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Summary

The numbers of bacteria, fungi, and actinomycetes were determined
in the 0-4-inch and 4-8-inch layers in the spoil of coal strip-mining opera-

tions from nonvegetated, vegetated, and adjacent undisturbed soil in

West Virginia.

The numbers of bacteria, fungi, and actinomycetes were in most cases

significantly greater in the vegetated spoil than in nonvegetated spoil.

In general, the numbers of microorganisms were larger in the 4-8-inch

layer of nonvegetated spoil than in the 0-4-inch layer. In vegetated

spoil, whether revegetated with forage grasses and legumes, pine or black

locust, the 0-4-inch layer usually contained more microorganisms than

the 4-8-inch layer.

Spoil supporting vegetation usually contained numbers of bacteria,

fungi, and actinomycetes which approached, and in a few cases were

larger, than those of adjacent soil areas which had not been disturbed

by the stripping operations.

The numbers of certain physiological groups of bacteria, the am-

monifiers, denitrifiers, nitrifiers, cellulose-decomposers, sulfur-oxidizers

and Azotohacter, were determined in the 0-5-inch depth of the Canyon
and Arthurdale strip-mined areas.

No Azotohacter were found in any of the samples, even though one

spoil and one soil sample had a pH of 6.0 or above. The nitrifying

bacteria were not present in the Canyon nonvegetated and vegetated and

the Arthurdale nonvegetated samples.

The numbers of ammonifiers, denitrifiers, and cellulose-decomposers

were much larger in spoil with vegetation, and particularly with vegeta-

tion and surface litter, than in the nonvegetated spoil.

The numbers of sulfur-oxidizers determined in this study exhibited

no over-all definite trend, although in the Canyon area their numbers

decreased as the H-ion concentration decreased.

Twenty-two genera of fungi were identified, nine of which were

found only in the spoil and three only in the soil.





The Number of Bacteria, Fungi, and

Actinomycetes In Some Strip -Mine Spoil

H. A. WILSON and GWENDOLYN STEWART

IN

strip mining the overburden of soil and rock above a coal seam is

dumped to one side where it forms spoil banks consisting of a mixture

of broken rocks, shales, clays, coal fragments, sometimes pyrites, and
the original soil. Some spoils are acid, and others approach neutrality.

In West Virginia (14) spoil was originally classified into three

general types based on the prevailing hydrogen-ion concentration of the

spoil surface. Spoils of Class I are strongly acid, having a pH of less

than 5.5. Class II spoils, with a pH range of from 5.5 to 6.5 are termed

slightly acid. Class III consists of neutral and limy soils with a pH of

above 6.5.

Although the acidity of spoil areas may result in part from the

bacterial oxidation of pyritic materials (2, 4) associated with certain

coal seams, the microbiology of strip-mine spoil in general has been

neglected (15). Most investigations of spoil have been concerned chiefly

with means of revegetating spoil banks with forage grasses and legumes

or with their reforestation.

The purposes of the work reported here were to determine the

"total" numbers of bacteria, fungi, and actinomycetes in spoil, with and

without vegetative cover, and to compare these numbers with those in

near-by undisturbed soil; and to obtain an estimation of the various

physiological groups of bacteria present in spoil and to compare these

with the physiological groups in an undisturbed soil nearby.

Materials and Methods

Four strip-mined areas in West Virginia were included in this study.

Within each of these, samples could be obtained from both spoil devoid

of vegetation and from vegetated spoil. Samples of undisturbed and

apparently unmodified soil could be obtained nearby. Following is a

brief description of the areas:

Canyon: Located in Monongalia County and strip mined in 1943.

Following the stripping operations, the spoil was leveled and a portion

was limed, fertilized, and seeded to forage grasses and legumes by Tyner

and associates (11, 12).
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Pruntytown: Coal removal from this Taylor County area was com-

pleted in 1946, and the spoil was leveled in 1947. In 1948 part of the

area was fertilized and seeded to soybeans. The next year wheat was

sown as a nurse crop for grass and clover seed.

Arthurdale: Stripping operations probably took place on thts

Preston County area in 1943-44. In 1944 one portion was limed, fer-

tilized, and seeded to forage plants by Tyner, et al (12). Other portions

were planted to pine (Pinus sp.) and to black locust (Robinia pseudo-

acacia L.) by the Division of Forestry, West Virginia University, in 1945.

Neither lime nor fertilizer was applied to the reforested portions.

Kaufmann: The leveling of this small area in Marion County was

finished in 1947, after which it was seeded to lespedeza (Lespedeza stipu-

lacea Maxim). It is not known whether this area was ever limed or

fertilized.

Spoils have no profile development, so samples for total counts were

taken arbitrarily at depths of 0-4 inches and 4-8 inches. Total counts

of bacteria, fungi, and actinomycetes were made on composite samples,

each of which consisted of three smaller samples taken at random within

a given portion of an area and thoroughly mixed. Total counts were

made for two such samples from each section.

It is recognized that storage of soil samples, even under refrigeration,

for a few hours may lead to quantitative changes in the soil flora, and

that these changes may not be equal for different groups of microorgan-

isms. Consequently, all samples were immediately sieved at site of

collection in order to remove the rocks, coal, and such materials usually

associated with spoil. The samples were then brought to the laboratory

and plated the same day.

The numbers of bacteria, fungi, and actinomycetes were determined

by the usual dilution and plating techniques. Five plates were made

from each dilution. The plating medium for bacteria was sodium casein-

ate agar and for the actinomycetes a glycerol agar (5). Rose bengal agar

(9) was used for plating the fungi. The original soil:water dilution

(1:10) was shaken for five minutes and subsequent dilutions for three

minutes before plating. All shaking was done on a Precision equipoise

shaker.

The bacteria were usually counted after 5 days incubation; the fungi

after 3 days; and the actinomycetes after 10 days. Occasionally, the

plates were retained for somewhat longer periods than indicated and

recounted. These longer incubation times failed to change the total

counts. Incubation was at 25° ± 1° C.

The procedure followed for collecting the samples used in estimating

the most probable number (MPN) of bacteria of the physiological groups



was essentially the same as that for total counts with the exception that

samples were obtained from only one depth (0-5 inches). Suitable serial

dilutions were prepared from the duplicate samples, and five tubes were

inoculated from each dilution. Incubation was at 25° ± 1° C. The
results are given as the MPN of organisms per gram of spoil on an

oven-dry basis.

Numbers of ammonifying bacteria were estimated using Kappen's

urea broth (8) after 5 days incubation on the basis of odor and pH change.

Numbers of denitrifying bacteria were estimated in aspargine nitrate

broth (5). Tests were made for the presence of ammonium, nitrites and

nitrates after incubation for 14 days. The MPN of nitrifying bacteria

was determined on Winogradsky's ammonium sulfate medium (5). After

incubation for 30 days, tests were made for ammonium and nitrites.

Cellulose decomposing bacteria were estimated by inoculating an am-

monium sulfate-cellulose solution (5) and examining after incubation

for 30 days. Sulfur-oxidizing bacteria were estimated after 30 days incu-

bation in medium I (13) on the basis of turbidity and pH. Azotobacter

determinations were made on the surface of a benzoate-containing

medium (1) sprinkled with soil or spoil.

Samples from the different parts of each spoil area are designated

as follows: "nonvegetated" refers to samples from the bare spoil; "vege-

tated" to those from spoil supporting any type of vegetation, except

trees; "pine" to the samples from that portion of the Arthurdale spoil

planted to pines; "locust" to samples from the portion of the same area

planted to black locust; and "undisturbed" refers to the samples from

nonstripped soil located adjacent to the stripped areas and not directly

influenced by the stripping operations.

The "total" counts obtained were analyzed by the analysis of

variance.*

Results

The data obtained in these studies on the total counts of bacteria,

fungi, and actinomycetes in strip-mine spoils are presented in Tables 1

and 2. In Table 1 the total counts are given in actual numbers. In

Table 2 the same data are presented as logarithmic means upon which

the analysis of variance was determined. Also given in this table

are the LSD^j values for treatments and depths wherever significant

differences were found.

BACTERIA
Less bacteria per gram of spoil were found in the nonvegetated

spoils at both depths than in the corresponding depths of the vegetated

*The authors wish to thank Dr. W. D. Foster, formerly with the West Virginia University
Agricultural Experiment Station, for his assistance with the analysis of variance.



Table 1. Numbers (in Thousands) of Bacteria, Fungi, and Actino-

MYCETES Per Gram of Strip-Mine Spoil (Oven-dry Basis)

Spoil Aeeas
Microorganism Soil A

(P

CIDITY

AND Type Bacteria Fungi ACTIiMOMYCETES

0-4* 4-8 0-4 4-8 0-4 4-8 0-4 4-8

Canyon
Nonvegetated 6 26 8 10 1 5 3.28 3.40
Vegetated 1135 141 280 35 181 23 3.88 3.35

Undisturbed .-. 1354 805 49 23 1980 444 4.70 4.88
Pp.untytown

Nonvegetated 101 61 37 30 19 38 4.02 4.82

Vegetated 3050 111 360 26 220 154 3.78 3.14

Undisturbed ..- 4630 1920 395 59 4360 3270 6.52 6.78
Kaxifmann

Nonvegetated 12 38 133 29 140 9 3.46 3.70

Vegetated 21120 2274 181 39 4500 21360 6.95 7.00

Undisturbed -.. 5250 2220 252 56 2260 1130 5.22 4.98
Arthuedale

Nonvegetated 41 41 17 17 6 8 3.75 3.75

Vegetated 5840 3390 51 32 2410 367 6.00 5.30
Pines 583 281 79 25 274 121 4 72 4 62
Locust 1120 357 62 3 147 18 4.49 4.52

Undisturbed ... 11210 1296 213 32 2420 1520 5.30 5.70

*Depth in inches.

Table 2. Logarithmic Means of Numbers (in Thousands) of Bacteria,

Fungi, and Actinomycetes in Strip-Mine Spoil

Microorganism

Spoil Areas
and Type

Bacteria Fungi Actinomycetes

0-4* 4-8 0-4 4-8 0-4 4-8

Canyon
Nonvegetated 3.78 4.41

6.06 0.15

6.12 5.90

1.90

5.00 4.79

6.48 5.05

6.67 6.28

.89

1.27

4.08 4.58

7.32 6.36

6.72 6.35

1.37

4.61 4.61

6.77 6.53

5.77 5.45

6.05 5.55

7.05 6.11

.95

3.90 4.00

5.45 4.54

5.69 4.36

1.30

4.57 4.48

5.56 4.41

5.66 4.77

.72

1.01

5.12 4.46

5.26 4.59

5.40 4.75

.48

4.23 4.23

4.71 4.51

4.90 4.40

4.79 3.48

5.33 4.51

.20

.29

3 00 3 70
5 26 4 30

Undisturbed 6 30 5 65
Treatments L.S.D.,,^

Depths L.S.D.05

Pruntytown
Nonvegetated

1.14

4.28 4 58
Vegetated 5 34 5 19
Undisturbed ... 6 64 6 51

Treatments L.S.D.os

Depths L.S.D.05

Kaufmann
Nonvegetated

1.01

5,15 3 93
Vegetated 6.65 7.33

Undisturbed 6.35 6 05
Treatments L.S.D.05

Depths L.S.D.os

Arthuedale
Nonvegetated

Vegetated
Pine
Locust
Undisturbed

Treatments L.S.D.oo

Depths L.S.D.oo

1.39

3.78 3.90

6.38 5.56

5.44 5.08

5.17 4.26

6.38 6.18

.49

.69

'Depth in inches.



spoil on all areas. Differences were quite large, particularly in the 0-4-

inch depth.

The bacterial numbers in nonvegetated areas at 0-4 depth ranged

from a low of 6 thousand per gram in the Canyon spoil to a high of

101 thousand in the Pruntytown spoil. The numbers in the vegetated

spoils at the 0-4-inch depth ranged from 1,135 thousand in the Canyon
area to 21,120 thousand in the Kaufmann area.

In samples of nonvegetated spoil from the 4-8-inch depth the num-
bers of bacteria were lowest in the Canyon and Kaufmann areas and

highest in the Pruntytown area; 26 thousand, 28 thousand, and 61

thousand bacteria per gram of spoil respectively. The minimum number
found in vegetated spoil at 4-8-inch depth was 1 1 1 thousand for the

Pruntytown area, and the maximum was 3,390 thousand for the Arthur-

dale area.

The numbers of bacteria in the pine and locust spoils of the

Arthurdale area, though considerably larger than those found in non-

vegetated spoil, are much smaller than the numbers found in the vege-

tated spoil and the undisturbed soil in this area.

In no instance did the numbers of bacteria in the nonvegetated

spoil closely approach those in the undisturbed soil from the same area.

The numbers in vegetated spoil sometimes approached those in the

undisturbed soil from the same area and in other instances approximated

the numbers obtained for corresponding nonvegetated spoil.

Some statistically significant differences were found between the

numbers of bacteria in nonvegetated, vegetated, and undisturbed samples

in all spoil areas. Significant differences between depths were found only

in the Pruntytown areas (Table 2).

FUNGI

The numbers of fungi in all the vegetated spoil samples, at both

depths, are larger than those in the nonvegetated spoil, except in the

4-8-inch depth of the Pruntytown area. Less than 50 thousand fungus

colonies per gram developed from all nonvegetated spoil samples except

for the Kaufmann area in the 0-4-inch depth. All the vegetated spoils

contained more than 50 thousand per gram in the 0-4-inch layer and

less than that in the 4-8-inch layer.

The pine spoil of the Arthurdale area contained more fungi at both

depths than the locust spoil, whereas more bacteria were found in the

latter. The numbers of fungi in these reforested spoils in the 0-4-inch

depth were about the same as in the vegetated spoil and much smaller

than that of the undisturbed soil of the area. On the other hand, the

4-8-inch depth of the vegetated, pine, and undisturbed spoil were nearly
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equal, but that of the locust spoil was even smaller than the number in

nonvegetated spoil.

The differences associated with treatments between the numbers of

fungi in the various types of spoil are significant except in the Kaufmann
area. Differences associated with depth are significant in all except the

Canyon area.

ACTINOMYCETES
The vegetated spoil of all areas, at both depths, contained more

actinomycetes than did the nonvegetated spoil. Except for the extremely

large number of actinomycetes (2,360 thousand) found in the Kaufmann
vegetated 4-8-inch depth, more actinomycetes were found in the 0-4-inch

than in the 4-8-inch layer. The numbers ranged from 1 thousand to 140

thousand in the 0-4-inch depth, and from 5 thousand to 367 thousand in

the 4-8-inch depth in the nonvegetated spoils. Comparable numbers for

the vegetated spoils were 181 thousand to 4,500 thousand and 23 thousand

to more than 21,000 thousand. The latter number is larger than usually

found for actinomycetes and can be attributed either to an error in

sampling or laboratory technique.

Like the fungi, larger numbers of actinomycetes were found in both

layers of the Arthurdale pine spoil than in the locust portion of the area.

The undisturbed soils, except that of the Kaufmann area, contained

more actinomycetes than the corresponding spoils.

The differences associated with treatments in numbers of actinomy-

cetes in the various spoil and soil samples were significant in all areas.

The only significant difference associated with depth in number of

actinomycetes was in the Arthurdale area.

PHYSIOLOGICAL GROUPS
Two spoil areas. Canyon and Arthurdale, were selected to determine

the MPN of certain physiological groups of bacteria. These areas were

chosen because of their availability, known history, and the pine and

black locust plantings in the Arthurdale area. The physiological groups

determined were the ammonifiers, nitrifiers, denitrifiers, cellulose-decom-

posers, sulfur-oxidizers, and Azotobacter. In addition, platings into rose

bengal agar were made from the same dilutions used for the physiological

groups and the fungi which developed were identified to the genus. The
results obtained for the different physiological groups are shown in

Table 3, and the fungi found are listed in Table 4.

The low pH values of the nonvegetated samples of both the Canyon

and Arthurdale spoil areas are reflected in the low MPN's of all bacteria

determined, except the sulfur-oxidizers. The complete absence of nitri-

fiers and Azotobacter would be expected at such low pH values.

10
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Table 4. Genera of Fungi Found in Two Strip-Mine Spoil Areasj

Spoil Areas

Canyon Aethurdale
Total

NON-
VEGE-
TATED

Vege-
tated

Undis-
turbed

NON-
VEGE-
tated

Vege-
tated

*

*

*

*

*

Pine Locust

*

*

*

*

*

*

Undis-
turbed

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Altemaria . . \

Aspergillus 7

2Beauveria

Chalara 1

Cladosporium 2
Cunninghamella
Epicoccum

7

1

Fusarium 2
GUocladium 3
Helminthosporium .

Isaria
3

1
Melanospora 1
Mucor 1
Myrotheciuin .... 2

Penicillium 4
Spicaria 2
Stemphilium
Stilbella

1

1

Triclioderma 8
Verticillium ... 2

Zyfforrhynchus 3

*Denotes presence ; no marking denotes the fungus was not found.

tThe authors wish to thanlt Dr. H. L. Barnett for the identification of the fungi.

Although the Canyon vegetated sample had a higher pH value than

the nonvegetated one, it was nevertheless, strongly acid. The MPN
of the various physiological groups of bacteria, however, were all somewhat

greater in the vegetated sample than in the nonvegetated one, except for

the nitrifiers, Azotobacter and the sulfur-oxidizers. Neither nitrifiers noi

Azotobacter were found in the Canyon spoil. The MPN of the sulfur-

oxidizers in the vegetated sample of the Canyon spoil was extremely

small as compared to the number in the nonvegetated sample. However,

the reverse was true in the Arthurdale spoil. The explanation for this

probably lies in the unequal distribution of the pyritic material in spoil,

since the sulfur-oxidizers are apparently associated with such sulfur-

bearing materials.

Except for the number of denitrifiers and sulfur-oxidizers, the MPN
of the physiological groups found in the pine sample was nearer to those

found in the nonvegetated than any of the other samples. On the other

hand, the locust spoil with a pH value the same as the pine spoil con-

tained more ammonifiers, nitrifiers, and cellulose-decomposers than the

pine spoil. The undisturbed soil of the Arthurdale area contained fewer

cellulose-decomposers than the vegetated spoil, but more denitrifiers and

nitrifiers.

12



The fungi identified on the rose bengal agar belonged to 22 different

genera (Table 4). The genus Trichoderma was found in all eight

samples, and the genera Aspergillus and Cunninghamella in each of

seven samples. All the other genera were found in four or fewer of the

samples.

Discussion

Regardless of the pH of the spoil, if vegetation is present, the numbers
of bacteria, fungi, and actinomycetes are usually greater than in an
adjacent portion devoid of vegetation. These numerical differences are,

in most cases, statistically significant. The addition of lime and fertilizer

to the spoil, followed by seeding to forage grasses and legumes, has great

influence upon the numbers of microorganisms after the vegetation has

become established. This is true even though the spoil later gradually

becomes medium to strongly acid.

The numbers of bacteria and fungi in spoil supporting growth of

forage grasses and legumes exhibit a tendency to approach those of

adjacent undisturbed soils. This is especially true of the 0-4-inch depth.

This same tendency, however, is not reflected as strongly by the numbers

of actinomycetes. It is known (13) that the majority of soil actinomycetes

fail to grow below a pH of 4.8 to 5.0, although some will tolerate acid

conditions of pH 3.0 to 4.0. For example, the pH values of the Canyon
and Pruntytown vegetated spoils are lower than their corresponding

undisturbed soils and the numbers of actinomycetes are considerably

less, but in the vegetated spoils of the Kaufmann and Arthurdale areas,

the pH values and numbers of actinomycetes are greater or close to those

of corresponding undisturbed soil.

Another similarity of the vegetated spoil to undisturbed soil, as far

as numbers of organisms are concerned, is evident when the microbial

densities at the two depths are compared. The general trend is for

larger numbers of bacteria, fungi, and actinomycetes to the found in the

0-4-inch depth than in the 4-8-inch depth. In nonvegetated spoils at

the Canyon and Kaufmann areas, however, the numbers of bacteria were

greater in the 4-8-inch depth than at 0-4 inches. Numbers at the two

depths were equal in the Arthurdale area but smaller in the Pruntytown

area. The difference, however, was usually not significant. A similar

trend was exhibited by the actinomycetes, but the numbers of fungi were

nearly equal in both depths, excepting at the Kaufmann area where

the number in the 4-8-inch depth was much smaller. The reason for

these differences is not entirely clear because of overlapping factors

often present on the surface of nonvegetated spoil, such as high tempera-

tures, dryness, and sunlight. Stiver (10) found in Indiana that the tem-

13



perature at the surface of bare soil reached 124° F. for a two-hour period

during the day in midsummer, but at the 6-incti depth the maximum
temperature was 103° F.

The numbers of bacteria found in the spoil from the black locust

planting were greater at both depths than those found in the adjacent

pine-planted spoil. This difference is no doubt partially the result of

better temperature conditions under the locust litter. A midday surface

temperature of 123° F. (June 21, 1944) was recorded by Chapman (3) on
bare spoil in Ohio, but the temperature was only 85° F. just beneath

the litter in a locust planting. In general, the numbers of microorgan-

isms have increased according to the amount of surface cover, either

vegetative or litter, from a light to no cover on the nonvegetated to a

heavy on the undisturbed soil.

The low pH values of most of the samples would likely prohibit

the occurrence of Azotobacter. None was found. A test was made for

this organism, because it has been found in approximately one-third of

all samples collected in an Azotobacter survey (6) made in the northern

portion of the State and has been found once before in a sample from

undisturbed soil at the Arthurdale area.

It may be concluded that the numbers of bacteria, fungi, and actino-

mycetes in spoil that has been limed, fertilized, and seeded to forage

grasses and legumes will finally approach, or even equal, the numbers

found in adjacent undisturbed soil.

The numbers of ammonifiers, denitrifiers, nitrifiers, and cellulose-

decomposers are greater in spoil with vegetation than in nonvegetated

spoil. The numbers of sulfur-oxidizers fluctuate somewhat, but in general,

decrease with an increase in vegetation on these soils. Their abundance,

however, is more likely to be more closely associated with the presence of

sulfur-bearing materials in the soil.

Although no nitrifiers were found in the nonvegetated spoil from

either the Canyon or Arthurdale areas, it is believed that they are

present in extremely small numbers. In a recent investigation on the

ammonifying power of Canyon spoil (15), it was found that the nitrifica-

tion process did take place in nonvegetated spoil, if Ca (OH), was added

to neutralize the acidity of the spoil sample.

Inasmuch as fungi usually are more tolerant of acid conditions than

either bacteria or actinomycetes, the isolation of 22 different genera is

perhaps not surprising. Of these genera, nine were found in spoil but

not in the soil, and three were found only in the soil. No doubt, a

more detailed investigation of strip-mine spoil for fungi would result

in more than 22 genera being found. However, these results indicate

that spoils such as these, even though strongly acid, harbor numerous

fungi.
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