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Abstract:
Soil samples were collected from six study plots at Colstrip, Montana during July 1976. Three of these
plots were native range plots and the other three were spoils which resulted from the disturbance
caused by coal strip mining. Samples were collected in triplicate using a soil corer, air-dried, and
blended. Measurements were made of adenosine triphosphate (ATP) concentrations, respiratory
activity, phosphatase activity, pectinolyase activity, and pectinolytic plate counts.

Correlations were performed to relate the measurements of ATP concentrations to sample depth, and to
compare native range soils to spoils. ATP concentrations varied with soil sample depth, having
concentrations greatest in the surface depths and lowest in the deepest depths. Native range soils
contained higher concentrations of ATP than did the spoils. Native range soils were significantly
different from spoils not only in the amount of ATP they contained, but also by the pattern of ATP
distribution found in the twelve inch soil column. Therefore, by comparing ATP measurements it was
possible to differentiate the two soil systems.

Correlations were also performed to compare all five measurements.

The only significant correlations found were those of ATP concentrations with respiratory activities,
and ATP concentrations with the total of all the other four measurements.

It was concluded that respiration, phosphatase, pectinolyase, and pectinolytic plate counts measured
different segments of the total soil microbial activity, since none of these correlated with one another;
and, that ATP measurements quantified total microbial activity because of the correlation of ATP with
the total of these four parameters. 
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ABSTRACT

Soil samples were collected from six study plots at Colstrip, 
Montana during July 1976. Three of these plots were native range 
plots and the other three were spoils which resulted from the dis
turbance caused by coal strip mining. Samples were collected in 
triplicate using a soil corer, air-dried, and blended. Measurements 
were made of adenosine triphosphate (ATP) concentrations, respiratory 
activity, phosphatase activity, pectinolyase activity, and pectin- 
olytic plate counts.

Correlations were performed to relate the measurements of ATP 
concentrations to sample depth, and to compare native range soils 
to spoils. ATP concentrations varied with soil sample depth, having 
concentrations greatest in the surface depths and lowest in the 
deepest depths. Native range soils contained higher concentrations 
of ATP than did the spoils. Native range soils were significantly 
different from spoils not only in the amount of ATP they contained, 
but also by the pattern of ATP distribution found in the twelve 
inch soil column. Therefore, by comparing ATP measurements it was 
possible to differentiate the two soil systems.

Correlations were also performed to compare all five measure
ments. The only significant correlations found were those of ATP 
concentrations with respiratory activities, and ATP concentrations 
with the total of all the other four measurements.

It was concluded that respiration, phosphatase, pectinolyase, 
and pectinolytic plate counts measured different segments of the 
total soil microbial activity, since none of these correlated with - 
one another; and, that ATP measurements quantified total microbial 
activity because of the correlation of ATP with the total of these 
four parameters.



INTRODUCTION

Replaced overburden of a strip mine is not a soil in the true 
sense of the word; for there exists no horizonal development, no 
A, B, or C horizons, but rather the parent material from which a 
soil will eventually arise. This study is centered around the role 
of microorganisms in the soil forming process.

Soil is a matrix of colloidal systems, a major portion of which 
is clay particles. Due to ionic substitutions within its various 
layers, the clay particle, has a net negative charge. Cations in the 

surrounding medium are attracted by this potential, forming a diffuse 

ionic atmosphere around each particle. Flocculation occurs when two 
clay particles come close enough together (due to the diffuse ionic 
atmosphere) that they adhere to one another, acting as one. When 

these flocks bind to one another, soil aggregates are formed. Aggre
gates affect such things as water movement, soil porosity, plant 

seedling emergence and root penetration. Thus aggregation is related 

to soil genesis and productivity.
The major factor responsible for the stabilization of soil 

aggregates is organic matter. However, organic matter itself with

out biological transformation has little if any effect on soil struc

ture. Microbial activity, taking place after the incorporation of 
organic materials into the soil, results in the production of stable



2

soil aggregates. This stability is the .result of the mechanical 
binding action of the cells, or filaments, of the organisms, and 
the cementation effects of the products of microbial synthesis and 
decomposition. Thus, in regard to soil aggregation, microorganisms 
play an essential role in the soil forming process, and this, when 
coupled with their importance in nutrient and elemental cycling, 
makes their activity in soil worthy of study.

"Spoils" are defined as the total overburden of a strip mine 

including all soil layers. Of these layers, only the topsoil is 
usually .handled separately and replaced on the surface. Initially, 
the redeposited spoils' surface would have no horizonal development, 
and one would expect to find relatively low levels of microbial 
activity. As spoils progress to a state supporting plant life, the 
level of microbial activity can be expected to change. Hence, the 

monitoring of microbial activity at a spoils' surface may be one 

index of soil genesis itself.

Microbial activity has been measured in a number of ways. 

■Originally, the activity was determined by enumerating the bacteria, 

actinomycetes, and fungi present in a soil sample. Later, the use 
of selective media, based upon the physiological requirements of the 
organism, was popularized by Winogradsky and Beijerinck. Such a 

technique was useful for isolating nutritionally Or physiologically 

related microorganisms, and since has been further developed.



3
In the strictest sense, however, microbial activity can be 

measured only in metabolic terms, e.g., oxygen uptake, carbon dioxide 
evolution, enzyme activity, or heat evolution. Unfortunately such 
measurements do not usually allow one to estimate the total bacterial 
population. Also, when using these methods separately it is difficult 
to segregate the relative contributions of the different living 
components of soil (e.g., bacteria, fungi, animals, and plant roots) 
to the total activity. However, the shortcomings of metabolic 
measurements are minimized when considering the goal of this particu
lar research problem, which is to measure total activity as related 
to soil stability and genesis, and not to measure the individual 

contributions of each of the microbial component populations. Hence, 
a population function study would be more useful than a specific 
population analysis.

One of the earliest and still widely uspd methods of determining 

soil microbial activity is respiration. The application of this 

technique permits measurements either of uptake or CO^ production 
by soil samples over short periods of time as well as over long 
experimental periods. The respiratory intensity of soil enables 

one to characterize the general biological activity of soil.

The study of enzymatic activity of soil makes it possible to 
better understand the dynamics of substrate assimilation in soil.
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A wide range of enzymes in the soil has been studied, including 
saccharase, invertase, maltase, amylase, xylanase, catalase, glycero- 
phosphatase, dehydrogenase, urease, phosphatase, and pectinolyase.
The analysis of each provides insight into a particular enzymatic 
parameter of a soil sample. The choice of enzymatic experiments 
depends on the needs of a particular research problem. Some 
researchers (Katznel1 son and Yershov, 1958; Machtahov, Kulakovskaya 
and Gol'dina, 1954) have found a direct relationship among enzyme 
activity, oxygen uptake (or respiration), and numbers of micro
organisms; and, consider that these indices can convey an impression 

of soil fertility.
Perhaps one of the most commonly used methods of determining 

numbers of microorganisms in a soil sample is the dilution plate 

method, which relies upon the primary assumption that each viable 

microorganism present in soil develops into a visible colony following 

inoculation of a soil suspension into the agar medium and incubation. 

However, it is well known that plating yields only 1-10% of those 
organisms originally present. This failure to grow, can be attributed 
to such things as incorrect substrate, improper incubation, injured 

bacterial cells, antagonism among organisms, adherence of bacterial 
cells to soil particles and the cohesion of cells in colonies. Also,
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it is generally accepted that most soil bacteria have a low metabolic 
rate and that their nutritional requirements are poorly understood.

Recently there has been much interest concerning the measurement 
of the high energy, energy transfer molecule adenosine triphosphate 
(ATP) as a means of indexing microbial activity. All living systems 
possess known amounts of ATP and upon analysis one molecule of ATP, 
when combined with a specific enzyme system, will yield one photon 

of light. It is therefore possible to quantify living systems by 
ATP analysis. ATP measurements do not discern the relative contribu

tions made by individual populations of the community. However, by 

combining ATP analysis with the more classical approaches previously 

discussed, a very good understanding of the microbial activity present 
in a particular soil should be possible.

Statement of Purpose

The purpose of the present research is to combine adenosine 
triphosphate and enzymatic measurements to determine the microbial 
activity of spoils. The specific aspects of this study involve:

(1) standardization of ATP extraction and measurement procedures;

(2) measurements of ATP concentrations in spoils; (3) an examination 
of the respiratory activity of the spoils, microbial extracellular 

phosphatase enzymatic activity, the extracellular pectinolytic 

enzymatic activity and a plating technique for the enumeration of
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pectinolytic organisms; and (4) correlation of ATP and'the above 
listed enzymatic measurements to determine the factors causing 
variances in Stewart’s (1975) study, to better ascertain the 
microbial activity of spoils.



DESCRIPTION OF STUDY SITE

The study area as described by Sindelar et at. (1973) , is 

located in southeastern Montana at Colstrip.. Western Energy Company"?
and Peabody Coal Company have active coal, mines in this area, dis- >■ i
turbing approximately 300 acres of rangeland annually while producing! 
nearly 10 million tons of sub-bituminous coal.^Southeastern Montana j 
is part of the Missouri Plateau, an unglaciated region of the 
Northern Great Plains in the Midland physiographic area of Montana. 

Geologic materials are primarily Cenozoic sedimentary rocks with 

some colluvium laid down in the quaternary period.
Most of the Colstrip study area is characterized by valleys

and rolling hills strongly dissected by intermittent stream channels
' ■ ■■and scattered with sandstone outcroppings. Soils in the study area

are formedjDnj^akly^onsolidated sandstone and siltstone, stratified 

sands, and residuum and colluvium from sandstone, clay and silt 

shales, and siltstone. Soil development Is often limited to a weak 
accumulation of organic matter to form thin A horizons. Residuum 

from shale or other salty materials often combines with the dry 
climate and impeded soil drainage to produce saline and alkaline 

soils with pH from 7.9 to 8.3. These soils, when coupled'with 

climatic factors, restrict vegetation to adapted drought and/or 

saline-alkali tolerant species.
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Climax vegetation of the Colstrip study area is primarily 
mixed-prairie grassland characterized by mid and short-grass 
species interspersed with scattered sagebrush and other drought 
tolerant shrubs on severe or overgrazed sites. Ponderosa pine 
frequently occurs on sandstone outcroppings, at higher elevations 
or on north facing slopes. The vegetative cover is a prime 
natural renewable resource upon which a sound agricultural industry 
has developed over the years. Average annual precipitation at 

Colstrip is 15 inches, most of which occurs as rain from April 
through July. About 30 percent of annual precipitation occurs 

as snow. The average frost free period is approximately 120-125 
days. July is generally the warmest month, and summers are hot, 

dry and windy with extreme potential evaporation rates.



MATERIALS AND METHODS'

Sampling
.,Samples were collected from six sample plots consisting of 

three spoils plots and three native range plots (Table I) on 
31 July 1976. Three 2 inch by 2 inch cores were removed, using 
a soil corer, from each of these plots. Cores were divided into 
three 4 inch long sections, placed in individual plastic bags, 
labeled either surface, mid-depth or bottom, depending upon 
their respective position in the original core, then frozen 

immediately and returned to the lab for analysis.

Calibration of the Biometer
Biometric calibration followed the method as prescribed by 

the instruction manual for the DuPont 760 Luminescence Biometer 
(Wilmington, DB). Initial attempts at calibration using known 

ATP concentrations gave unacceptably high variances in readout 
values. Therefore, possible sources of variation were investigated 
The luciferin-luciferase solution (DuPont) was cloudy due to 
suspended firefly fragments but filtering did not reduce readout 

variance.
A comparison of readouts using variously aged luciferin- 

luciferase preparations was performed to determine if holding time 

affected readout values. Enzyme preparations were injected into



Table I. Six study plots and their descriptions.

Plot Description

BN Native soil; mixed prairie grassland, not grazed for 
some time (7-8 years), range condition good to very 
good, dominant species are Agropyron smithi-i, Stipa 
comata; total biomass production/year ranges between 
900-1200 kg/ha; no treatment; no fertilization; no 
complete description of soils available as yet.

Native Range Fertilized 
(NRF)

Native soil; mixed prairie grassland, not grazed in 
the past 5 years, range condition fair to good, 
dominant species are Agropyron smithii, Stipa comata, 
Koeteria cristata and Gutierrezia sarothrae; total 
above ground production/year ranges between 2611- 
3365 kg/ha; no treatment; fertilized in spring - 
80 Ibs/A Nitrogen, 100 Ibs/A Phosphorus; soils deep 
and silty, mean bulk density 1.42.

Native Range Unfertilized 
(NRU)

Native soil; mixed prairie grassland, not grazed in 
the past 5 years, range condition fair to good, 
dominant species are Agropyron smithii, Stipa comata, 
Koeleria cristata and Gutierrezia sarothrae', total 
above ground production/year ranges between 1449- 
1589 kg/ha; no treatment; no fertilization; soils 

- deep and silty, mean bulk density 1.42.



Table I. (continued)

Plot Description

Demo Spoils; seeded to introduced perennial grasses and forbes, 
major species are Agvopyron Oristatumi Daotylts glomerata, 
Trttioum aestivum, Melilotus Offioinalist Onobryohis 
vioiaefolia; total above ground production/year ranges 
between 1731-2200 kg/ha; shaped and topsoiled spoils; . 
fertilized in spring - 76 Ibs/A Nitrogen, 50 Ibs/A Phos
phorus; topsoiled spoils; mean bulk density 1.61-1.78.

Gouge Spoils; seeded to native and introduced grasses, forbes 
and shrubs, major species are Agropyron dasystaohyam, 
Agropyron elongatum, Agropyron siberioum, Agropyron 
Smithiit Astragalus oioer, Atriplex oanesoenst Bromus 
inermist Melilotus offioinalis, Oryzopsis hymenoides; 
total above ground production/year ranges between 3524- 
4376; untopsoiled, shaped spoils which were mechanically 
gouged; fertilized in autumn - 150 Ibs/A Nitrogen, 100 
Ibs/A Phosphorus and 50 Ibs/A Potassium; untopsoiled 
spoils, mean bulk density 1.66.

Topsoil Gradient 
(TSG)

Spoils; seeded to introduced grasses and forbes, major 
species are Bromus inermis, Atriplex oanesoens; total 
above ground production/year ranges between 2297-2563; 
topsoiled spoils reshaped to slope gradients of 4:1, 
3:1 and 2.5:1; fertilized in spring - 40 Ibs/A Nitro
gen and 20 Ibs/A Phosphorus; topsoiled spoils, mean 
bulk density 1.45.
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the Blometer immediately following preparation, 15 minutes following 
preparation (incubated at room temperature), and 24 hours after 

preparation (incubated at 4.C). increased holding time resulted 
in a larger readout value, and also a greater variance (Table 2). 
Thus, although beneficial with respect to greater readout values, 
increasing the holding time was undesirable in terms of readout 
value variance. In compromise, it was determined that holding 
luciferin-luciferase for 15 minutes after preparation at room 
temperature would give optimal results.

8When the Biometer was standardized at 1.0 x 10 fg/ml, water
5blanks yielded very low readout values (y = 0.11 x 10 fg/ml).

Thus, background counts contributed very little to total readout - 

value, and to readout variance.
; Doubling the injection volume of a standard ATP solution (20 pi 

instead of 10 pi) resulted in a ten fold decrease in the percent 
error by weight, and a noticeable reduction in readout variance 

(Tables 3 and 4). Operating procedure required that three consecu
tive readout values, with a total variance of less than 0.15, be 
achieved. Based on the above values, 20 pi injections were employed 
in all subsequent ATP analyses.
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Table 2. ATP concentrations (fg ATP/ml) at three different holding 
times.

Immediate
Time 
15 Min. <rCM Hr.

3.22 x IO6 6.25 x IO6 6.80 x IO6
3.53 x IO6 6.53 x IO^ 7.34 x IO6
3.34 x IO6 6.72 X H O O

'

7.02 x IO6
3.34 x IO6 6.50 x IO^ 7.05 x IO6
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Table 3. Per cent by weight in delivery using the Hamilton syringe 

at 10 ul and 20 ul injections.

10 ul Injections Replicates
Wt. of Container I 2 3 4 5

After 3.05545 3.01687 3.24621 3.12854 3.07880
Before 3.04566 3.00720 3.23530 3.11880 3.06914
Difference .00979 .00967 .01091 .00974 .00966

Range = .00125

Z Error ‘ .01091 x 100 = 11.0

20 ul Injections . Replicates
Wt. of Container I 2 3 4 5 •

After 3.14735 3.09664 3.03408 3.07306 3.14462

Before 3.12730 3.07655 3.01425 3.05307 3.12462

Difference .02005 .02009 .01983 .01999 .02000
Range = .00022

% Error .02009 x 100 = 1.09
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Table 4. Per cent error for readout values (fg ATP/ml) using.the 
Hamilton syringe at 10 ul and 20 ul injections.

Readout Values
10 ul 20 ul

3.30 x 10
3.67 x 10

3.44 x 10 
3.33 x IO7

3.43 x 10 3.37 x 10
3.44 x 10 3.20 x 10

3.69 x 10 3.24 x 10'

3.37 x 10' 3.25 x 10

Range = .39 x 10
.39 x 10 

3.69 x 10Z
x 100 = 10.56

,24 x 10
.24 x 10' 

3.44 x 10Z
x 100 = 6.97% Error



16
Standard Curves

Standard curves were constructed for ATP concentrations ranging 
from 1.0 x 10“6 fg ATP/ml to 5.0 x IO-9 fg ATP/ml (Fig. I). 119.3 mg
of crystalline adenosine 5' triphosphate disodium salt trihydrate 
(equivalent to 100.0 mg ATP) was accurately weighed and dissolved 
in a 100 ml volumetric flask containing ATP diluent. From this 
solution containing 1,000 yg ATP/ml a serial dilution was prepared. 
These known ATP concentrations were injected into the Bibmeter and 
readout values were recorded (Table 5). These readout values 
closely paralled known ATP concentrations.

Extraction of ATP from Bacteria

Cultures of Pvoteus vulgaris, Stveptooooous faeoalis, and 
Baoillus subtilis were incubated for 24 hours at 30 C in nutrient 

broth. Then ATP was extracted (Bancroft, Paul, and Wiebe, 1976) 

as follows: 10 ml samples from each culture were pipetted into.
individual acid washed centrifuge tubes and 18 ml of boiling 0.1 M .. 

NaHCOg (pH 8.5) was added. The centrifuge tubes were vortexed for 
30 seconds and immediately centrifuged (Sdrvall Superspeed RC2-B, 
Conn.) at 12,500 rpm for 10 minutes at -5 C. The supernatants were 

decanted into.test tubes containing 27 ml of ice cold 0.1 M Tris 

buffer (pH 7.8). The solutions were mixed and 0.5 ml was transferred 

to cuvettes using an acid washed syringe. The cuvettes were capped, .
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I.OxlO

1.0x10

1.0x10

5.0x10 5.0x105.0x10
1.0x10 1.0x101.0x10 1.0x10

Known ATP Concentration

Figure I. ATP standard curve.
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Table 5. Comparison of known ATP concentrations to Biometer readout 
concentrations (g ATP/ml).

Known Cone. Readout Cone.

5.0 x 10
1.0 x 10'
5.0 x 10
1.0 x 10"
5.0 x 10

1.0 x 10'
5.0 x 10'

1.0 x 10'

5.0 x 10"y
_Q2.3 x 10 y

4.8 x IO-8 
-81.1 x 10

5.0 x 10~7 
0.9 x 10"7
5.1 x IO"7
1.0 x IO"7
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frozen in dry ice and acetone, and stored at -20 C. ATP analysis 
was performed using the Biometer (Table 6).

Since the concentration of ATP in a single bacterium was fixed 
(Atkinson, 1971), and known (Instruction Manual Luminescence Biometer, 
DuPont), it was possible to predict the theoretical biometric readout 
from using a known concentration of bacteria in an extraction pro
cedure. Then, by comparing the predicted readout to the actual 
readout, one could estimate an extraction efficiency; i.e., estimate 
what percent of ATP in the bacterium was being measured by the 

Biometer. By comparing this extraction efficiency ratio (predicted 
readout / actual readout) among a series of extractions on the same 

culture, one could describe the reproducibility of an extraction 

procedure.
Concentrations for P. vulgaris, S. faecalis, and B. subtitis 

were determined using a standard dilution-pour plate method (Table 

6). Based on these values a predicted biometric readout was calcu- 

lated, and compared to the actual readout values (Table 7). The
I

reproducibility of the extraction procedure was variable. However, 

the standard plate count is a notoriously inexact means of determining 

concentrations.
Turbidimetry (Bausch and Lomb Spectronic 20) was next used as a 

basis of comparison. Again, reproducibility was variable (Table 8).
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Table 6. ATP concentrations (fg ATP/ml) and standard plate count 
concentrations (cells/ml) for P. vulgart-s, S. faeadl'is,- 
and B. subtitis.

ATP P. vulgaris. S. faeoalis P. subtilis

Rep. I. 1.54 X IO6 5.70 x IO6 6.20 x Iti5
Rep. 2. 8.18 X IO5 6.36 x IO^ 4.26 x IO6
Rep. 3. 8.10 X IO6 1.83 x IO6 2.05 x IO^

Standard 
Plate Count

Rep. I. 2.4 X IO10 7.7 x IO7 9.6 x IO8
Rep. 2. 1.3 X IO9 9.0. x.lO7 2.8 x IO8
Rep. 3. 2.1 X IO9 3.0 x IO7 5.4 x IO7
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Table 7. Extraction efficiency ratio (predicted readout/actual read

out) for P. vulgaris, S. faeaalis and B. subtilis \is±xi% the 
concentrations given in Table 6.

P. vulgaris S. faeaalis B. subtilis

Rep. I. .0217 15.20 .065
Rep. 2. .202 1.43 1.560

' Rep. 3. . 1.306 12.56 .381
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Table 8. Per cent transmittance using a Spectronic 20 at 520 nm, 

and ATP concentrations (fg ATP/ml) of three cultures of 
EntevobaQtev aevogenes.

Culture #1 Culture #2 Culture #3

% T 
ATP

52

4.97 x IO7
67 61

7 78.5 x 10 3.52 x 10



23
The error term of these standard methods of bacterial enumeration was

:

too large to be compared to ATP measurements. Therefore, it was 
reasoned that ATP concentration was a valid parameter, capable of 

standing by itself, without comparison to other standard methods. 

Logically then, the best approach was to perfect an ATP extraction 
procedure that minimized the experimental error term.

Sonication vs. Vortexing
ATP analysis was performed on cultures of EnterobaoteT aerogenes 

to determine if sonicatibn was a better means of mixing than vor- 

texing. 75 ml of sterile nutrient broth were placed in a 250 ml 
Erlenmeyer flask containing a magnetic stir bar and inoculated with 

E. aetfogenes. The flasks were placed on a magnetic stirrer and 
incubated for 22 hours at 35 C. Using a volumetric pipet, a 1.0'ml 

sample was withdrawn from the culture and pipetted into an acid 

washed centrifuge tube. Then 18.0 ml of boiling 0.1 M NaHCO^ was 

poured into the centrifuge tube containing the sample. This mixture 
was vortexed or sonicated for 30 seconds. The remainder of. the 
extraction procedure followed the method of Bancroft et dl. (1976). 

Nine extractions were done using sbnicatioh and nine using vortexing 

(Table 9). The results indicated no difference between the yields of 
the two methods; therefore, vortexing was chosen because it was the 

simpler of the two;



Table 9. Comparison of average ATP concentrations (fg ATP/ml) for 
sonication vs. voftexlng as a means of mixing during ATP 
extraction procedure.

24

Rep. #1 Rep. #2 Rep. #3

Sonication 4.69 x IO7 5.50 x IO7,i". 5.62 x IO7
Vortex 4.97 x IO7 8.50 x IO7 3.52 x IO7
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Waring Blendor

Since microbial activity was not uniform throughout a soil 
sample, it was considered possible that the sampling error term 
could be decreased by increasing the sample size until it became 
representative of the total population. Sample size could.not be 
significantly increased using the vortex, method of mixing; therefore, 
a Waring Blendor (Waring Blendor, New York City) was adopted since 

it could accommodate a much larger sample size. To determine which, 
blending time would give maximum readout values, extractions were 
performed bn 50 g Manhattan silt loam soil samples, with the blending 
times ranging from 30 to 225 seconds (Table 10). A 30 second blending 
time gave maximum readout values.

Sieving

To determine what effect sieving a soil sample has .on ATP read

out values, soil samples were removed from the area immediately west 

of Cooley Lab (Montana. State University) using a soil corer. One- 

half the soil cores were sieved using an 80/20 mesh soil sieve, and .

the other half were not sieved. ATP extractions were performed and
7 7the biometric readout values (1.27 x 10 vs. 1.72 x 10 fg ATP/ml) 

indicated that sieving did not alter ATP values in a soil sample; 
thereforeK sieving was no longer considered to be necessary prior
to ATP extractions.
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Table

Time
ATP

Time

ATP

10. ATP concentrations (fg ATP/ml) for blending times ranging 
from 30 to 225 seconds during ATP extraction procedure.

30s 60s 90s 120s 150s
1.34 x IO7 1.26 x IO7 1.06 x IO7 1.05 x IO7 8.95 x IO6

165s 180s 210s 225s

8.66 x IO6 9.06 x IO6 7.78 x IO6 7.88 x IO6
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Active vs. Dormant Plant Growth Stages

ATP values in active and dormant soils were compared, to deter
mine if microbial activity varied with plant activity. Soil cores 
were taken from two adjacent fields south of Bozeman, MT. One field 
was dominated by mature wheat, therefore, plant activity was dormant. 

The other field was covered with green growing grass, thus the plants 

were active. ATP analysis of the soil samples indicated little
7difference in the ATP concentrations in these two soils (1.85 x 10 

vs. 1.56 x io'' fg ATP/g soil). Hence, ATP concentration appeared to 
be independent of plant activity.

ATP Extractions of Soil Plus E. aevogenes
Manhattan silt loam soil was autoclaved, washed three times with 

20% HgSO^, rinsed three times with sterile water, 0.01 M mops buffer 

(pH 7.4) and Low Response water (DuPont, Delaware). The soil was 

then heated (125 C) for 24 hours and desiccated for 24 hours. A 

culture of E. aevogenes was incubated at 35 C for 22 hours in nutrient 
broth. ATP analysis was performed on the 22 hour culture and on a 

2 g sample of the sterile soil. Then 2 g samples of the sterile 
soil were placed in. centrifuge tubes, to each of which was added 

I ml of nutrient broth containing known concentrations of E. aevogenes. 
The centrifuge tubes were placed in an ice bath for 2 hours. ATP 

analysis was performed on the soil cultures. The data (Table 11)
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Table 11. Average ATP concentrations (fg ATP/g) for sterile Manhattan 
silt loam, E. aevogenes cultures, and sterile Manhattan
silt loam plus E. aevogenes. "

Rep. #1 Rep. #2 Rep. #3 y

Sterile Soil 0.72 x IO5 0.44 x IO5 0.28 x IO5 0.48 X IO5
TH. aerogenes 5.54 x IO7 8.83 x IO7 9.25 x IO7 7.87 X IO7
Soil, E. aer. 2.68 x IO7 1.84 x IO7 1.71 x IO7 2.08 X IO7
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indicated that the soil interfered with ATP extraction, since the 
E. aevogenes culture contained 7.87 x IO^ fg ATP/ml and the soil 
plus E. aevogenes sample contained only 2.08 x IO^ fg ATP/g soil.

ATP Analysis of Colstrip Soils
Field samples were collected in the Colstrip area as described 

previously. The frozen cores were thawed, blended in Twin Shell 
Dry Blender (Patterson-Kelly Co., East Stroudsburg, Penn.) for 20 

minutes and a 51 g sample was removed. The remainder of the soil 

core was refrozen, to be used later for enzymatic analysis. From 

the 51 g sample a I g sub-sample was used to determine the percent 
moisture of the soil. The following procedure was employed to 

determine ATP concentrations of Colstrip soils:
1) The 50 g soil sample and 900 ml of boiling 0.1 M NaHCO^

(pH 8.5) were placed in a Waring Blendor.

2) The mixture was blended for 20 seconds.

3) 19 ml of slurry was removed and centrifuged at 12,500 rpm 

for 10 minutes.
4) The supernatant was decanted into 27 ml of cold Tris buffer 

(pH 7.8).
5) The extract-buffer mixture was mixed by inversion, placed 

in DuPont cuvettes and frozen with a mixture of acetone

and dry ice.
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The Biometer was standardized at 1.0 x 10 fg ATP/ml, and ATP con
centrations were determined, using 20 ml injections of luciferin- 
luciferase. The Biometer readout concentration was multiplied by 
the dilution factor . (0.0782) then divided by a dry weight conversion 
factor (Table 12) yielding a concentration as g ATP x 10  ̂per gram 
of dry soil (Table 13)".

ATP Determination of Soil Samples Collected in Preceding Research
i

Several stored soil samples from a preceding microbiological 
study at Colstrip (Stewart, 1975) were chosen for ATP analysis 

(Table 14). . ATP analysis was performed following the method 

previously described. The results are given in Table 14.

Respiration and Enzymatic Determination of Colstrip Soil Samples • 
The following procedures were employed in analyses both of 

current (1976) samples and stored samples from earlier research 
(Stewart, 1975) in the Colstrip area:

Respiration. The water-holding capacity for each soil was 

determined by the following method: A wetted filter paper disk was
placed in a plastic cup with numerous holes in the bottom. The cup 
and filter paper were weighed on a Mettler Analytical Balance and 

ten grams of soil were added. The cup was then allowed to sit in 
a dish of distilled water until excess water was visible at the

8
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Table 12. Dry Weight Conversion Factors (dry soil weight/wet soil 

weight), for six study plots.

Study Plot DWCF

BN
Surface .96
Mid-depth . .93
Bottom .95

NRF
Surface .92
Mid-depth .93
Bottom .96

NRU
Surface • 97
Mid-depth 1 .94
Bottom .94

Demo
Surface .98
Mid^depth .98
Bottom .99

Gouge
Surface .98
Mid-depth .99
Bottom .99

TSG
Surface .98
Mid-depth .98
Bottom .99
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Table 13. Average ATP concentrations (ng ATP/g soil) for six study 

plots.

Plot Surface ' Mid-depth .Bottom

BN .540 .490 ■ .413
NRF .832 .450 .311
NRU .541 .366 ' .314

Demo .589. .433 .104

Gouge .202 .072 .022
TSG .499 ...206 .054
Average Spoils .430 .237 .060

Average Native 
Range .637. .435 .346



Table 14. Mean values of all four microbiological parameters and ATP concentrations
for eighteen of Stewart's (1975) study, plots •

Plot
and Sample # , Date Resp.̂ Phos.b Pec.C. dPecPL ATP6

BN - #44 4-10-74 4.39 9.30 r060 1.93 .739
BN - #45 4-10-74 4.03 18.23 .056 2.30 .520
Gouge - #53 . 4-27-74 1.40 <1.30 .055 0.48 .0358
NRF - #62 4-27-74 2.38 3.15 .043 2.39 .157
Demo - #70 4-27-74 2.60 3.12 .039 1.54 .563
NRU - #79 8-17-74 4.43 5.10 .039 6.56 .318
NRF - #83 8-17-74 2.40 7.70 .144 4.44 .602
TSG - #84 8-17-74 5.16 4.62 .127 1.00 .580
Gouge - #89 8-17-74 1.46 3.18 .093 5.33 .129
NRU - #115 10-3-74 2.16 9.43 .152 0.933 .960
a = Respiration as uliters of 0„ per hour per gram of soil, 
b = Phosphatase as umoles phenol per gram of soil, 
c = Pectinolyase as optical density at 550 nm. ^
d = Pectinolytic Plate Count as number of.bacteria x 10 per gram of soil, 
e = ATP concentration as ng ATP. per gram of soil.



Table 14. (continued)

Plot
and Sample # Date Resp.a Phos.k". Pec.C PecPLd ATP6

NRF - #116 - 10-3-74 2.36 3.25 . .155 134.40 .557

NRF - #117 10-3-74 4.55 8.20 .329 9.78 .840

TSG - #119 10—3—74 4.41 4.97 .272 2.44 .990

Gouge - #123 10-3-74 5.03 2.47 .310 12.11 .634
Demo - #126 10-3-74 5.01 4.25 .299 4.56 1.060

BN - #169 10-3-74 3.39 9.77 .097 ‘ 4.33 .967
TSG - #177 12-5-74 6.79 . 3.48 .094 2.89 .744
Demo - #185 12-5-74 3.30 2.93 .114 3.22 .762
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soil surface. After removal from the water, the cup was placed on 
an absorbent sponge to remove the visible excess water from the top 
surface of the soil. When no excess water could be observed, the 
cup was again weighed. The difference between wet weight and dry 
weight gave an experimental water-holding capacity value for ten 

grams of each particular soil.

Five grams of air-dried soil were placed in Warburg respirometer 
flasks, distilled water was added to bring the soil up to 100% water
holding capacity and the flasks were stoppered and allowed to equil
ibrate over night. Two-tenths milliliters of 40% potassium hydroxide 
and filter paper wicks were placed in the center wells. The Warburg 
flasks were placed on a Gilson Differential Respirometer and equil
ibrated at 25 C for one-half hour. The respirometer was connected 

and a barometric pressure reading was taken with ah S & M Surveying 
Anaeroid.. Readings were taken each half hour for a total of seven 

hours. The respiratory rate was calculated from three replicates of 

each sample and these were corrected to standard conditions usingv.
the equation given in the instruction manual for the Gilson Respir

ometer (Tables 14 and 15).
Phosphatase. The method used for the determination of phos

phatase enzyme activity was taken from Khazlev (1971). Five grams 
of air-dried soil were added to twenty milliliters of 0.3% disodium



Table 15. Mean values of three microbiological parameters and ATP concentrations for 
five 1976 study plots.

Plot, Depth 
and Sample # Date Resp.a Phos Pec.C ATPd

Gouge - Surface - #12 7-30-76 4.37 5.72 .018 .133
NRF - Bottom - #28 7-30-76 4.38 3.23 .047 .313
NRF - Surface - #30 7-30-76 6.55 4.87 .031 1.036

BN - Bottom - #46 7-30-76 4.48 4.15 .061 .518
BN - Surface - #48 7-30-76 4.45 7.70 .036 .680
a = Respiration as uliters of O2 per hour per gram of soil, 
b = Phosphatase as umoles phenol per gram of soil, 
c = Pectinolyase as optical density at 550 nm. 
d = ATP concentration as ng ATP per gram of soil.
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phenyl phosphate and 3-4 drops of toluene. . These were stoppered and 
incubated in a 30 C shaking water bath for one hour. Following 
incubation, eighty ml of distilled water were added and this was 
then centrifuged at 8,000 rpm on a Sorvall KC-2B centrifuge for 

ten minutes. Five milliliters of this solution were placed in a 
50 mi volumetric flask to which was added 5 mis of borate buffer 
(pH 9.0), 3 mis of 2.5% potassium ferricyanide and 3 mis of 0.5% 

4-amino antipyrine (fresh solutions of K^Fe(CN)^ and 4-amino 

antipyrine were made daily). The volume was. brought to 50 mis and 
after 30 minutes a stable rose-colored complex formed with the 
liberated phenol and this was read on a Spectronic 20 spectro

photometer at 510 nm. The quantity of phenol was determined with 
a standard curve (Fig. 2) of phenol for each sample and the phos- . .. 
phatase activity was calculated as pmdles of phenol per gram of 
soil (Tables 14 and 15)..

Pectinolyase. The determination of pectinolytic enzyme activity
:

followed the method of Kaiser and DeAsconequi (1971). Two grams of 

air-dried soil were mixed with 2 ml of toluene, 15 ml of Tris buffer 

(Tris hydroxymethyl-amino methane, pH 7.5) and 5 ml of a pectin 

solution consisting of 0.7 g pectin, 1.1 g NaCl, 0.25 g phenol,
0.018 g CaClg-ZHgO and 100 ml of distilled water. These were 

stoppered and incubated for 24 hours at 25 C. Following this, the
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Figure 2. Standard curve for phenol.
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solutions were centrifuged at 8,000 rpm for 10 minutes and filtered 
through Whatman #4 Qualitative filter paper. The filtrate was. 
evaporated just to dryness in porcelain evaporating dishes over a 
boiling water bath. The dry material was then returned to solution 
by addition of 1.5 ml of distilled water. One ml of this solution 

was then added to 2 ml of I N HCL and 5 ml of 0.29% thiobarbituric 
acid. This mixture was boiled for one-half hour, cooled, centrifuged 
at 5,000 rpm and then read on a Spectronic 20 spectrophotometer at 

550 nm. Pectinolytic activity was reported as optical density at 
550 nm (Tables 14 and 15).

Pectinolytic Plate Counts. The procedure used to determine 
counts of pectinolyt.ic organisms from the soil was modified from 

Hankin, Zucker, and Sands (1971). Mineral pectin medium (MPM) 
contained, per liter: (NH^^SO^, 2 g; KH^PO^, 4 g; Ha^HPO^, 6 g;
FeSO^-THgO, I mg; MgSO^, 0.2 g; CaCl2, I mg; H^BO 10 yg; MnSO^,

10 yg; ZnSO^, 70 yg; CuSO^, 50 yg; MoO^, 10 yg. The pH was adjusted 

to 7.4 and then 5 ml of 0.4% alcoholic brom thymol blue solution,

I g yeast extract, 5 g purified pectin in 5 ml of 95% ethanol and 

15 g agar were added.

The purified pectin was prepared by combining 250 grams of 

commercial pectin with 500 ml of 70% ethanol, shaking for 2 hours, 
filtering and repeating the above procedure once. Following the
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second filtration, the pectin was placed in a 37 C incubator and
allowed to dry for 24 hours prior to use. The medium was sterilized

by autoclaving at 121 C for 15 minutes, poured into sterile petri
dishes and allowed to dry for 24 hours prior to use.

Five grams of soil were added to 495 ml. of sterile double-
distilled water in a sterile Waring Blendor head and blended at

high speed for one minute. One ml was removed with a sterile

pipette, while the blendor was in motion, and this was added to
a sterile 9 ml distilled water dilution blank. A second I ml was
removed, of which 0.2 ml was added to three separate MPM plates.

The same procedure was followed for the second and third 9 ml
—3 —dilution blanks resulting in three MPM plates each of a 10 , 10

_5and 10 dilution. A bent glass rod was dipped in alcohol, flamed, 

and used to spread the liquid on the surface of the medium. The 
plates were then inverted and incubated for 48 hours at 30 C. 

Following incubation plates were flooded with 1% hexadecyltrimethyl- 

ammoniumbromide (aqueous) and zones of pecfinolysis were taken as 
clear zones surrounding any colony after one-half hour. ■ The number' 

of bacteria per gram of soil was then calculated from, five repli
cations of the above procedure for each sample (Table 14).



41

Statistical Analysis of ATP Concentrations for Colstrip Study Plots
Using analysis of variance one-way classification, utilizing 

the ministat .version of Montana State University's statistical 
laboratory, the six 1976 study plot's data were analyzed as follows: 

..I) A surface vs. mid-depth, surface vs. bottom, and mid-depth 

vs. bottom multiple comparison of treatment means was per
formed on each of the study plots (Table 16).

2) A surface vs. surface, mid-depth vs. mid-depth, and bottom 

vs. bottom multiple comparison of treatment means was per
formed, comparing all six plots (Tables 17, 18, and 19).

3) The three spoils plots were compared to the three native 

range plots by a contrast comparison for each depth. (Table 20) .

4) ~ r^surfacet°'̂  rat 0̂ values (Table 21) for each of the .study 
plots, were compared to one another using multiple comparison 

of treatment means (Table 22), and using these same.values 

contrast, comparison of treatment means was employed to com

pare the three spoils plots to the three native range plots 

(Table 23). Justification for these ratio values is explained 
on page 56.

Summary statistics and multiple regression (for one to twenty 
variables) were used to analyze soil samples from Colstrip plots, as
follows:
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Table 16. Vertical comparison of core depths for six study plots, 
statistical analysis by Q value.*

Plot Depth Compared to: Q statistic

NRF Surface Mid-depth
Bottom

16.81
22.37

Mid-depth Bottom ' 5.57

NRU Surface Mid-depth
Bottom

12.95
16.92

Mid-depth Bottom 3.97

BN Surface Mid-depth
Bottom

. 4.48
8.79

Mid-depth Bottom 4.30

Demo Surface Mid-depth
Bottom

■9.21:
28.11

Mid-depth Bottom 18.90

Gouge Surface Mid-depth
Bottom

17.62
24.20

Mid-depth Bottom 6.58 '

TSG Surface Mid-depth 
Bottom .

23.44
35.39

Mid-depth Bottom ■ 11.96 .
* Minimum significant value is 2.90.
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Table 17,. Surface vs. surface multiple comparison of ATP concentra
tions for all six plots.

Plot
Compared
Plot Q Statistic T Statistic

NRF Gouge 24.58 17.38
TSG 12.94 9.15
BN 11.70 8.27

NRU 11.52 8.15
Demo 9.28 6.58

Demo Gouge 15.29 10.81

TSG 3.66* 2.59,
BN 2.42* 1.71

NRU 2.24* 1.58

NRU Gouge 13.06 9.23

TSG 1.42* 1.00 ■
. BN .18* .13

BN Gouge 12.88 . 9.11

TSG 1.24* .. .88

TSG Gouge 11.63 8.23 .

a = Q statistic less than tables Qm ^ value of 4.03.
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Table 18. Mid-depth vs. mid-depth multiple comparison, of ATP 

concentrations for all six plots.

Plot
Compared
Plot Q Statistic T Statistic

BN Gouge . 47.60 33.66
TSG 31.42 22.22
NRU 13.17 9.31
NRF 4.57 3.23
Demo 3.79a 2.68

Demo Gouge 43.81 30.98

TSG 27.63 19.54 ..

NRU 9.38 6.63

NRF CO
0) .55

NRF Gouge 43.03 30.43

x TSG 26.85 18.98

NRU 8.60 6.08

NRU Gouge 34.43 24.35

TSG 18.25 ! 12.91

TSG Gouge 16.18 11.44

a = Q statistic less than tabled Q».6 value of 4.03.
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Table 19. Bottom vs. bottom multiple 

tions for all six plots.
comparison of ATP concentra-

Plot
Compared
Plot Q Statistic T Statistic

BN . Gouge 49.49 . 34.99 .
• TSG 46.18 32.66

Demo 39.53 27.95
NRF 14.15 10.00
NRU 13.19 9.33

NRU Gouge 36.30 25.66
TSG 32.99 23.33
Demo 26.33 18.62

’ NRF '. 95a .67 .

NRF Gouge 35.34 - 34.99, ■
TSG 32.04 22.65

Demo ■ 25.38 . 17.95 "

Demo Gouge . 9.96 7.04

TSG 6.66 4.71

TSG Gouge 3.31® 2.34

a = Q statistic less than tabled g value of 4.03.
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Table 20. Contrast comparison of ATP concentrations of spoils vs. 

native range plots for each depth.

Surface Mid-depth Bottom

Contrast (Sum of Coef. x Means) -7.524 -6.731 ' -10.13
Standard Error .7813 . .2534 .2301
T Statistic -9.630 -26.570 . -44.03

T.001[°°] = 3,291
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Table 21. SiurIaee Bottom rat 0̂ vaiues for XlP concentrations at Surface

each of the six study plots.

Plot
Surface-Bottom-

Surface Ratio

BN .540 - .413 
.540 .235

NRF .832 - .311 . 
.832 .626

NRU .541 - .314 
. 541 .419

Demo .589 - .104 
.589 .823

Gouge .202 - .022 
.202 .891

TSG .499 - .206 
.499 .892 .
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Table 22: Multiple Comparison bf ratio values for
ATP'concentrations on each of the study plots.

Plot
Compared
Plot Q Statistic T Statistic

Gouge BN 14.96 10.58
NRU 11.24 7.95
NRF 6.25 4.42

Demo 1.82* 1.29
TSG .00* .00

TSG BN 14.96 10.58

NRU 11.24 7.95
NRF 6.25 4.42

Demo 1.82* 1.29

Demo BN 13.14 . 9.29

NRU 9.42 ■ 6.66
NRF 4.43* . 3.13 ■

NRF BN 8.71 6.16 .

NRU 4.99 3.53

NRU BN 3.72* 2.63

a = Q statistic less than tabled Q(12,6) val^e of 4‘75-:
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Table 23. Contrast comparison of spoils vs. native range plots for

, . . Surface-Bottom , _each depth using -----— %------ATP ratio values.

Contrast (Sum of Coef. x Means) 129.0
Standard Error 10.31
T Statistic 12.51
T\001[16] 4.015
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1) Respiration, phosphatase, pectinolyase, pectinolytic plate 

counts and ATP data were correlated to one another by matrix 
analysis, using some of the soil samples from the July 1976, 
Colstrip plot samples (Table 24).

2) Respiration, phosphatase, pectinolyase, pectinolytic plate 

counts and ATP data were correlated to one another by matrix 
analysis, using some of the soil samples from the study of 
Stewart (1975) (Table 25).

3) Both respiration and ATP data were regressed to all other 
treatment data (i.e., respiration vs. phosphatase, pec
tinolyase, pectinolytic plate counts and ATP; or, ATP vs. 

respiration, phosphatase, pectinolyase and pectinolytic 
plate counts) by analysis of variance for regression using 

both the 1975 and 1976 studies soils (Table 26).

All tabled statistical values were taken, from Snedecor and 

Cochran (1967).
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Table 24. Correlation of Respiration, Phosphatase, Pectinolyase, and 

ATP data using matrix analysis, 1976 soil samples.

Variable Resp. Phos. Pec. 'ATP

Resp. 1.0000
Phos. -.1517 1.0000
Pec. -.2151 -.4939 1.0000
ATP .9231 .0716 -.0710 1.0000

With n = 5 correlations need to exceed .898 to be significant at the
5% level.

'I
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Table 25. Correlations of all four parameters and ATP data using 
matrix analysis, Stewart's (1975) soil samples.

Variable Resp. Phos. Pec. PecPL ATP

Resp. 1.0000
Phos. .0986 1.0000
Pec. .3602 -.0951 1.0000
PecPL -.1855 -.1648 .1035 1.0000
ATP .4920 .2940 .5817 -.0430 1.0000

With n = 18 correlations need to exceed 0.486 to be significant at 
the 5% level.



53
Table 26. Regression analysis of Respiration and ATP data 

other parameters using Stewart's (1975) and the 
soils.

vs. all 
1976

Soil Dependent Independent F Value

1975 ATP Resp.
Phos.
Pec.

PecPL 3.61168

1975 Resp. Phos.
Pec.
PecPL 0.70504

1976 ATP Resp.
Phos.

Pec. .21.76590 .

1976 Resp. Phos.
Pec.

ATP 25.02120



RESULTS

Surface vs. Mid-depth, Surface vs. Bottom, and Mid-depth vs. Bottom, 
1976 Plots

For each of the six 1976 Colstrip plots, ATP concentrations 
were always greatest in the surface samples. The mid-depth samples 
had intermediate values, and the bottom samples always had the 
lowest ATP concentrations (Table 13). The largest ATP concentration 
was found in the surface sample of the native range fertilized plot, 
and the smallest concentration occurred in the bottom sample of the 

Gouge plot (Table 13). Based on a tabled Q value of 2.90, for two 
treatments and 78 degrees of freedom, ATP concentrations for each 

of the depths, for each study plot, were significantly different 
from one another (Table 16).

Surface vs. Surface, Mid-depth vs. Mid-depth, and Bottom vs. Bottom, 
1976 Plots

When these multiple comparisons were performed to compare one 
plot against each of the other plots, two interesting observations 
were made. First, when all of the surface ATP concentrations of the 
six plots were compared to each other, of the fifteen possible paired 

comparisons, six showed no significant difference (Table 17). The 

Demo plots surface ATP concentrations could not be differentiated 

from the ATP concentrations of the Topsoil Gradient (TSG), the 

Native Range Unfertilized (NRU), and the BN Exclosure (BN) surface
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samples. The NRU plot could not be differentiated from the TSG or 
the BN plots; and the TSG and BN ATP concentrations could not be 
differentiated. Significance was determined by a, Q statistic of 
greater than 4.03, which is the tabled Q value, at infinite degrees 
of freedom and six treatments.

However, when similar comparisons were made on the mid-depth 

and bottom ATP concentrations, only two of the fifteen possible 
paired comparisons, for both depths, could not be significantIy 
differentiated from each other (Tables 17 and 18). For the mid
depth samples, the two non-significant comparisons were Demo vs. 
Native Range Fertilized (NRF) and Demo vs. BN. The bottom depths 

non-significant comparisons were NRU vs. NRF and Gouge vs. TSG.

Again, significance was determined by a Q statistic being greater 

than 4.03.

Comparison of Spoils vs. Native Range Plots at Each Depth

Average ATP concentrations were higher in the native range plots 
than they were in the spoils plots, at all sample depths (Table 13). 
Based on a tabled t value of 3.291 (infinite degrees of freedom at 
the 0.1% level) the t-statistic for each of the sample depth com- , 
parisons indicated significant difference between spoils and native 
range soil samples (Table 20). Also, it should be noted that with 

increasing depth the t-statistic became more significant, increasing
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from a 9.36 value for the surface comparison to a 44.06 value at 

the bottom comparison. The mid-depth comparison had an intermediate 
value of 26.57.

Comparison of Spoils vs. Native Range Plots Using 
Values

Surface-Bottom
Surface

As previously mentioned, concentrations of ATP were always
greatest at the surface of a core sample, with mid-depth having an
intermediate value and bottom samples demonstrating the lowest ATP
concentrations; and these values were statistically significantly
different from one another. Another method of comparison is by

assigning a value for this difference, relative to each plot.
Dividing the difference of the surface and bottom ATP concentrations

by the surface ATP concentration for each study plot provided such
a value. This - -r^ace value was determined for each of thesurface
study plots (Table 21). The value approaches 1.0 as the difference 

between the surface and the bottom ATP concentrations increases.
The largest values were obtained in the spoils plots, ranging from 

.823 to .892. Native range values from .235 to .626. These values 
were compared against one another. The data in Table 22 indicate 

that the three spoils plots were not significantly different from 

one another, and that the three native range plots' values, with 

the exception of NRF, were also not significantly different from
V
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each other. The NRF value was not significantly different from the
Demo plot value. The tabled Q and Q statistic values were 4.43 and
4.75, respectively. The NRF plot value vs. the NRU value showed a
low significant difference, having a 4.99 Q statistic.

, surface-bottom „ „When the ----surface---values for the three spoils were con
trasted against the native range values, there was a substantial 
significant difference. The tabled t value, with sixteen degrees of 
freedom at the 0.1% level, was 4.015, which was considerably lower 

than the t-statistic of 12.51 (Table 23), indicating that the change 
in ATP concentration from surface to bottom differs in the two types 

of study plots.

Respiration, Phosphatase, Pectinolyase, and ATP Matrix Analysis,
1976 Plots

The data given in Table 24 indicate that among the four tests

only ATP and respiration correlated to one another. When analyzed

between the 2 and 5% level, these two tests demonstrated significant
0 9231 (5 — 2)positive correlation. Using the formula t = ^  - q ] ggil^j t îe t_ 

statistic was found to be 4.1570, which compared to tabled t values 
between 2 and 5% significance.

At a non-significant level, phosphatase and pectinolyase demon
strated negative correlation. None of the other correlations between 

any four tests, using the six soil samples, demonstrated any signifi

cant values, either positive or negative.
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Respiration, Phosphatase, Pectinolyase, Pectinolytic Plate Counts, 
and ATP Matrix Analysis, 1975 Plots

Of the ten possible matrix comparisons, only two showed signifi
cant correlation values (Table 25). ATP demonstrated significant 
positive correlation to both respiration and pectinolyase values.
With N=18, correlations needed to exceed 0.486 to be significant 
at the 5% level. The ATP vs. respiration and ATP vs. pectinolyase 
values were 0.492 and Q.582, respectively.

Respiration vs. Phosphatase, Pectinolyase, Pectinolytic Plate Counts 
and ATP, 1975 Plots

When compared against the other tests, respiration demonstrated 

non-significant regression. With 4 degrees of freedom due to 
regression and 13 residual degrees of freedom, the F statistic was

.

only 1.2937 (Table 26).

ATP vs. Respiration, Phosphatase, Pectinolyase, and Pectinolytic 
Plate Counts, 1975 Plots

With 4 degrees of freedom due to regression and 13 residual 
degrees of freedom, the regression analysis of ATP vs. the other 
tests had an F statistic of 3.61 (Table 26), corresponding to 
tabled F values at the 5% level. Thus ATP was regressed by the 

other tests.
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Respiration vs. Phosphatase, Pectinolyase and ATP, 1976 Plots

Although the F statistic for this regression was 25.02, it 
was not significant due to a small residual degree of freedom 
(1.0). The probability term for the evaluation of F to infinity 
and F distribution was 0.153, which indicated a non-significant 
regression analysis (Table 26).

ATP vs. Respiration, Phosphatase, and Pectinolyase, 1976 Plots 
As with the respiration regression, this regression was of 

limited value due to the low number of degrees of freedom (again 

1.0). Even though the F statistic was high, 21.76, the corresponding 

probability analysis term was only 0.163, again indicative of a non

significant regression (Table 26).



DISCUSSION

It has long been recognized that microbial populations and 
their activities reflect the interplay of the many physical, chemical 
and biological factors in a specific environment. Such interplay 
includes the influence of many soil parameters, such as humidity, 
temperature, penetration of organic compounds, pH, minerals, gas con
tent, soil structure, and clay content. Different microbial popu
lations have been shown (Krassilnikov, 1967) to be responsible for 
individual stages in the decomposition of organic substances, and 

almost any kind of disturbance promotes microbial activity (Dobbs 
and Hinson, 1960). The drastic changes brought about by strip 

mining would, therefore, alter stages, or types, of associations 
of soil microorganisms. Therefore, an important question is does 

an area disturbed by strip mining re-establish the equilibrium 
that existed prior to disturbance? And if it does, then one may 

ask how long does the process take? These questions are not 
easily answered, but most definitely do need to be addressed.

In the past much of the attempt to improve coal strip mine 
reclamation has been focused on revegetation research (Struthers 

and Vimmerstadt, 1965a, 1965b; Rogers, 1951; Jacoby, 1969; and 
Everett and Henry, 1974), and to a large extent the long recognized 

importance of the soil forming process has been overlooked. As
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stated in the introduction, this process is of paramount importance 
to soil productivity. The importance of microbes in this process 
has long been accepted; yet quantitative assessment of their activity 
has not been accomplished. The microorganisms influencing soil 
development are heterogeneous, often difficult to culture, and nearly 
impossible to observe as a single group.

Researchers have developed numerous methods to measure the 
activity of soil microorganisms. Respiration of microorganisms in 

the soil was one of the earliest methods used. Early workers, such 
as Boussingault and Lewy (1853), Moller (1879) and Wollny (1881) 

measured in situ CO^ production as an index of soil microbial 
activity. Later Deherain and Demoussey (1896) were the first to 
perform respiration measurements in the laboratory. Following their 

work, extensive respiration experiments were performed by Russell 

(1905), Neller (1922), Waksman and Starkey (1924) and many others. 

Since CO^ was found to evolve from anaerobic as well as aerobic 

environments, and because some soil COg evolution was found to be 

of non-biological origin (McLaren and Skuj ins, 1971), researchers 
turned to measuring Og uptake instead of COg production. Og consump
tion depends upon the type of substrates present, physical and 
chemical conditions, and the microorganisms involved (Stotzky, 1965). 

Furthermore, Hausenbuller (1950), Stotzky and Norman (1961), Stotzky
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(1965), and Ross (1965) found respiration measurements to correlate 
well with organic matter content, nitrogen and phosphorous transfor
mations , metabolic intermediates, pH, average microbial numbers and 
changes in soil weight.

In the past, the measurements of uptake vn vii>TO was performed 
with soil that had been brought to 60% of water-holding capacity 
(Stotzky, 1965; Ross and Roberts, 1970) because this moisture con
centration was assumed to be optimum for aerobic microorganisms. 
However, since the O^ uptake of soil was found to be dependent on 
the degree of water saturation (Buckman and Brady, 1969), Stewart. 

(1975) investigated respiration rates for soils at several different 
water-holding capacities. She found that optimum O^ uptake occurred 

at 100% of water-holding capacity. Consequently, all respiration 

measurements were made at 100% of water-holding capacity.
Another useful approach to a study of soil microorganisms is 

to monitor transformation of substrates, catalyzed by enzymes of 

microbial.origin. To date the activity of nearly fifty different 
enzymes has been detected in the soil (McLaren and Skuj ins, 1971); 

yet very few of these have been studied in detail.
Organic phosphate is the major reservoir of soil phosphorus. 

Hydrolysis, catalyzed by extracellular phosphatases, is an initial 

reaction for phosphate assimilation from organic compounds by plants
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and microorganisms. Hence, phosphatase activity can be related to 
microbial activity in the soil (McLaren and Skujins1 1971). Nearly 
twenty separate enzymes have been characterized as phosphatases, 
including phytases, glycerophosphatase, fructosediphosphatase, 
lecithinase, nucleases, and others. Many substrates have been 
used to assay soil phosphatase activity, including phenylphosphate 
(Kroll and Kramer, 1955), phenolphthalein phosphate (Krassilnikov 
and Kotelev,.1957) and glycerolphosphate (Skujins, Braaal, and
McLaren, 1962)1 Most commonly used, however, was phenylphosphate

\

because of the simplicity of the procedure and its non-absorption 
by soil constituents (Kramer and Yerdei, 1959).

Though numerous, reports in the literature on phosphatase 

activity are contradictory. Investigations, such as the pH of 

maximal phosphatase activity (Keilling et al. , 1960; Drobnikova, 

1961), enzyme absorption by clay minerals (Kroll and Kramer, 1955; 

Ross, 1965), influence of physiochemical properties of soil (Halstead 
1964; Paw and Hughes, 1974), adverse effects of air-drying (Jansson, 
1967; Ross, 1965), correlations with microorganisms, and others, 

have demonstrated that there exists in soil a wide range of micro

organisms capable of dephosphorylating all known organic phosphates 
(McLaren and Peterson, 1967). Futhermore, enzymatic activity in the 
soil appeared to be correlated with the concurrent or immediate past
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activity of viable cells. Khazlev (1971) developed a method for the 
determination of phosphatase activity by measuring the liberated 

free phenol from disodium phenylphosphate. Khazlev's method was 
used in this study to determine phosphatase activity.

Another metabolic activity of great importance in soil is the 
decomposition of plant material by microorganisms. Major structural 
components' of plant material are pectic substances, which are poly
saccharides principally composed of a-1,4 linked galacturonic acids. 
They are deposited in the primary cell wall, and their enzymatic 
breakdown leads to plant tissue maceration (MacMillan and Sheiman, 

1974). Obviously, the enzymes that degrade pectin are essential 
for the rapid decay of dead plant material. Pectin enzymes, however, 

have been the subject of much confusion. Until recently, only two 

major types of enzymes were thought to be involved in pectin 

degradationi pectinesterase which hydrolyzed the ester linkage, 
and polygalacturonase which hydrolyzed the glycosidic linkage. As ■ 

research continued, more depolymerizing enzymes were found. These 
included pectic enzymes which split the a-1,4 bonds by a trans- ■ 
elimination mechanism rather than by hydrolysis (Albersheim, Neukom, 

and Deuel, 1960; Edstom and Phaff, 1964), and enzymes capable of 

degrading polygalacturonate with both endo- and exo-action patterns 

(Nagel and Vaughn, 1961; MacMillan and Phaff, 1966). Because of the
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biochemical complexity of pectic enzymes, only a few general studies 
have actually been conducted in which pectinolytic activity was 
assayed (Kaiser and DeAscongenui, 1971; Hankin, Sands and Hill, 1974) 
For her study, Stewart followed the method of Kaiser and DeAscongenui 
(1971) and this method was also used in this study.

The determination of the numbers of pectinolytic bacteria 
present, in conjunction with the pectinolyase activity, would 
enhance a study of this enzymatic group in the soil. Reports of 
attempts to develop a selective medium for the enumeration of pec
tinolytic microorganisms are numerous in the literature. The 
medium most commonly used relied on the formation of visible 

depressions or soft areas in a calcium-polypectate gel medium 
(Wieringa, 1949; Vaughn et dl. , 1957). Jayasanker and Graham (1970) 

developed a solid medium containing pectin and yeast extract which, 

following growth, was flooded with cetyltrimethylammoniumbromide, 

precipitating intact polysaccharides. Hankin et at. (1971) further 

developed this medium by adding a mineral base, which stimulated 
pectinolytic enzyme synthesis. Pectinolytic organisms were enu
merated by counting colonies surrounded by a clear zone upon the 

addition of hexadecyltrimethylammoniumbromide. However, it was 

often observed that commercial pectin preparations contained con^ 

taminating sugar residues. Therefore, Stewart (1975) modified the .
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solid medium of Hankin et at. (1971) by purifying the pectin as 

prescribed by Jermyn and Tompkins (1951). ,This modified medium 
was used in this study to enumerate pectinolytic bacteria.

ATP is found in all living systems. Within a bacterial cell, 
its concentration will remain relatively constant throughout the 
organisms growth curve, and under most conditions is destroyed 
immediately upon the death of the cell (Holm-Hansen and Booth,
1966; Burnison, 1975). ATP research is based on the observations 
of McElroy and Strehler (1949), who described light emission 
resulting from the mixing of heat stable (Iuciferin) and heat 

labile (Iuciferase) extracts from the luminous crustacean Cypridtna 
hitgendorfi. ATP, was found to be part of this luminescent.reaction, 

for it was possible to restore light emission in those extracts 

which had ceased to luminesce by adding ATP.

Later, Green and McElroy (1956) found that magnesium catalyzed 

the reaction, with optimum magnesium concentration being approximately 
0.01 M. Seliger et at. (1961) proposed the following reaction steps . 
as being responsible for firefly bioluminescence:

I) LH2 + ATP + E E LH2 - AMP + PP

2) E LH2 - AMP + O2 --► E L - AMP + Light
Where: LH^ ■= luciferin

E =  luciferase (enzyme)
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PP = pyrophosphate 
L = dehydroluciferin 

AMP = adenylic acid
Based on these findings investigators (Resources Research, Inc., 

1963) proposed a bacterial detection technique quantitatively specific 
for ATP, since one photon of light was emitted for every moledule of 
ATP which reacted. Light emission was detected by a Photovolt Model 
520-special photometer, with intensity recorded on a Photovolt Model 

44 linear recorder (Levin et al. , 1964). Following Levin's work 
Holm-Hansen and Booth (1966) pioneered methods for ATP measurements 

in deep oceanic water. Using boiling Tris buffer (0.02 M, pH 7.5) 
as an extraction medium, their biomass estimation agreed with con

centrations proposed by others. In a later publication, Holm-Hansen 

(1969) reported excellent agreement among biomass estimations based 
on chlorophyll, ATP measurements, and direct examination.

About this time Chappelle and Levin (1968) began extracting ATP 

with a solution of 0.1 M Tris, 0.01 M potassium arsenate, 0.01 M 
EDTA, and 6% n-butanol. Also, they were refining the light measuring, 

instrumentation, which consisted of a reaction chamber, photo
multiplier assembly, power supply ,and recorder. The reaction chamber 

was a rotary drum designed so that access to and removal of the 
reaction cuvette was possible without exposing the photomultiplier
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to ambient light, thus increasing the stability and sensitivity of 
the instrument. They were able to measure bacterial populations on 
the basis of ATP content with accuracy comparable to that of slower 
and more classical means.

Researchers then began to apply ATP analysis to a variety of

systems. Levin, Usdin and Slonim (1968) used ATP as a means of

detecting microorganisms in aerospace water systems. Rudd and

Hamilton (1973) and Cavari (1976) used ATP concentrations to
estimate microbial biomass in aquatic lakes. Erkenbrecker and
Stevenson (1975) determined the influence of tidal flux on microbial
biomass in salt marsh creeks, based on ATP analysis. Patterson,
Brezonik, and Putman (1970) investigated the feasibility.of using

ATP levels as a means of determining microbial biomass in activated
sludge. Lee et at. (1971a, 1971b) measured ATP concentrations in

lake sediments, and Christian, Bancroft and Wiebe (1975), investigated

ATP levels in salt marsh sediments.

The determination of microbial activity in soils utilizing ATP
measurements has been an area of active research. MacLeod, Chappelle

and Crawford (1967) measured ATP concentrations in twenty-five
-7 'terrestrial soil samples whose values ranged from 1.2 x 10 to

-98.0 x 10 g ATP/g soil. These values are within the same range as 

the data of Table 13, whose ATP concentrations ranged from 2.2 x 10—6

i
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-9to 8.3 x 10 g ATP/g soil, and with Table 14 whose values ranged

from 3.58 x 10  ̂to 1.06 x 10  ̂g ATP/g soil. Doxtader (1969)
detected as little as 6.0 x 10 ^  g ATP/g soil, and the ratio of '
ATP to carbon content and dry weight of viable cells was fairly
constant. These findings indicated that ATP was a reliable measure
of microbial population. Later, Greaves et at.- (1973) investigated
microbial populations and ATP in basin peat. They found ATP con-

-8 -7centrations to range from 6.3 x 10 to 9.4 x 10 g ATP/g soil, 
which agrees with the work previously cited.

Recently, ATP research has been concerned with the development 
of extraction procedures yielding maximum concentrations of ATP. 

Holm-Hahsen and Booth (1966) working with marine sediments proposed 
the widely used hot Tris buffer method. However, problems inherent 

in the extraction of ATP from marine sediments made their method 
unreliable. When solids were submersed in liquids, a transition 
or boundary layer of liquid formed around the solid, and did not 

have the thermal characteristics of the bulk liquid (Knudsen and 

Katz, 1954). While the temperature of the bulk fluid was 100 C, at 

the solid's surface where bacteria were adhering, the temperature 
was considerably less. Patterson et at. (1970) indicated that if 
temperatures fell below 90 C the efficiency of ATP extraction with 

boiling Tris was greatly reduced. Lee et at. (1971) and Ausmus (1973),
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both found that a cold sulfuric acid extraction of ATP yielded 
superior results to that of hot Tris. However, cold HgSO^ intro
duced excessive amounts of sodium sulfate into the ATP extract, 
the procedure was time consuming, and the pH had to be closely 
monitored.

Bancroft et al. (1976) investigated the following methods of 
extracting ATP: . Boiling Tris buffer (Holm-Hansen and Booth, 1966), 

HgSO^ (Lee et al. , 1971), Octanol-Butanol (Sparrow and Doxtader, 
1973), HClO^ (Chapman, Fall and Atkinson, 1971) and NaHCO^ (Bancroft 
et al. , 1976). They found that when extracting ATP from sediments, 

Tris buffer, octanol-butanol, and cold HClO^ extractions gave poor 
recoveries (<65%). The sulfuric acid extractions yielded the highest 
ATP concentrations. However, because HgSO^ extraction resulted in 

the production of H^S and soluble sesquioxides, it was necessary to 

pass the extract through a cation exchange resin (Lee et at. , 1971). 
This was a time consuming additional step which lost about 25% of 

the ATP in the sample. Furthermore, extraction efficiency varied 

greatly from, sample to sample. Extraction with boiling NaHCO^ gave 
as much ATP as HgSO^ and sometimes significantly more. There was 
little sample-to-sample variability, and manipulation was minimal, 

Therefore, the NaHCO^ method appeared to be the best available 

method for ATP extraction.



71
ATP concentrations for the 1976 study plots of this study were 

always greatest at the surface, and values were always lowest at the 
bottom (Table 13), implying that microbial activity was greatest at 
the surface of the soil core. This seemed logical, since visual 
inspection of cores generally showed the upper portions of the cores 

to be darker than the lower sections, indicative of a higher organic 
content in the upper core portions.

Based on the data of Tables 17, 18, and 19 which compare one 

study plot to another on a core depth basis, surface values were 
more difficult to contrast than were either mid- or bottom depths. 
When the surface values of the six plots were compared, six of the 
fifteen possible paired comparisons showed no significant differences 

as compared to only two of fifteen possible paired comparisons for 

both the mid- and bottom depth values. Thus, it was more difficult 

to differentiate one study plot from another by surface values than 

by mid- or bottom depth values.

This is an important observation, since Stewart (1975), when 
attempting to differentiate study plots on the basis of surface 
treatments, was unable to demonstrate significant differences.
This may have been due to the fact that all of her samples were 

surface samples. Had she compared deeper soil samples, significant 

differences might have been demonstrated. For instance, when the
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three, spoils plots were compared as a group to the three native 
range plots on a core depth basis, there was a significant dif
ference (Table 20). The difference was most significant at the 
bottom depth, with the surface depth having the least significant 
difference. This suggests that spoils plots differed most from 
native range plots at deeper depths and least near the surface 

depths. The 1976 data supports Stewart's data, indicating that 
comparisons between reclaimed land and undisturbed (control) sites 
should be made at more than one depth.

The data of Table 21, which presents ratios, add
even more support to the above statements. Ratio values for the 
spoils' plots ranged from .823 to .896, while the native range 

plot ratio values were significantly lower, ranging from .235 to 
.626. These ratio comparisons showed significant difference between 

the spoils and native range plots (Table 23). Once again, signifi

cantly different comparisons were achieved when samples were taken 

from more than one depth.
The NRF plot's ratio was not significantly different from that 

of the Demo plot's (Table 22). A possible explanation is that the 

surface treatment of the Demo plot following mining was more inten

sive than that of the other two spoils plots. The Demo plot received 

a sub-topsoil layer of sand, an application of topsoil, and a large
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multiple fertilizer application. The Gouge plot was not topsoiled, 
and the TSG plot received less fertilizer than did the Demo plot 
(Table I). Also, of the native range plots only NKF had been fer
tilized. It appears then, that the fertilization process may affect 
spoils and native range plots similarly.

c__
Ratio values were higher for spoils than for native range 

plots because relative to corresponding surface values, ATP concen- 

■ trations of bottom samples were lower in the spoils plots than in 
the native range plots. A plausible explanation for this may be x 
that nutrients in the spoils plots had not yet moved down through 
the soil profile to the extent that they had in the native range 
plots, perhaps because the spoils plots had existed for only four 
years. Therefore, it may be possible to monitor soil development 
by measuring the difference in microbial activity from the surface 

to the bottom of a soil core, since this difference appears to be 

greater in spoils than in native range soils.. As spoils approach 

•an equilibrium state, and microbial activity becomes more uniform 

throughout the soil column, their ratio values should grow smaller.
I

In addition to the determination of ATP concentration in strip 

mine spoils, a second purpose of this study was to follow-up Stewart's 

(1975) investigation of these same spoils. Stewart used four tests 

to estimate microbial activity: respiration, phosphatase, pectinolyase,



74
and pectinolytic plate counts. From her data she was unable to 
differentiate spoils and native range soil. The only correlation 
found between the four tests was that of pectinolyase activity with 
the numbers, of pectinolytic bacteria, which was higher for native 
soils than for spoils.

To pursue this work, the four enzyme tests were again performed
J

on her soil samples, and on the 1976 soils. ATP analysis was also 
performed on both study soils. Eighteen of Stewart's nearly two 

hundred soil samples were selected for enzymatic and ATP deter

minations. The data from these tests are presented in Table 14, 
and the matrix analysis data are given in Tables 24 and 25. For 
the matrix analysis with N=18, all correlations needed to exceed 
0.486 to be significant at the 5% level. ATP values correlated 
with respiration and pectinolyase (Table 25), having correlation 

coefficients of 0.4920 and 0.5817, respectively. When ATP values 

were regressed against all other test values, a significant 

regression value of 3.62 was obtained (Table 26). These data 

suggest that ATP concentrations approximate the combined values 
of the other tests. When the same analysis was performed using 
respiration, regressing respiration against all other values, a 

non-significant value was observed. Respiration values did not, 

therefore, approximate all other test values.
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Similar analyses were performed on five of the fifty-four 1976 

plot samples (Table 15). Again ATP values correlated with respiration 
(Table 24), having a correlation coefficient of 0.9231 which is sig
nificant between the 2 and 5% level. This indicated that respiration 
and ATP values estimate similar microbial communities. When ATP 
and respiration values were regressed against all other test values, 
as they were with Stewart's soil samples, large F-statistic values 
were observed (Table 26). Normally such large F-statistic values 

would indicate significant regressions; however, there were so few 

residual degrees of freedom (1.0) that the probabilities for the 

F distribution were very low: 0.163 for ATP and 0.153 for respira
tion. Consequently, it can only be concluded that more replications 

need to be tested before significance can be demonstrated.
Speculation can be made, however, based on the 1975 soils, on 

the correlation between ATP and respiration, and on the high F- 

statistic of the 1976 soils, that ATP did estimate all other values; 
e.g., that the sum of respiration, phosphatase, pectinolyase and 

pectinolytic plate.counts could be predicted by ATP analysis. Of 
all the enzymatic tests performed, respiration showed the highest 

correlation to ATP values. Obviously, respiration and ATP were, to 
some degree, measuring similar communities. Since respiration was 

never able to approximate the sum of all the other values, one could
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postulate that ATP values were representing a greater portion of 
the microbial community than was respiration. Stewart's (1975) 
data supports such thinking because she demonstrated few regressions 
among the four enzymatic tests.

One can conclude that respiration, phosphatase, pectinolyase 

and pectinolytic plate counts did not estimate the same communities 
of the microbial population. Any attempt to predict one test result 

from the data of another test would, therefore, be difficult. The 
total of these four tests was to some degree representative of total 
microbial activity since there was a positive regression between the 
total and ATP values. If ATP data was estimating total microbial 

activity, complete positive regressions with enzymatic activity would 
require a total enzyme analysis which would not only be exhaustive 
with respect to both time and expense, but also nearly impossible 

since total enzymatic function of a soil microbial community had yet 

to be documented. Therefore, this study suggests that ATP measure

ments provide a good estimation of the total microbial activity in 
a soil and recommends that ATP analysis be employed where total 
microbial activity is of interest.



SUMMARY

Soil samples were collected from six study plots at Colstrip, 
Montana during July, 1976. Three of the study plots were naturally 
occurring, native range soils and the other three were spoils, which 
resulted from the disturbance caused by coal strip mining. Samples 
were collected using a 2 inch by 12 inch soil corer, frozen imme
diately, and returned to the laboratory for analysis.

The measurement of adenosine triphosphate (ATP) concentration 
was employed as the principal means of determining microbial activity 

in the soil samples. Investigations were conducted to maximize ATP 
concentration yields, and a modification of the procedure of. Bancroft 
et al. (1976) was found to give optimal yields with minimum variance. 

A DuPont 760 Luminescence Biometer was employed to measure ATP con

centrations.
The 12 inch soil cores were divided into three, 4 inch sections 

and analyzed for ATP content. In every instance ATP concentrations 
were significantly greatest in the surface 4 inches, lowest in the 
bottom 4 inches, with the mid-depth 4 inches having intermediate 

values. Also, the three native range soils had significantly greater 

concentrations than did the spoils. Thus, by using ATP concentration 

measurements, it was possible to differentiate the core depths, and 

to contrast native range samples from spoil samples.
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In addition to the ATP analysis of the 1976 study plots, several 

experiments were performed to pursue Stewart's (1975) Colstrip study. 
Respiratory activity (by measuring uptake on a Gilson respir
ometer), phosphatase activity, pectinolyase activity and the number

r

of pectinolytic bacteria were determined by Stewart on soil samples 
from the same study plots; however, she was unable to demonstrate 
consistent significant correlations among these tests, or to dis
tinguish spoils from native range soils. These, tests and ATP 
analysis were performed oh both Stewart's and the 1976 soil samples. 

For both soils the only correlations found to be significant among 
the five tests were those of ATP with respiration and ATP with the 

total of the other tests. These results suggested that respiration, 

phosphatase, pectinolyase, and pectinolytic plate counts each measure 
separate portions of the total microbial activity in a soil, and . 

that total microbial activity was quantitatively approximated by 

ATP analysis.
If land reclamation is to succeed, the surface of the spoils 

must be returned to a productive state. If left alone, however, 
this process would probably require a great deal of time. Man then, 

through the application of fertilizers, selective seeding, irrigation 

etc., can hasten soil genesis. In doing so, however, soil changes 
should be monitored, to determine how a particular land reclamation
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process is affecting a spoil. Since ATP analysis was able to 
differentiate spoils from native range soils, and differentiate 
core depths, then perhaps ATP analysis could be used to monitor 
the effects that various land reclamation processes have on total 
microbial activity. If it could, then ATP analysis would be an 
invaluable tool, whose use would greatly enhance the return of 
spoils to valuable, productive soils.
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