rapid than that of the woody
substrates (Tables 28 and 29) with grass litter at the grassland site
decomposing faster than needles at the subalpine site. Over the
first 24 mo of the study, jack pine needles placed in bags tended to
Tose wt more rapidly than those strung on thread (Table 30, Fig. 10).
Pine and fir needle litter demonstrated short term gains in wt; the
worst example being that of bagged pine needles which had
significantly more wt remaining after 33 mo than 24 mo (Table 30).
Filter paper decomposed at a faster rate than pine needle litter at
the o0i1 sands site (Table 30, Fig. 10). However, at the grassland
site there was 72% wt remaining of the unamended filters after 44 mo
in the field (Table 22) compared with 40% wt remaining of the
Agropyron grass litter after the same time interval (Table 28).

There was very little difference between the wt remaining of
unamended filters and fir needles after 45 mo incubation at the
subalpine site (Tables 24, 29).

3.1.8 Effect of Revegetation on Microbial Respiration and Biomass

C at the Subalpine Site

Disturbance through‘mining caused a significant increase in
the pH from 4.5 in the undisturbed organic soil to 5.9 in the stock-
piled regolith (Table 31). As reclamation progressed the pH
increased significantly to 7.3 in a site revegetated for 7 yr.
Organic matter content was shown to be significantly lower in the
stockpiled regolith and soil from areas in the early stages of
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Table 28. Decomposition of Agropyron sp. grass litter and Artemisia
cana stems at the prairie grassland undisturbed sitel.

% dry wt remaining

Time (mo) Grass litter Woody stems
6 g89d 952
12 61C 91a
20 53bc 938
24 41ab 902
32 45ab ggd
44 402 8ga
MSE 27.8 .0156

1pata analyzed by a one-way ANOVA and Scheffe multiple contrasts

for pairwise comparisons. Values in each column followed by the same
letter(s) do not differ significantly (p < 0.05). Data for woody
stems required a 2 arcsin Vp transformation; means are, therefore,
geometric.
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Table 29. Decomposition of Abies tasiocarpa needles and branch wood

at the subalpine undisturbed site.

% dry wt remaining

Time (mo) Needles! Branch wood
9 95b 9gb

12 g3ab 95b

21 g2ab 95b

24 773b 93b

33 78ab 9gb

36 72ab 96b

45 672 84a

MSE .0353 .0438

Ipata analyzed by one-way ANOVA after 2 arcsin /p transformation.
Significant differences determined by Scheffe multiple contrasts for
pairwise comparisons. For the branch wood data, the mean of the
first six sample times was compared to the mean of the last sample
time to determine if a difference existed. Values in each column
followed by same letter(s) do not differ significantly (p < 0.05).
Means are geometric. MSE = mean square error.
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Table 30. Decomposition of various substrates at the undisturbed oil sands sitel.

% dry wt remaining

Substrate 9 mo 12 mo 21 mo 24 mo 33 mo MSE
Filter paper? 8¢ 50b 193b 48 62 .13
Fir dowel 98 96 99 97 97 .54
Jack pine needles (bag) ggb 78ab 773b 682 g1b 30.96
Jack pine needles (strung) 943 842 882 8ga - 38.52
Jack pine branch wood2 95b 92ab 95b ggab gs5a .046
Jack pine cones? 9g9b 96ab g97ab 942 922 .015

lpata analyzed by one-way ANOVA and Scheffé multiple contrasts for pairwise comparisons.
Values in each row followed by same letter(s) do not differ significantly (p < 0.05). MSE =
mean square error.

Ipata required 2 arcsin v/p transformation. Means are geometric.

G/
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Table 31. Microbial respiration and biomass in soil from an undisturbed subalpine forest

(spruce/fir) and from adjacent areas in various stages of reclamationl.

pH Organic Moisture Basal Microbial
Soil description (.01 M CaCl,) matter (% wet wt) respiration biomass C
(L1 COp* 100g°1 (mg C 10071
dwt hr-l) dwt)
Undisturbed 3
organic (0-10 cm) 4.5 85.8C  74.0 (1.7)2 69464 1151.7d
Undisturbed
mineral (10-20 cm) 4.72 5.92  24.3 (9.1) 862 22.43b
Mineral (0-10 cm)
(revegetated for 7 yr) 7.3d 18.8>  31.3 (11.4) 1073¢ 110.7¢
Mineral (0-10 cm)
(revegetated for 6 yr) 7.5d 6.72  15.2 (1.7) 436> 45.6PC
Mineral (0-10 cm)
(revegetated for 2 yr) 6.8C 2.32 12.2 (0.4) 1152 25.63D
Stockpiled regolith
(0-10 cm) 5.90 3.72  13.1 (0.5) 502 13.2°
MSE .04 14.2 6137 0.15

lpata analyzed by one-way ANOVA and Scheffé multiple contrasts.

by same letter(s) do not differ significantly (p < .05).

2( ) = standard deviation.

3pata required a 1n X transformation.

vValues are geometric means.

MSE = mean square error.

Values in each row followed

LL
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revegetation than in the undisturbed organic soil. However, the
organic matter level in the regolith was found to be comparable to
that in the undisturbed mineral soil. The site revegetated for 7 yr
had significantly more organic matter than the other disturbed and
revegetated sites. Basal respiration (COp efflux) and microbial
biomass C were significantly greater in the undisturbed organic soil
than any of the other soils. As reclamation (and soil pedogenesis)
progressed, both basal respiration and microbial biomass C
demonstrated an increasing trend. Interestingly, CO, efflux and
microbial biomass C in the stockpiled regolith was not significantly
different from that measured in the undisturbed mineral soil. The
microbial biomass C measured in the various soils demonstrated a
significant relationship to the soil organic matter content (Fig.
11).

3.2. TANK STUDY

3.2.1 Microbial Characteristics of Individual Amendments

Some of the chemical and physical characteristics of the
amendments have been presented in Table 6a, Visser et al. (1984).

Data on the microbial parameters determined for each of the
amendments are given in Tables 32 and 33. The bacteria were most
numerous in the sewage sludge and the peat, while actinomycetes were
only recorded from the peat. These results do not mean that there
were no actinomycetes present in the sewage sludge, fertilizer and
gypsum. It is possible that if lower soil dilutions (i.e. <
10-4) had been plated out, actinomycetes would have been isolated
from these amendments also. Hyphal length (both total and that with
cell contents) was significantly greater in the sewage sludge and
peat than in the fertilizer and gypsum.

The bacterial numbers and hyphal length results supported
the microbial activity measured in three of the amendments, i.e. peat

and sewage sludge with their high densities of bacteria and fungal
hyphae were also highly active in terms of 0, consumption (Table
34). ATP levels in the sewage sludge were also very high.
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Table 32. Bacterial and actinomycete numbers in amendments prior to application to tank soils.

Values are means of 3 replicates plus standard deviations.

Amendment

Sewage sludge Fertilizer Gypsum Peat

Bacteria

(no. x 105 g-1 dwt soil) X 42320 1.3 0.11 6560
D 7240 - .02 4860

Actinomycetes

(no. x 104 g-1 dwt soil) X < 104 < 104 < 104 1506
SD - - - 198

INo SD was calculated for bacteria from the fertilizer since 2 of the 3 replicates had <10°
bacteria g-1 dwt fertilizer. Dilutions of <10° were not plated out.

08



Table 33. Hyphal lengths in amendments prior to application to tank soilsl.

Hyphal category Amendment
(m g‘1 dwt amendment) Sewage Sludge Fertilizer Gypsum Peat MSE
Total hyphal length 2553¢ 329 79b 2275¢€ 0.041
Total hyphal length

0.208

with cell contents 401b 224 452 345b

lpata in each hyphal category were 1n Y transformed and analyzed with a one-way ANOVA and

Scheffé multiple contrasts for pairwise comparisons. Values in each row are geometric and

where followed by the same letter do not differ significantly (p < 0.05). MSE = mean square

error.

L8
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Table 34. Microbial activity (0o4) and ATP levels in amendments
prior to application to tank soils. Values are means (n =
3) + SE. Fertilizer was not tested.

Amendment 0+ (W1 1009'] dwt hr-1) ATP (ug 100 g-1)
Gypsum 28 + 6 ND1

Peat 1106 + 293 .10 + .10
Sewage sludge 6269 + 499 375.5 +137.9

IND = not determined.
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3.2.2. Prairie Grassland Minespoil - Effects of Amendation and

Plant Growth on Microbial Development

3.2.2.1 Microbial numbers. The ATP measurements made approximately

0.5 mo after amendation were highly variable with no ATP recorded
from the control, untreated soil, and very high (and variable) levels
in the topsoil treatment (Table 35). In general, ATP levels in the
subsurface soil were so low that they were not measureable.

In the surface soil, bacterial counts were significantly
higher in the sewage sludge treatment than in the gypsum and topsoil
treated and the untreated minespoil (Table 36). However, in the
subsurface soil (5-15 cm depth; 15-25 cm in topsoil treatment)
amendation and plant growth did not significantly influence the
numbers of bacteria. Overall, bacterial numbers did not differ
significantly between the two sampling times at either of the soil
depths in any of the treatments (Table 36). The data, particularly
that from the sewage sludge treatment, was highly variable.

The actinomycete numbers recorded in the prairie minespoil
plots, 0.5 and 15 mo after amendation, are presented in Table 37.
These data indicate that:

i) in the surface soil, there were no immediate effects of
amendation on the actinomycete counts. However, 15 mo after
amendation actinomycete numbers were significantly lower in the
gypsum treated spoil than in the untreated spoil.

ii) at the deeper soil depth, gypsum application resulted
in fewer actinomycetes than that recorded in the untreated control
spoil.

iii) in general, in the surface spoil layer, amendation had
no significant influence on actinomycete numbers over the two
sampling times, but in the subsurface soil actinomycetes were more
numerous 15 mo after amendation than 0.5 mo after amendation.

3.2.2.2 Litter input and loss on ignition. Growing fall rye in the
sewage sludge and topsoil amended spoil resulted in significantly
more grass litter input than growing fall rye in the untreated and
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Table 35. ATP levels in grassland spoil 0.5 mo after amendation.
Values are X + SD.

Amendment Soil depth (cm) ATP (ug 100g-1 dry soil)
Control 0-5 0

5-15 0
Gypsum 0-5 1.1 +1.9

5-15 0
Sewage sludge 0-5 0.13 + 0.12

5-15 0.16 + 0.29
Topsoil 0-5 152.03 + 162.93

15-25 0
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Table 36. Effect of amendation and time on bacterial numbers in the
prairie grassland tank p]otsl. Plots were planted with

Fall Rye.

Depth No. of bacteria x 1079'1 dwt soil Amendment
Amendment  (cm) Time after amendation (mo) X

0.5 15

Control 0-5 5.49 3.92 4.643
Gypsum 4.38 15.32 8.192
Sewage 18.64 136.65 50.47b
Topsoil 11.31 5.58 7.954
Time X 8.443 14.632
Control 5-15 4.44 3.54 3.994
Gypsum 4.52 1.64 3.08a
Sewage 7.46 9.34 8.402
Topsoil 15-25 4.43 2.90 3.672
Time X 5.214 4.363

1pata analyzed by a two-way ANOVA (MSE = .845 and 11.80 for 0-5 cm
and 5-15 cm depths respectively) after 1n Y transformation. Values
in the amendment X column or time X row followed by the same letter
do not differ significantly (p < 0.05) as determined by Scheffé
multiple contrasts for pairwise comparisons. All values are
geometric.
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Table 37. Effect of amendation and time on actinomycete numbers in
the prairie grassland tank p]otsl. Plots were planted
with Fall Rye.

Depth No. of actinomycetes x 1059‘1 dwt soil Amendment

Amendment (cm) Time after amendation (mo) X
0.5 15

Control 0-5 69.22ab 278.13b

Gypsum 58.18ab 50.162

Sewage 43.843 112.92ab

Topsoil 109.272ab 67.263b

Control 5-15 90.09 303.47 165.35b

Gypsum 18.93 37.73 26.732

Sewage 105.72 95.38 100.42ab

Topsoil 15-25 16.58 75.67 35.423b

Time X 41.582 95.35b

1pata analyzed by a two-way ANOVA (MSE = .204 and .855 for 0-5 cm

and 5-15 cm depths respectively) after 1n Y transformation. A
significant interaction was detected for the 0-5 cm data, hence
Scheffe multiple contrasts for pairwise comparisons were applied to
all values. Values followed by the same letter(s) do not differ
significantly (p < 0.05). For the 5-15 cm data values in the
amendment X column or time X row followed by the same letter(s) do
not differ significantly (p < 0.05) as determined by Scheffé multiple
contrasts for pairwise comparisons. All values are geometric.
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gypsum amended spoil (Table 38). After 27 mo growth (i.e. after
three growing seasons) roots in the 0-5 cm soil weighed more in the
topsoil than in the other treatments; however in the deeper 5-15 cm
soil root wts were greater in the sewage sludge amended spoil than in
the control and gypsum treated spoil (Table 38).

Although amendation significantly influenced fall rye
litter input through primary production, loss on ignition
measurements in surface soil over the three sampling times were not
significantly affected (Table 39). Sewage sludge appeared to
significantly increase the organic matter levels of the 0-5 cm soil,
but no differences in amounts of organic matter were detected in the
subsurface soil in any of the treatments. In the 5-15 cm deep soil,
1655 on ignition values measured 15 mo after amendation were greater
than those measured 27 mo after treatment. The results obtained for
% loss on ignition should be viewed with caution since coal
contamination of the minespoil would no doubt lead to an overestimate
of the amount of "biologically available" organic carbon.
Intuitively, the sewage sludge and topsoil treated spoil would have
higher levels of active carbon than the gypsum treated and control
spoil.

3.2.2.3 Respiratory activity and microbial biomass. The
respiratory activity and microbial biomass C measured in the

variously treated spoil over the term of the study are summarized in
Tables 40, 41 and 42. Fig. 12 presents the microbial biomass C
measurements in comparison with the shoot production by fall rye over
the three growing seasons. The main features emerging from these
data are as follows:

i) CO2 evolution from the 0-5 cm deep soil over the
three sampling times demonstrated a trend with the topsoil treatment
being the most active, followed by sewage sludge, gypsum and the
untreated spoil (Table 40). In this surface soil, microbial activity
was significantly greater in the samples removed 15 mo after
amendation. At this time primary production was also at its peak
(Fig. 12).



Table 38. Fall rye litter (dead leaves and stems) input and root wts for the amended grassland
spoil p]otsl.

Time after Plant Soil Litter or root wt (g dry m-2)

planting (mo) parameter depth (cm) Control  Gypsum Sewage sludge Topsoil  MSE

27 Litter 0-5 53.02 59,52 245.7b 181.13P 2589.1
Roots 0-5 3.82 5.5 7.72 53.6P 0.3
Roots 5-15 3.28b 2 6 9.1b 6.33b 5.3

(15-25 in

topsoil)

1pata analyzed by one-way ANOVA and Scheffé multiple contrasts for pairwise comparisons.
Values in each row followed by the same letter(s) do not differ significantly (p < 0.05). The
0-5 cm root data required a 1In Y transformation, hence the means for this data are geometric.
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Table 39. Effect of time on % loss on ignition of amended grassland spoil planted with fall

ryel,2,
Soil Time after Amendment Time
depth (cm) amendation (mo) Control Gypsum Sewage sludge Topsoil X
0-5 0.5 6.11 5.79 8.57 7.56 7.014
15.0 7.39 7.49 7.58 6.87 7.33@
27.0 5.67 6.08 8.55 6.26 6.642
Amendment X 6.393 6.452 g8.23b 6.902
5-15 0.5 6.35 7.31 7.28 5.90 6.71
(15-25 in 15.0 7.22 8.15 7.40 6.79 7.39b
topsoil) 27.0 5.62 5.44 5.80 5.92 5.694
Amendment X 6.402 6.974 6.823 6.202

1pata analyzed by two-way ANOVA (MSE = 0.79 and 1.04 for 0-5 and 5-15 cm depths

respectively). No interactions were encountered, hence Scheffé multiple contrasts for pairwise
comparisons were applied to time and amendment means. Values in the time X columns or
amendment X rows followed by the same letters do not differ significantly (p < 0.05).

2 Loss on ignition values for all samples, but the topsoil (0-5 cm) are overestimates due to
coal particle contamination.
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Table 40. Development of microbial activity (u1 CO2 4+ 100 g'l dwt soil hr-1) in
amended grassland spoil planted with fall ryel.

Soil depth Time after Amendment Time
(cm) amendation (mo) Control Gypsum Sewage sludge Topsoil X
0-5 0.5 230 200 380 630 3604
15.0 430 760 800 700 670b
27.0 230 420 390 570 4002
Amendment X 2902 4602b 520bC 630C
5-15 0.5 5602b 5303b 9703b g203b
(15-25 in 15.0 6202b 1090° g702b 6602P
topsoil) 27.0 3608 4003 4403 4208

1pata analvzed by two-way ANOVA (MSE = 15 and 25 for 0-5 and 5-15 cm depths respectively).
Scheffé multiple contrasts for pairwise comrarisons were aonlied to the time and amencdment
means in the 0-5 cm data set (no sionificant interaction was observed) and the individual means
in the 5-15 cm data set (a significant interaction was observed). For the 0-5 cm data, values
in the time X column or amendment X row followed by the same letter(s) do not differ
significantly (p < 0.05). For the 5-15 cm data, values followed by the same letters do not
differ significantly (p < 0.05).
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Table 41. Development of microbial biomass (mao C 100 g'l dwt soil) in amended grassland

spoil planted with fall ryel.

Soi1l Time after Amendment
depth (cm) amendation (mo) Gypsum Sewage sludge Topsoil
0-5 0.5 8.112 15.723b 60.37bcd
15.0 31.89abcd 77 gicde 90.63cde 128.70de
27.0 61.23bcde 76 .64cde 151.66€
5-15 0.5 49,363 66.842D 61.493b
(15-25 in 15.0 52.853 55.763 51.212
topsoil) 27.0 51.123 51.563 121.16P

1pata analyzed by two-way ANMOVA (MSE = .125 and 233.48 for 0-5 and 5-15 cm depths
respectively).
pairwise comparisons were applied to individual means.
do not differ significantly (p < 0.05).

Significant interactions were encountered, hence Scheffé multiple contrasts for

means are geometric.

Values followed by the same letter(s)
The 0-5 cm data required a 1n transformation so all

L6



Table 42. The effect of sampling depth on microbial activity (CO»+) and microbial biomass C
in the amended grassland spoil, planted with fall ryel.

Parameter Time after Amendment
amendation (mo) Control Gypsum Sewage sludge Topsoil

Microbial 0.5 *k *k *k *x
activity 15.0 *k *ok NS NS

(COp *) 27.0 NS NS NS NS
Microbhial 0.5 NS *x *k NS
biomass C 15.0 NS NS *x *

27.0 NS NS ok * N

1as a result of dependence hetween the 0-5 and 5-15 cm data, the effect of depth was
determined by subtracting the 5-15 cm values from the 0-5 cm values an analyzing the resulting
data using the model for the two-way ANOVA (i.e. microbial biomass C = 4 .. + (amendment

effect) + (time effect) + error). The null hypothesis was that each treatment mean = 0 (i.e.
no difference between depths). This method allows examination of each treatment in the event
that not 611 treatments show an effect of depth.

NS - depths not significantly different (p < 0.05).

* - 0-5 cm significantly greater than 5-15 cm (15-25 in topsoil) (p < 0.05).

** - 5-15 cm significantly greater than 0-5 cm (p < 0.05).
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ii) unlike the surface soil, amendation and plant growth
had very little influence on the respiratory activity in the
subsurface soil (Table 40). Respiration measured 0.5 mo after
amendation was significantly higher in the subsurface than the
surface soil; however, at 15 mo after amendation no significant
differences were detected between COp efflux from soil at either
depth (Table 41).

iii) 1immediately after amendation, microbial biomass C in
0-5 cm soil was highest in the topsoil treatment followed by sewage
sludge, gypsum and control treatments (Table 41, Fig. 12). Fifteen
months after amendation, the microbial biomass had increased
significantly in the gypsyum and sewage sludge treated spoil. The
biomass in the topsoil treatment also increased, but this increase
was not significant until 27 mo after amendation. The microbial
biomass C demonstrated its greatest increase after the second growing
season (15 mo) when fall rye was also most productive (Fig. 12).

iv) microbial biomass was less affected by amendation and
subsequent plant growth in the 5-15 cm deep soil than the 0-5 cm deep
soil (Table 41). However, the spoil beneath the topsoil treatment
(i.e. 15-25 cm deep soil) contained more microbial biomass C 27 mo
after amendation than at the previous two sampling times.

v) no soil depth effects on microbial biomass C were
detected in the untreated plots, while the 5-15 cm deep sewage sludge
treated spoil contained more microbial biomass C than the surface
soil (Table 42). The biomass tended to be higher in the topsoil than
in the subsurface spoil material (Table 42).

Product moment correlation coefficients calculated between
% loss on ignition, grass litter input, grass root wt, microbial
activity and microbial biomass C demonstrated that fall rye root wts
and microbial activity and biomass C were highly correlated (Table
43). Microbial activity and microbial biomass C, % loss on ignition
and litter input were also strongly related. Soil respiratory
activity and microbial biomass C demonstrated a positive correlation
with grass litter input, but not as strong a correlation as obtained
with grass root wts.



Tahble 43. Product moment correlation coefficients for loss on ignition, litter input, root wt,
CO2 + and microbial biomass C data collected 27 mo after amendation of the
grassland spoil (fall rye plots).

% 1oss on Grass litter Grass Microbial Microbial

ignition input root wt activity (COp%) biomass C
% loss on ianition 1 .829 -.042 .230 .398
Grass litter input 1.00 .417 .526 .607
Grass root wt 1.00 .768 772
Microbial activity (COp+) 1.00 .873
Microbial biomass C 1.00

G6
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3.2.2.4 Decomposition of standard substrates. The decomposition
potential of the grassland minespoil as measured by wt loss of

cellulose filter paper after 1 yr incubation in the field was greater
if the spoil had been amended with topsoil than if it had been left
untreated or treated with gypsum (Table 44). This was true in
amended spoil planted with either fall rye or rambler alfalfa. After
2 yrs incubation in the variously treated plots planted with fall rye
there were no significant differences in wt loss of the filters
amongst the four treatments. In the fall rye plots, % wt remaining
in the untreated plots was significantly less after 24 mo incubation
than after 12 mo incubation; this was not the case for the treated
plots where no significant differences in wt loss were observed
between the two sampling times. In plots planted with rambler
alfalfa, there was a significant decrease in % dwt filter remaining
between 12 mo and 24 mo incubation regardless of amendment (Table
44). Over the short term (12 mo) filters in the sewage sludge and
topsoil treated plots tended to degrade more rapidly if the plots had
been planted with fall rye rather than rambler alfalfa, but after 24
mo incubation no differences were measured between the two vegetation
types.

In contrast to the filter paper, fir wood dowel
demonstrated negligible wt loss over the 24 mo incubation regardless
of treatment or vegetation type (Table 45).

Changes in the decomposition potential over time of the
variously amended spoil were tested by measuring wt loss of filters
placed in the plots 4 mo and 28 mo after planting fall rye. The
results obtained are presented in Table 46 and Fig. 13 and show that
the decomposition potential of the gypsum and sewage sludge treated
and untreated spoil had not changed significantly over time, i.e. the
growth of fall rye had not improved the decomposing ability of the
spoil over the 40 mo term of the study. Filters placed in the
topsoil treated plots lost less wt when placed in the plots 28 mo
after planting than 4 mo after planting fall rye. Four mo after
planting fall rye, the decomposition potential of the topsoil and
sludge treated soil was significantly greater than that of the



Table 44. Cellulose filter paper decomposition (expressed as % wt remaining) in amended
grassland spoil planted with fall rye and rambler alfalfal. Filters were placed
in the field 4 mo after planting.

Plant type Time in Amendment Time
the field (mo) Control Gypsum Sewage sludge Topsoil X
Fall rye 12 89.1P 87.1b 53.6aD 21.28
24 26.62 44 .13b 27.72 20.32
Rambler alfalfa 12 99,2 85.3 2.5 58.1 81.32
24 73.0 34.3 28.2 13.5 37.3P
Amendment X 86.1C 59.8b 55.43b 35.88

1pata analyzed by two-way ANOVA (MSE = 163.9 and 160.0 for fall rye and rambler alfalfa
respectively). A significant interaction was observed for the fall rye data, hence Scheffé
multiple contrasts for pairwise comparisons were applied to individual means. Values followed
by the same letter(s) do not differ significantly (p < 0.05). Scheffe multiple contrasts for
pairwise comparisons were applied to rambler alfalfa time and amendment means since no
interaction was observed for this data set. Values in the time X column or amendment X row
followed by the same letter(s) do not differ significantly (p < 0.05).

L6



Tahble 45. The % wt remaining of fir wood dowel placed in amended grassland spoil plots 4 mo

after planting with fall rye and rambler alfalfa.

Plant type Time in Amendment Time
the field (mo) Control Gypsum Sewage sludge Topsoil X
Fall rye 12 99.9 100 99.7 100 99.9
24 100 100 99.9 99.8 99.9
Amendment X 99.95 100 99.8 99.9
Rambler alfalfa 12 99.8 100 100 100 99.9
24 100 100 100 99.9 99.95
Amendment X 99.9 100 100 99.95

86
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Table 46. The % wt remaining of cellulose filter paper incubated for
12 mo in amended grassland spoil plots planted with fall
rye. Filters were placed in the plots 4 mo and 28 mo
after plantingl.

Time after Amendment
planting (mo) Control Gypsum Sewage sludge Topsoil
4 89C g7bc 53ab 212
28 89C 75bC g7bc 79bc

Ipata analyzed by two-way ANOVA (MSE = 266.97) and Scheffé multiple
contrasts for pairwise comparisons. Values followed by the same
letter(s) do not differ significantly (p < 0.05).
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control soil; however, 28 mo after planting, no significant
differences in decomposition potential were detected amongst any of
the treatments.

In contrast to the results obtained for the amended spoil
planted with fall rye, decay of filter papers in plots planted with
rambler alfalfa was faster 28 mo after planting than 4 mo after
planting (Table 47). This was particularly true for the sewage
sludge and topsoil treated plots, where filters decayed more rapidly
than in the gypsum treated and untreated plots.

3.2.2.5 Symbiotic Ny fixation. Data on the Np (CpHp) fixed

by rambler alfalfa over the term of the study are presented in Table
48. Amendation did not significantly influence the amount of N>
fixed by plants removed from the plots at each of the three sampling
times, but measurements were highly variable particularly for plants
from the sewage sludge and gypsum amended spoil. There did not
appear to be any relation- ship between nodule wt and N> fixing
capacity for alfalfa tested 14 mo after planting. At this time
nodule morphology also varied amongst the treatments with roots from
the topsoil treatment bearing numerous small (1 mm dia. or less) pink
(indicating presence of leghaemoglobin) nodules and roots from the
control, sewage sludge and gypsum treatments having large (up to 5-7
mm dia.) pink clumps of nodules. Although the effect of time on the
Np fixing capacity of the alfalfa was not tested (since the plants
may not have been in the same physiological condition after each of
the three growing seasons), it appeared that N» fixation activity
was greatest for plants collected at the conclusion of the second

growing season (14 mo).

3.2.3. Subalpine Minespoil - Effects of Amendation and Plant
Growth on Microbial Development

3.2.3.1 Microbial characteristics 0.5 mo and 15 mo after amendation
and planting. The ATP levels in the subalpine spoil immediately
after amendation were, 1ike those in the grasslands spoil, highly
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Table 47. The % dry wt remainina of cellulose filter paper after 12
mo incubation in grassland spoil plots planted with
rambler alfalfa. Filters were placed in the plots at 4 mo
and 28 mo after plantinal.

Time after Amendment Time

planting (mo) Control  Gypsum  Sewacge sludge Topsoil X
4 100 91 87 58 ggb
28 95 91 50 45 748

Amendment X 9eb 91P 702 523

lpata analyzed by 2-way ANOVA (MSE = .258) after 2 arcsin vp
transformation. No interaction was observed, hence Scheffé multiple
contrasts for pairwise comparisons were applied to time and treatment
means. Values in the time X column or amendment X row followed by
the same letter do not differ significantly (p 5_0.05). Means are
geometric.



Table 48. N> (CpHp) fixation capacity (nmoles g-1 dry root hr-1) and nodule
weight (mg dry sample-l) of rambler alfalfa planted in arassland spoil tank

p]otsl.
Time after plantina

Treatment 3 mo 14 mo 26 mo

N2 fixed Nodule wt N2 fixed Nodule wt N2 fixed
Control 37.12 52 149 .52 9 1.72
Gypsum 155.02 46 859.32 19 9.92
Sewage Sludge 6.5 30 1263.3a 5 4.12
Topsoil 103.82 41 93.7a 39 15.449
MSE 9656.81 4,11 87.47

€0l

lpata for each samplina time were analyzed usina a one-way ANOVA after 1In (y + 1)
transformation. Values in each column followed by the same letter do not differ significantly
(p < 0.05).
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variable (Table 49). The sewage sludge treated spoil tended to have
the highest ATP level while the untreated spoil had the lowest.

Both in the 0-5 cm and 5-15 cm deep subalpine spoil the
bacteria were most numerous in plots treated with sewage sludge
(Table 50). Bacterial numbers in the surface soil 0.5 and 15 mo
after amendation were not significantly different; however, in the
subsurface soil bacterial numbers were greater 15 mo after amendation
than 0.5 mo after amendation.

Immediately after application of the amendments (0.5 mo),
the number of actinomycetes in the surface soil was significantly
higher in the peat treated plots than in the other treatments (Table
51). However, 15 mo after treatment and planting slender wheatgrass,
actinomycetes in the 0-5 cm peat had decreased significantly, while
those in the sewage sludge treated spoil had increased. Actinomycetes
in the 5-15 cm spoil tended to be greater in the fertilized spoil
than in the other treatments; also numbers increased from 0.5 to 15
mo after amendation at this depth (Table 51).

Total hyphal lengths at both sampling depths were also
greatest in the peat amended spoil (Tables 52 and 53). No
differences in total lengths were detected between the two sampling
times, regardless of treatment. As for the total hyphal length,
mycelium with cell contents in the 0-5 cm deep soil was longest in
the peat; this was not the case in the subsurface soil where
treatment did not significantly influence hyphal lengths with cell .
contents. Clamped hyphae were detected in all treatments at both
depths indicating the presence of the basidiomycete group of fungi
throughout the soil.

3.2.3.2 Microbial development in amended, unvegetated minespoil.
The % loss on ignition of samples from the amended, unvegetated
pathways along the tank walls was measured 0.5 and 27 mo after
amendation. As expected, the surface soil of the peat treated plots
had the highest level of organic matter (Table 54). Loss on ignition
in the 5-15 cm soil was not affected by treatment. Also, the organic
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Table 49. ATP levels in subalpine spoil 0.5 mo after amendation.
Values are X + SD.

Amendment Soil depth (cm)  ATP (ug 100 g-1 dry soil)
Control 0-5 10 + .17

5-15 A7 + .29
Fertilizer 0-5 A7 + .29

5-15 3.26 + 5.66
Sewage sludge 0-5 24.40 + 21.76

5-15 9.17 + 15.62
Peat 0-5 5.3 + 9.01

15-25 0




Table 50. Effect of amendation and time on bacterial numbers in subalpine spoil tank plotsl.
Plots were planted with slender wheatqrass.

No. of bacteria x 107 g‘l dwt soil

Amendment Depth Time after amendation (mo) Amendment
(cm) 0.5 15 X

Control 0-5 13.77 16.19 14.933

Fertilizer 12.67 20.89 16.273

Sewage Sludge 304.87 155.28 217.58¢

Peat 41.15 33.91 37.36b

Time X 38.463 36.53a =
(o))

Control 5-15 11.50 16.32 13.702

Fertilizer 9.14 18.71 13.084

Sewage Sludae 32.66 44.42 38.09b

Peat 15-25 5.79 17.52 10.072

Time X 11.872 22.08b

1pata analyzed by a two-way ANOVA (MSE = .132 and .306 for 0-5 cm and 5-15 cm depths
respectively) after 1In Y transformation. Values in the amendment X column or time X row
followed by the same letter do not differ significantly (p < 0.05). A1l values are geometric.



Table 51. Effect of amendation and time on actinomycete numbers in subalpine spoil tank

p1otsl. Plots were planted with slender wheatgrass.

No. of actinomycetes x 104 a-1 dwt soil

Amendment Depth Time after amendation (mo) Amendment
(cm) 0.5 15 X

Control 0-5 19.86ab 175.85b¢C

Fertilizer 34.173bc 102.09abc

Sewage Sludge 13.392 334.36C

Peat A113.14d 238.48C

Control 5-15 38.66 73.73 53.39bcC
Fertilizer 36.03 139.42 70.87¢
Sewaqe Sludge 10.09 130.12 37.6423b
Peat 15-25 15.38 50.34 27.822
Time X 21.97a 90.58b

1pata analyzed by a two-way ANOVA (MSE = .485 and .307 for 0-5 cm and 5-15 cm depths
respectively) after 1n Y transformation.

A sianificant interaction was detected for the 0-5 cm

data, hence Scheffé multiple contrasts for pairwise comparisons were applied to all values.

Values followed by the same letter(s) do not differ significantly (p < 0.05).

For the 5-15 cm

data, values in the amendment X column or time X row followed by the same letter(s) do not

differ significantly (p < 0.05) as determined by Scheffe multiple contrasts for pairwise
comparisons. A1l values are geometric.

L0l
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Table 52. Hyphal lengths in 0-5 cm subalpine spoil before planting (0.5 mo) and after planting
slender wheatgrass (15 mo)l.

Hyphal category Sampling time Amendment Time
(m g'l dwt soil) (mo) Control Fertilizer Sewage Sludge Peat X
Total 0.5 2164 1473 1792 2459b
15.0 1592 2014 2354 1190b
Total with 0.5 42ab 132 272 348¢
cell contents 15.0 452b 59ab 3gab 161b¢
Total clamped 0.5 11 4 9 205 57.24
15.0 9 4 19 7 9.69
Amendment X 108 42 142 1062

g0l

1pata in each hyphal category were analyzed by a two-way ANOVA after 1n (Y + 1)

transformation (MSE = .065, .227 and 1.925 for total, tota