
OFR 
87-42 

OPEN FILE REPORT 42-87 ----
April 1 987 

Effects of Stockpile Storage on Topsoil Characteristics in Arid 
Climates 
By L. J Froisland, W. K. Tolley, and M. B. Shirts 

UNITED STATES DEPARTMENT OF THE INTERIOR 
DONALD PAUL HODEL, SECRETARY 

BUREAU OF MINES 
ROBERT C. HORTON, DIRECTOR 

MSHA LIBRARY 
P. 0. BOX 25367 
r,·:·:\ i'J f:"•R CO 8<1??5 

. ~ ! '1 \; .... ~ i , tj t:;.,,. _.. 1 

. 
. •· 



UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT 

cm centimet~r µg/g microgram per gram 
of soil 

oc degree Celsius meq/100g milliequivalents per 
100 grams of soil 

diam diameter min minute 
ft foot mL milliliter 
OF degree Fahrenheit mm millimeter 
g gram nm nanometer 
10 3 /g thousand counts per gram pct percent 
h hour ppm parts per million 
in inch s second 
kg kilogram yd yard 
L liter yr year 
M molar µSiem micro-Siemen per 

centimeter 

DISCLAIMER 

The views and conclusions contained in this document are those of the 
authors and should not be interpreted as necessarily representing the 
official policies or recommendations of the Interior Department's 
Bureau of Mines or of the U. S. Government. 



· REPORT DOCUMENTATION 1. REPORT NO. 

PAGE 

'- Title and Subtitle 

2. 

OFR 42-87 

Effects of Stocknile Storage on Topsoil Characteristics 
in A.rid Climate 

7. Author(s) 

Lawrence .T :Fro island, THlliam K. Tollev, and �onte B. Shirts

._ P'erformlna O,aanlzatlon Name and Address 

Salt Lake City R.esearch Center, BuMines 
U.S. ryepart�ent of the Interior 
729 Araneen Drive 
Salt Lake City, UT 84108 

1%. Sponsorlna Orsanlzation Name and Addrwss 
Office of Assistant Director--Minerals and Materials Research 
BuMines, U.S. Department of the Interior 
Washington, DC 20241 

IS.. Supplementary Notes 

J. Recipient'• Accnuon No. 

!L Report Date 
10-09-87

a. P9rformlnc Orpnizatlon Rept. No. 

10. Projec:t/THk/WOril Unit No. 

11. Contract(C) or Grant(G) No. 

(C) 

(G) 

11. Type of Report & P9riod Covered 
Open File Report 
1980-1987 

14. 

t-:------------------------------------------
16.. Abstract (Limit: 200 words) 

To aid in minimizing adverse environmental impacts of mining and mineral processing, th 
Bureau of Mines studied changes in soil characteristics in topsoil stockpiled during minin 
operations. Topsoil stockpiles in arid areas of New Mexico, Utah, and Wyoming were sample 
over a 1 - to 2-yr period to determine any changes in physical, chemical, or biologica 
parameters in the top 15 ft of soil. Parameters examined in this study included soi 
moisture, pH, electrical conductivity, and cation exchange capac 1 ty; total nitrogen 
organic carbon, carbon to nitrogen ratio, ex_tractable potassium, and- soluble phosphoru 
levels in the soil; general levels of bacteria activity in th·e ·soil; and productivity o 
the soil as measured by shoot yield in growth tests. 
Data were analyzed by multiple linear regression to determine possible effects of stockpil 
age and depth. Bacteria population counts, used as an indicator of general bacteria 
activity, was the only parameter found to be significantly correlated with stockpile ag 
and depth at more than one site. Bacterial activity increased with depth at the two site 
where it was measured. Activity increased with age at one site and decreased with age a 
the second. Significant changes in soil pH, electrical conduct! vi ty, and moisture wer 
significantly correlated with stockpile age and depth at single sites. This study did no 
show significant, consistent deterioration in soil characteristics or growth yield o 
topsoil stored in stockpiles. 
17. Document Analysis a. Descriptors 

17 a) Land reclamation 
Soils 
Soil fertility, stockpiles, soil properties 

II. Identifiers/Open-Ended Terms 

Topsoil storage 
Fertility loss 

c. COSATI Fleld/Group 

1a. A>rallablllty Statemen�Available from Jean Beckstead, Libra llecurlty Cless (This Report) 

Salt Lake City Research Center, BuMines, 729 
Arapeen Dr., Salt Lake City, UT 84108 2G.Sec:urltyClassCThlsPa•e> 

(See ANS�9.11) S.. laabvctlona on Reverse 

3 

21. No. of Pqn 

44

22.. Price 

OPTIONAL FORM 272 (4-m 
(F-1)< NTIS--35) 
Department of Commarn 



FOREWORD 

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

4 



Abstract ••••• 
Introduction 

CONTENTS 

Climate and description of 
Sampling procedures 

test sites 

Soil characteristics 
Physical analysis 
Chemical analysis 

Bulk chemical analysis 
Soil pH 
Electrical conductivity 
Cation exchange capacity 
Potassium and phosphorus 

Biological analysis ..•••• 
Dehydrogenase 
Bacteria and fungi populations 

Growth tests •••.••• 
Statistical methods •••. 

Results and analysis 
Value ranges ••••••.•••.•.•. 
Correlations and regressions 

NM •••• Farmington, 
Correlations 
Multiple regressions 

Kemmerer, WY 
Correlations 
Multiple regressions 

Ticaboo, UT 
Correlations 
Multiple regressions 

Correlation discussion 
Regression discussion 

Summary 
References 
Appendix A.--Statistical methods 
Appendix B.--Experimental data ••••.••.•••• 

ILLUSTRATIONS 

1. 
2. 
3. 
4. 

WY 

WY 

Topsoil stockpile near Farmington, NM ••••• 
Older topsoil stockpile near Kemmerer, 
Newer topsoil stockpile near Kemmerer, 
Topsoil stockpile near Ticaboo, UT 

7 
8 
9 

11 
15 
15 
15 
16 
16 
16 
16 
17 
17 
17 
18 
18 
19 
19 
19 
20 
21 
21 
21 
21 
21 
21 
25 
25 
25 
27 
29 
29 
31 
34 
35 

10 
12 
1 3 
14 

I 



CONTENTS -- Continued 

TABLES 

l. Range of parameter values for each stockpile site ••.•.•.• 20 
2. Simple correlations between measured soil 

characteristics; shoot yields in 1980, 1981, and 
1982 growth tests; and stockpile age and depth for 
stored topsoil from Farmington, NM •..••••••..••....•.••• 22 

3. Significant multiple-regression equations relating soil 
characteristics to stockpile age and depth at 
Farmington, NM . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . 23 

4. Simple correlations between measured soil characteristics; 
shoot yields in 1981 and 1982 growth tests; and stockpile 
age and depth for stored topsoil from Kemmerer, WY ••...• 24 

5. Significant multiple-regression equations relating soil 
characteristics and plant growth to stockpile age 
and depth at Kemmerer, WY ....•..••....••.......•....... 25 

6. Simple correlations between measured soil characteristics; 
shoot yields in 1981 and 1982 growth tests; and 
stockpile age and depth for stored topsoil from 
Ti ca boo , UT . . . . • . • . • . . . . . . • . • . . • • • • . . . . . . • . . . . • . . • . • • . • . 26 

7. Significant multiple-regression equations relating 
soil characteristics to stockpile age and depth at 
Ti ca boo, UT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

B-1. 1980 experimental data from Farmington topsoil 
samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

8-2. 1981 experimental data from Farmington topsoil 
samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

B-3. 1982 experimental data from Farmington topsoil 
samples . . . . • • . . . . . . . . . • . . . . . . . . . . . • . . . . . • . • . . . . . . . . . 38 

B-4. 1981 experimental data from Kemmerer topsoil 
samples . . . • . . . • • . . . . . . . . • . • . . . . . . . . • . . . . • • . . . . . . . . . . 40 

B-5. 1982 experimental data from Kemmerer topsoil 
samples . . • . • . . . . . • . . . . • . . . • . . . . . . . . . . . . . . . • . . . . . • . . • 41 

B-6. 1981 experimental data from Ticaboo topsoil 
samples .....•......•........••.....•....•••......•.. l.t3 

B-7. 1982 experimental data from Ticaboo topsoil 
samples . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . • • ij~ 

6 



Effect s of Stockpile Storage on Topsoil Characteristics 
in Arid Climates 

By L. J Froisland, 1 W. K. Tolley, 2 and M. B. Shirts 3 

ABSTRACT 

To aid in minimizing adverse environmental impacts of mining and 
mineral processing, the Bureau of Mines studied cha nges in soil 
characteristics in topsoil stockpiled during mining operations. 
Topsoil stockpiles in arid areas of New Mexico , Utah, and Wyoming were 
sampled over a 1- to 2-yr period to determine any changes in physical, 
che mical, or biological par am eters in the top 15 ft of soil. 

Parameters examined in this study included soil moisture, pH, 
electrical conductivity, and cation exchange capacity; total nitrogen, 
organic carbon , carbon to nitrogen ratio, extractable potassium, and 
soluble phosphorus levels in the soil; gen eral levels of bacteria 
activity in the soil; and productivity of the soil as measured by shoot 
yield in growth tests. 

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

characteristics or growth yield of topsoil stored in stockpiles. 

1 Group supervisor. 
2 Metallurgist. 

,
3 Research supervisor. 
All authors are with the Salt Lake City Research Center, Bureau of 

Mines, Salt Lake City, UT. 
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INTRODUCTION 

Over 150,000 acres of land in the United States are stripped each 
year to extract coal and other minerals lying beneath the surface. 
Because surface mining is usually the most economical method of 
recovering coal in the Western United States, land-stripping is 
expected to increase significantly as the United States expands its 
domestic energy program in the next decade. Large tracts of strippable 
coal deposits lie west of the Mississippi River, where arid climates 
and relatively infertile soils can pose significant reclamation 
problems. Coal surface mining began in the Western United States in 
the early 1900's; large-scale mined land reclamation began only within 
the last t~o decades. By 1980, 4 million acres of land or nearly 0.2 
pct of this country's total area, had been disturbed by surface mining; 
but only 55 pct of the disturbed area had been reclaimed <.!3).,. 
Unreclaimed areas often remained as barren piles of mine spoils, 
subject to wind and water erosion, and contributing to air and water 
pollution. 

4Underlined numbers in parentheses refer to i terns in the list of 
references at the end of this report. 

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

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

Previous research on stored topsoil was conducted in North Dakota 
(l.2,, 24), Wyoming (25), and in England (~, 12.). Results showed 
decreases in biological activity in stored topsoil; but the changes 
occurred very slowly, sometimes taking 10 yr or more to be noticeable. 
Other parameters such as cation exchange capacity also tended to be 
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lower in stored soils than in undisturbed soil. Changes occurring in 
stored topsoil in these areas where normal annual precipitation is 17 
in or more (2, 16, 25), could be different than changes occurring in 
some parts or the Western United States where annual precipitation is 
much less. 

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

CLIMATE AND DESCRIPTION OF TEST SITES 

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

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

The climate in this area is arid with precipitation averaging about
7. 5 in annually. Mine officials stated th at a v  er age annual
precipitation at the mine site is 6.6 in. Mean temperatures range from
76 ° Fin the summer to 29 ° Fin the winter Cl.I)·

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

Kemmerer, WY - The Kemmerer coal strip mine, Pittsburg and Midway Coal 
Mining Co., lies approximately 5 miles southwest of Kemmerer. Shale is 
the predominant parent rock for soil in this area. The elevation is 
approximately 6,900 ft in a high plains desert with mostly sagebrush 
and juniper tree vegetation. Sagebrush ground cover is dense except 
for rocky outcroppings, which are barren. 
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The climate in this part of Wyoming is arid with precipitation 
averaging about 9.5 in annually. Mean temperatures range from 63 ° Fin 
the summer to 17 ° Fin the winter (l2_). 

Two stockpiles were selected for sampling at this site. One had 
been in place for about 7 yr; the other about 2 months when sampling 
started. Each stockpile is 20 to 25 ft high and covers about 1 acre. 
The stockpiles, pictured in figures 2 and 3, are about �00 yd apart and 
contain soil from the same hillside. Stripping commenced on the 
hillside in one direction in 1972; 7 yr later, stripping commence d from 
the same point in the opposite direction. Vegetation on the older 
stockpile consists of weedy plants and some grasses, while the newer 
stockpile was barren throughout the study period. Data from the two 
s tockpiles were combined for statistical analysis. 

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

The climate at this site is arid with precipitation averaging about 
8 in annu ally. Mean temperatures range from 81 ° Fin the summer to 
40 ° F in the winter (�). 

Topsoil was stripped from the mill site in 1978 prior to 
construction and stockpiled in a small "Y 11 shaped canyon nearby. This 
topsoil will be spread over the uranium tailing ponds as they are 
filled and over the mill site after d ecommissioning and 
decontamination. 

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

SAMPLING PROCEDURES 

Topsoil stockpiles at all three sites were sampled down to 15 or 16 
ft. Samples collected at 1-ft intervals were sealed in plastic bags as 
quickly as possible and kept sealed until tested and analyzed. 
Sampling in 1980 at the Farmington site was done with a 2-1/2-in-diam 
hand auger. Later samples were taken with a 4-in-diam hyd raulic auger. 
Several sample holes were drilled at each site to provide mean values 
for measured characteristics. 
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Farmington - Eleven sets of drill samples were taken and analyzed over 
a 2-yr period. Two sets were taken in 1980 using the hand auger. 
Three sets were taken in 1981 using the hydraulic auger, one from each 
of the same areas as those in 1980, and one from a different area of 
the pile. In 1982, six holes were drilled, three around each of the 
two 1980 drill sites. Because the origin of the soil in this stockpile 
was not known, no undisturbed soil samples were taken from this site. 

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

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

SOIL CHARACTERISTICS 

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

PHYSICAL ANALYSIS 

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

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

CHEMICAL ANALYSIS 

Chemical properties monitored over the test period included bulk 
chemical analysis, soil pH, electrical conductivity, and cation 
exchange capacity. Samples for analysis were taken froo each of the,­
ft-interval samples. 
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Bulk Chemical Analysis 

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

Soil pH was determined for each of the 1-ft-interval samples using 
0.01~ CaC1 2 solution in a 1:2 soil-to-solution ratio. Slurries were 
agitated for 30 min and then allowed to settle for 30 min. The pH 
measurements were taken with the electrode tip immersed in the settled 
sediment. This method has several advantages (22): 

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

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

3. The soil pH measured in 0.01~ CaC-1 2 represents more 
nearly the soil pH under actual field conditions. 

Electrical Conductivity 

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

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

Cation Exchange Capacity 

Cation exchange capacity (CEC), defined as the amount of 
exchangeable cations per unit weight of soil, was measured and recorded 
in milliequivalents per 100 grams of soil (meq/100 g). The CEC was 
measured using a silver thiourea {AgTU) extraction process followed by 
chemical analysis of the extract (23). The only cations found to 
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contribute significantly to the CEC in the soils from the three sites 
were sodium, potassium, magnesium, and calcium. Tabulated values are 
based on these four elements. 

Potassium and Phosphorus 

Available potassium and soluble phosphorus may be determined by 
extraction with water, weak acids, or salt solutions (8). Exchangeable 
potassium and soluble phosphorus levels in this investigation were 
determined in the same AgTU extractions used for cation exchange 
capacities. Levels of AgTU-extracted potassium and phosphorus provided 
relative value series for evaluating changes in availability of these 
elements among samples. Results from these analyses are reported as 
concentration in the extract. 

BIOLOGICAL ANALYSIS

Biological activity in the topsoil stockpiles was monitored by 
dehydrogenase analysis and by agar plate population counts for both 
bacteria and fungi. Samples for these determinations were taken from 
each 1-ft-interval soil sample. 

Dehydrogenase 

Dehydrogenase activity, or the ability of some microbes to reduce 
2, 3, 5-triphenyltetrazolium chloride (TTC) to a red formazan dye in 
the absence of oxygen, was used as an index of general soil 
microorganism activity (4). The procedure followed in this study was a 
modification of a rapid procedure developed to follow microbe activity 
in disturbed soils (13). Duplicate samples were weighed out and mixed 
with a solution containing 24 g/L ITC and 50 g/L dextrose, which 
provided a source of organic carbon for the soil microbes. Soil 
weights and solution volumes yielding the highest microbial response 
were determined for each soil type before analyses were begun, and 
these weights and volumes for each soil were held constant from year to 
year to permit comparison of the data. Solution volumes were 
sufficient to immerse the soil samples and thus exclude oxygen from the 
soil. 

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

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

The specific procedure was as follows: Soil, wei~ed to yield 20 g 
dry weight equivalent as determined by the soil moistire measurement, 
was added to 80 g of sterile, demineralized water. T:':11? slurry was 
agitated with a wrist shaker for 4 h. These suspensio.:::is were diluted 
in series as follows: 1 :50; 1 :250; 1 :500; 1 :2500; 1 :5DO0; 1 :1X10"; 
1 :5X10"; 1 :1X10 5

; 1 :5X10 5
; and 1 :1X10 6

• Three replicate pour plates 
per dilution were prepared for each sample. One milli:iter of diluted 
slurry was pipetted into a sterile 100 by 15 mm Petri jish. Twenty 
milliliters of sterile peptone-glucose agar were pour~: into the Petri 
dish and swirled into the sample. The plates were a::owed to 
solidify, then inverted and placed in an incubator at 28° C for 96 h. 
Generally, only plates showing 50 to 150 colonies per ~late were 
selected for counting. When the number of colonies di: not fall into 
this range, the lowest dilution was counted. Bacteria and fungi 
colonies were counted separately. Reported data are ~~e mean values of 
all replications from each dilution counted. 

GROWI'H TESTS 

Tall wheatgrass was seeded into soil samples as a neasure of 
productivity for the stockpiled topsoil. Undisturbed soil samples from 
both Kemmerer and Ticaboo sites were included in the ~wth testing. 
Undisturbed soil was not available from the Farmingtoc: site. The age 
of these undisturbed samples was taken to be 110 11 (zero'., with respect to 
the stockpiled soil regardless of the year in which t~y were 
collected. Because of the relatively small amount of soil obtained 
from each 1-ft interval in the sample holes, most s~~:es taken in 1981 
and 1982 were combined into 2-ft intervals for the grCGo~h tests. Thus, 
growth testing was done with soil from depths of O tc 2 ft, 2 to 4 ft, 
etc. Most of the sample holes extended past 15 ft dee~ and the excess 
soil was used in the 15-ft-deep growth test. The two soil samples 
combined for each test were thoroughly mixed, and app~oximately 5 kg 
was placed in a planting box measuring 23 by 17 by 12 :::::i. 

In growth tests performed on soil samples collectej in 1980 and 
1981, 20 tall wheatgrass seeds were planted in each t,:::x. The boxes 
were placed in a greenhouse and the plants were groW!: ~or 8 weeks. At 
the end of that period, the shoots were clipped, driej, and weighed to 
determine dry matter production. In 1982, the procec:re was modified 
because there was no greenhouse available. One gram=~ seeds 
(approximately 175 seeds) was planted in each box; trr- boxes were 
maintained under fluorescent lights in the laboratory; and the growth 
period was shortened to 5 weeks because of decreased 2Tailable space. 
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These procedural changes prevent comparison of 1980 and 1981 
productivity data with 1982 productivity data, but correlation of other 
parameters with growth for each year and correlation of growth data 
with stockpile depth is still justified. 

STATISTICAL METHODS 

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

RESULTS AND ANALYSIS 

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

VALUE RANGES 

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

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

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

• EC levels at all three sites are in the nonsaline
classification of less than 4,000 µSiem.

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

• Shoot yields were lower in the sandy Ticaboo soil under both 
sets of growth conditions than for either of the other two 
soils. 

TABLE 1. - Range of parameter values for each stockpile site 

Parameter ranges 
Parameter Farmington Kemmerer 

High Lo-w High Low 
Ti ca boo 

High Low 

Generally accepted 
agri cult ura 1 
soil values 

Moisture content ... pct .. 18.7 3.6 
Total nitrogen ..... pct .. . 17 . 01 
Organic carbon ..... pct .• . 9 0 
Carbon-nitrogen ratio 2 

•• 50 0 
Soil pH ................ . 8.7 6.9 
Electrical conductivity,· 

i.iSI cm. • • . . . . . . . . • . . . . . . 3500 115 

1 
3 
0 

Cation exchange capacity 
... meq/100 g ......... . 

Available potassium,ppm. 
Soluble phosphorus,ppm .• 
D~hydrogenase ..... mg/g .. 
Bacteria counts .. 10 3 /g .. 
Fungi counts ..... 10 3 /g .. 
Shoot yield, g 

1 980 . ................ . 
1 981 ................. . 
1 982 . ........•........ 

34. 1 
61 

1 

18.3 
315 
223 

5.61 
6.37 
3.24 

0 
• 1 6 

• 4 

,39 
.54 
. 15 

1 Below detection l1m1ts 1n all samples. 

16.4 1.5 
,33 .01 

6.6 .2 
220 

7,5 

960 

15. 4 
37 
1.3 

24.3 
2465 

865 

ND 
8. 14 
3,39 

,. 1 

3,4 

20 

4.2 
2 
0 
0 

.04 
2.4 

ND 
,93 
.88 

10.9 1.2 
(1) (1) 

2.0 0 
ND 

8., 
220 

6.5 
8 
1 
5,3 

29.5 
li, • 5 

ND 
1.23 
1. 15 

ND 
6.7 

60 

2.4 
2 
0 
0.03 
1.3 
2.2 

ND 
.42 
. 51 

2 0btained by dividing organic carbon content by total nitrogen content. 
ND Not determined. 
NA Not available. 

CORRELATIONS AND REGRESSIONS 

NA 
0.05-.25 

2-6 
NA 

4-8 

<11,000 

50-60 
NA 
NA 
NA 

-4,000 
-1,000 

NA 
NA 
NA 

Correlations among measured soil characteristics, plant growth, and 
stockpile parameters of age and depth were determined by statistical 
analysis of raw data from each site. Each measured characteristic and 
the plant growth parameter of shoot yield were regressed on stockpile 
age and depth in a multiple linear regression analysis using age and 
depth as independent variables. Significance correlation levels of 5 
and 1 pct are noted in the tables. Data from each site are presented 
in this section along with a discussion of similarities among sites. 
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Correlations 

Farmington, NM 

Simple linear correlations among soil characteristics, plant growth 
as measured by shoot yield, and stockpile age and depth for topsoil 
samples from the Farmington stockpile are shown in table 2. Soil pH 
had the strongest correlations of any factor in the Farmington samples. 
The correlation coefficient between pH and age was a negative 0,734, 
indicating that the pH decreased in this pile over time. Even though 
the soil pH at the end of the testing period was still approximately 
7.5, the decreasing trend may signal future acidity problems if the 
topsoil is stored over a long period of time. 

Multiple Regressions 

Data derived from Farmington soil samples yielded only one 
significant multiple-regression equation. This equation, shown in 
table 3, relates soil pH to stockpile age and depth and shows that pH 
decreases with stockpile age and increases with stockpile depth. The 
overall correlation coefficient of 0,594 indicates that other factors 
besides age and depth are also affecting the pH level, thus lessening 
the value of this equation as a predictor of pH in the Farmington 
stockpile. 

Kemmerer, WY 

Correlations 

Simple correlations among the soil factors, plant growth, and 
stockpile age and depth for soil samples from Kemmerer, WY, are shown 
in table 4. Of interest is the positive correlation between shoot 
yields and stockpile age. This correlation indicates that plant growth 
increases as soil stockpiles age and does not agree with the hypothesis 
that fertility decreases from stockpile aging. 
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N 
N 

Ccrrelation 
ehrnents 

Sh:x)t yield, 1980 ••••• 
Sh:x)t yield, 1981 ••••• 
Sh::x>t yield, 1982 •••• : 
Moisture oontent •••••• 
Total nitroga-1 •••••••• 
Organic carbcn •••••••• 
C-N ratio ••••••••••••• 
Soil }ii . .............. 
Ex:; •••••••••••••••••••• ~- .................. 
Available potassiun ••• 
Soluble pln3Ji):rU3 •••• 
Dehyctrogenase ••••••••• 
Bacteria p:>pulatiai 
counts. 

Fu,gi p:>pulatiai 
oounts. 

TABLE 2. - Simple oorrelations between measired soil characta-istics; 
smot yields in 1980, 1981 , and 1982 growth tests; and stockpile 
age and depth fer stcred topsoil fron Fannington, NM 

Stock- Stock- Fu,gi Bacteria Soluble Avail-
pile pile popr popr Dehydro- J:h:)s- able CEC EC Soil C-N 

oopth age latioo latioo genaae ph(rus po~iun µi ratio 
OOU1ts OOU1ts 

. 1+5 2_ - - - - - +1 - - -
- - - - - - - +1 +5 - -
-1 - - +5 - - +1 -1 -1 -1 -
+1 - - - +5 - - - +1 - -
+1 -1 - - +1 - +1 - - +1 -1 
+5 - - - +5 - +5 - - - +1 
- +1 - - - - - - - -5 
+1 -1 - -1 - -1 - +1 +1 
+1 - -5 -5 - - -1 +1 
+5 -5 - -5 - - -1 
- -, +1 +5 +1 --5 
- +1 - - -
+1 - +1 +1 

- - +1 

- -

Org:mic Total Moistire 
carboo nitroge, oontent 

+1 +5 +5 
- +5 -
- - -
+1 +1 
+1 

Entries indicate s1gn1rioa.nt level or cxrrelatioo and whethEr cxrrelation ie positive cr negative. Fer exanple, the 
oorrelat1oo between rroisture oohtent and stockpile depth ie p::ieitive and is s1gnif'1<Mt at the 1 pct level. 

2 Dashed entry indicates that cxrrelaticn was oot significant at the 5 pct level. 



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

Regression equation R 

0.594 

1�Significant at 1 pct level. 
2 Y = level of subscripted soil characteristic. 
3 X 1 = stockpile age in years.
�x

2 
= stockpile depth in feet. 
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N 
.i:,-

Ccrrelation 
elements 

Sooot yield, 1981 ••••• 
ShJot yield, 1982 ••••• 
Moisture content •••••• 
Total nitrogen •••••••• 
Or~c carbon •••••••• 
C-N ratio ••••••••••••• 
Soil Jii ••..........•.. 
EX: •••••••••••••••••••• 
<:::EX: ••••••••••••••••••• 
Available potassiun ••• 
Soluble phasph:rus •••• 
Dehydrogenase ••••••••• 
Bacteria poµil.atioo 
oomts. 

Fl.flgi p:>µil.atim 
co1.11ts. 

TABLE 4. - Simple oorrelat10!13 between meas1red soil characteristics; 
sh:x>t yields in 1981 and 1982 grOrlth tests; and stockpile age and 
depth fer stcred topsoil fron KE!IIIIErer, WY 

Stock- Stock- FLl1gi Bacteria Soluble Avail-
pile pile popr poµ.i- Dehydro-- µns- able CEC EC Soil C--N 

depth age latim latim genase parus pota.ssiun Iii ratio 
OOlJ'lts 001.11ts 

1+1 +1 2_ - - +1 - -5 -5 - -
- +1 +5 +1 +1 - - - - - -
+1 - - - - - +5 +1 +1 - -
- - +1 - +1 - +1 +1 - -5 -1 
- -, - - +1 - - +1 - - +1 
- - - - - - - - -
- +1 - +1 +1 - +1 +5 -
+1 -1 - - -- - - +1 
+5 +5 ~ - +1 - +5 
+1 +1 - - +5 -
+5 +5 - - -
- - +1 +1 

+1 +1 +1 

+1 -

Or~ic Total t-bisttre 
carbcn nitrogen a:ntent 

- - -
- - -
+1 +1 
+1 

Entries indicate significance level of ccrrelation and whether ccrrelation is positive er negp ive. Fer exanple, the 
correlation between rroisture oontent and stockpile depth is !X)Sitive and is significant at the 1 pct level. 

2Dashad entry indicates that ccrrelaticn was not significant at the 5 pct level. 



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

Regression equations 
2 YEc = 174.14 - �21 ,63X 1 + �13.33X 2

Ybacteria = 29.73 + 41 .98X 1 + 17.29X 2 

Y1981 shoot yield = 1.52 + 0.29 X1 + 0.12X2
Y1982 shoot yield = 1.72 + ,057 X1 - .026 X 2

1Significant at 1 pct level.

R 

0.205 
.217 
.426 
.193 

20.52 
22.09 
20.7.ll 
11. 92

2 Y = level of subscripted soil characteristics or plant 
growth parameter. 

3 X
1 = stockpile age in years.

�x 2 = stockpile depth in feet. 

Correlations 

Ticaboo, UT 

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

Multiple Regressions 

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

TABLE 6. - Simple correlations between meamred soil d'laracteristics; 
sh::lot yields in 1981 and 1982 gr<:Mth tests; and stockpile age and 
depth fer stcred toJ:'6()11 fran Timl:xlo, UT 

Stock- Stock- Flflgi Bacteria Soluble Avail-
Ccrrelatioo pile pile pop.r pop.1- Dehydro- pros- able CEC EC Soil 

elements depth age laticn laticn genase ph:rus potassiun Iii 
ootnts oounts 

ShJot yield, 1981 ••••• 1_1 -1 ' 2_ - +5 - - -5 -1 +1 
Sh:x>t yield, 1982 ••••• - - - - - - - -5 - -
Moisture oontent •••••• +1 +1 +5 - - - - +1 +1 -
Organic car boo •••••••• - - - - - - - - - -
Soil pi .. ............. - - - - - - - -
EI::, ••••• ••••••••••••••• - +1 - -1 - +5 +1 +1 
me . .................. - +5 - - - - +1 
Available potassiun ••• - - - - +1 -
Soluble ph:eph:rus •••. - - - - -
Dehydrogenase ••••••••• - -1 +1 +1 
B:lcteria JX)µ.il.atim 
ootnte. +1 - +1 

Ftng1 JX)µ.il.aticn 
ootnts. +1 -

Org:mic Moistire 
carboo oontent 

- -1 
- -
-

1Entries indicate significance level of correlatioo and whether ccrrelation is positive er negative. Fer 
example, the oorrelation between rroistire oontent and stockpile depth is JX)Sitive and is significant at the 1 pct 
level. 

2Dashed entry indicates tmt oorrelatioo was mt significant at the 5 pct level. 



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

Regression equations R 

zymoisture = 3,03 + 3 0,060X 1 + �0.13X
2

Ybacteria = 14.55 - 2.�3X1 + 92X2 
0.527 

,367 

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

1 
s stockpile age in years. 

�x 2 
= stockpile depth in feet. 

Correlation Discussion 

47,34 
18.26 

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

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

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

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

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

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

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

• Total nitrogen - organ! c carbon. This correlation suggests that 
nitrogen in the soil is associated with organic material as a 
result of plant material inclusion or microbial activity in the 
stockpile. 

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

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

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

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

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

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

The increase of bacteria levels with depth does not agree with 
results obtained by previous researchers (2, 15); but as has been 
pointed out, bacteria levels change very slowly in soil, often taking 
10 years or more to show significant changes. Since none of the 
stockpiles at Kemmerer or Ticaboo were over 8 years old and most were 
less than 2 years old, changes in bacteria populations may not be 
significant. This factor coupled with the heterogeneous nature of the 
stockpiles may account for this disagreement. 

SUMMARY 

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

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

At Kemmerer which is furthest north and highest in elevation of the 
three sites, stockpile age and depth increased plant growth, as 
measured by shoot yield in laboratory tests; but the multiple 

I 

regression coefficients are very small and indicate that unmeasured 
variables also affected growth. Growth data from Ticaboo yielded 
insignificant relationships, arid data from Farmington were insufficient 
for statistical comparison. 
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Results from this study show that a much more rigorous study is 
needed to determine effects of stockpiling topsoil. A study should be 
done over a 10- to 15-year period that includes laboratory growth tests 
under closely controlled conditions along with growth tests in the 
field. Ideally, an area should be sampled before stripping so that the 
original state of the soil can be determined. Results from such a test 
would yield a much better unders tan ding of the changes in soil 
characteristics and resultant changes in soil fertility. With the 
expected increase in strip mining, both for coal and non-fuel minerals, 
such understanding is vital to maintaining environmental stability 
around mining sites. 
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APPENDIX A.--STATISTICAL METHODS 

Statistical Tests 

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

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

Regression Equations 

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

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

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

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

Tables B-1 to B-3 show experimental data from topsoil samples 
collected from the Farmington site in 1980, 1981, and 1982, 
respectively. Tables B-4 and B-5 show experimental data from topsoil 
samples collected from the Kemmerer site in 1981 and 1982, 
respectively. Tables B-6 and B-7 show experimental data from the 
topsoil samples collected from the Ticaboo site in 1981 and 1982, 
respectively. 

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

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

Dehydrogenase is reported as micrograms of formazan produced per 
gram of dry soil (µg/g). Bacteria and fungi population counts are 
reported as thousand counts per gram of dry soil (10 3 /g). 
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Sanple Soil 
depth, nnisture, 

ft t 

1.3 6.2 
2.8 5.1 
4.2 ND 
5.5 ND 
6.9 9.5 
8.1 10.5 
9.2 ND 

10.5 10 
11.7 ND 
12.8 10.5 
13.9 10.4 
15.3 ND 

.4 4.5 
1. 9 6 
3.3 6.7 
4 6 
5.4 7.9 
6.7 7.4 
8.1 8.4 
9.4 12.4 

10.4 10.4 
11.4 13.5 
12.7 14.5 
13.8 9.7 
14.8 10.3 

TABl.E B-1. - 1980 e.xper:immtal data fran Fanningt:on topsoil sanples, 
1.5-yr stockpile age 

Soil EC, CEC Total Organic C;N Extractable Solt.ble Dehydro- Bacteria Fungi Shoot 
}ii µS/m neq/100 g N, C, ratio K, P, genase, cotmts, yield 

t t 1~ 
rR1lL H)I.E 1 

6.9 320 16.50 0.03 0.5 15.0 ND N} ND ND ND 1.12 
7.9 280 13.48 .OS .4 8.6 ND N} ND ND ND 0. 75 
7.9 140 11.38 ND ND ND ND N} ND ND ND .55 
8.1 210 11.19 ND ND ND ND ND ND ND ND 1.14 
8 250 12.97 .OS .5 10.4 ND ND ND ND ND .61 
8 270 8.67 .OS .5 9.6 ND Nil) ND ND ND .39 
8.6 220 9.67 ND ND ND ND ND ND ND ND 1.01 
8.5 420 11.62 .06 .5 8.8 ND ND ND ND ND .64 
7.8 210 10.03 ND ND ND ND ND ND ND ND 1.30 
8 530 10.81 .06 .5 8.8 ND Ni) ND ND ND 1.20 
8.3 2,260 20.54 .<¼ .5 13.5 ND m ND ND ND 1.84 
7.9 400 20.71 ND ND ND ND ~ ND ND ND 2.49 

rR1lL l:01.E 2 
8.4 171 ND .05 .3 6.9 ND .05 ND ND ND 1.42 
8.3 298 ND .05 .4 7.2 ND .C9 ND ND ND 1.27 
8.3 207 ND .06 .5 8.3 ND .10 ND ND ND .95 
8.4 170 ND .OS .6 11.4 ND .13 ND ND ND .95 
8.2 no ND .<¼ .3 7.8 ND .10 ND ND ND .74 
8.3 146 ND .C¼ .3 8 ND .10 ND ND ND .94 
8.3 152 ND .03 .3 9.7 ND .C9 ND ND ND .92 
8.1 802 ND .<¼ .5 11.S ND .10 ND ND ND 1.09 
8.4 254 ND .OS .5 10.4 ND .07/ ND ND ND 2.28 
8.3 355 ND .09 .8 9.3 ND .00 ND ND ND 5.61 
8.1 293 ND .08 .9 11.4 ND .OB ND ND ND 2.14 
8.5 3li4 ND .06 .6 9.3 ND .00 ND ND ND 1.92 
8.7 442 ND .17 .6 3.6 ND .15 ND ND ND 2.34 

ND Not detennined, sanple IDt: available. 
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TAm.E B-2. - 1981 experimmtal data fran Fanni:ngton topsoil Satl\)les, 
2.5-yr stockpile age 

San:ple Soil Soil Er:, CEC Total Organic C;N EK.tract.able Solwle Dehydro- Bacteria F\.Jngi. Sroot 
depth, 110isture, };ii µS/crn tooq/100 g C, ratio K, P, genase, co.m.ts, yield 

ft t t 1<>3 
rRilL IDIE 1 

1 3.9 7.9 244 9.52 0.07 0.6 8.8 55 ND ND ND ND 6.37 
2 3.9 7.8 257 ND .07 .4 5.7 ND ND ND ND ND 6.37 
3 4.1 7.8 229 ND .07 .6 8.5 ND ND ND ND ND ND 

4 4.5 7.8 243 ND .<¾ .5 10.2 ND ND ND ND ND ND 

5 5.9 7.9 359 ND .05 .4 7.8 ND ND ND ND ND ND 
6 6.5 8.1 438 ND .<¾ .2 6.4 ND ND ND ND ND ND 

7 9.1 8 398 ND .<¾ .5 10.5 ND ND ND ND ND ND 
8 10.5 8.1 620 ND .<¾ .4 10.8 ND ND ND ND ND ND 

9 11.3 7.9 1,620 ND .05 .5 10.2 ND ND ND ND ND ND 
10 8.5 7.9 1,280 ND .<¾ 0 0 ND ND ND ND ND ND 

11 6.8 7.9 269 ND .<¾ .8 22.6 ND ND ND ND ND ND 
12 8.8 7.8 1,990 ND .<¾ .4 11.9 ND ND ND ND ND ND 

13 8.0 8 2,560 ND .<¾ .3 9.2 ND ND ND ND ND ND 
14 9.0 8.1 3,500 ND .03 .3 9 ND ND ND ND ND ND 

15 6.7 8.2 3 330 ND .02 .2 8.6 ND ND ND ND ND ND 

rRilL IDIE 2 

1 10.4 8.1 162 11.70 .05 .5 10.6 21 0.2 0.64 ND ND 1.12 
2 10 8.1 248 12.10 .05 .6 11.6 25 0 .18 ND ND 1.12 
3 6.6 8.1 168 10.92 .<¾ .7 17.7 10 0 .16 ND ND 0.82 
4 5.7 8.1 213 10.64 .03 .4 12.9 21 .2 .60 ND ND .82 
5 7.2 8 171 8.23 .03 .3 10.4 22 0 .72 ND ND 1.16 
6 9 8 219 9.05 .<¾ .3 8.5 37 0 3.21 ND ND 1.16 
7 10 8 190 8.53 .05 .6 12 11 0 .38 ND ND .54 
8 9.7 8.1 432 10.55 .03 .4 12.8 17 .2 .68 ND ND .54 
9 12.6 8.1 960 16.72 .03 .3 9.1 4 .1 1.53 ND ND 1.70 

10 10.4 8.3 495 10.33 .<¾ .3 7.2 22 .1 1.17 ND ND 1.70 
11 8.2 8.3 340 10.45 .03 .2 48 28 0 1.08 ND ND 1.37 
12 9.8 8.2 186 10.16 .<¾ .7 16.6 31 .2 2.25 ND ND 1.37 
13 12.4 8.1 392 11.44 .08 .6 7.9 61 .1 2.25 ND ND 3.16 
14 12.6 8.1 1,395 20.63 .05 .5 11 15 0 2.09 ND ND 3.16 
15 9.5 8.3 2.600 34.12 .03 .5 18.6 8 0 1.33 ND ND 5.12 

rRilL IDIE 3 

1 3.6 8.3 210 9.78 .02 .2 9.6 7 0 1.37 ND ND .94 
3 4.6 8.2 605 13.10 .03 .4 11.2 20 0 .80 ND ND 1.08 
4 6.1 8.1 209 10.78 .<¾ .5 11.9 15 0 1.0!. ND ND 1.08 
5 6.9 8.2 262 11.36 .03 .5 13.2 8 0 .26 ND ND .58 
6 9.4 8.1 219 10.30 .<¾ .5 11.2 21 0 1.41 ND ND .58 
7 8.8 8.1 198 10.03 .<¾ .4 10.3 41 0 3.01 ND ND .80 
8 13.6 8 283 10.44 .06 .5 7.4 40 0 2.17 ND ND .80 
9 13.7 8 270 11.11 .06 .6 9.4 37 0 1.69 ND ND ND 

10 9.9 8.1 438 13.41 .02 .5 26 20 .6 .88 ND ND ND 
11 10 8.1 350 11.05 .03 .4 14 13 0 .92 ND ND .69 
12 7.9 8.1 290 10.64 .<¾ .5 13 30 0 1.21 ND ND .69 
13 7.9 8.1 550 11.23 .07 .9 14.2 24 0 .48 ND ND .63 
14 9.2 8.2 390 12.10 .05 .3 6.2 16 0 .80 ND ND .63 
15 14.1 8.1 775 16 .05 .7 14 8 0 .80 ND ND 1.97 

ND Not cletenni.ned, sanple mt available. 
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Sa:Iple Soil Soil 
depth, noisture, i:H 

ft TY't 

1 18.7 7.5 
2 9.4 7.5 
3 4.9 7.4 
4 5.7 7.4 
5 10.8 7.5 
6 5.8 7.6 
7 6.5 7.5 
8 7.2 7.5 
9 8.3 7.5 

10 9.5 7.5 
11 5 7.5 
12 4.2 7.6 
13 8.4 7.6 
14 12.2 7.6 
15 12.2 7.5 

1 16.9 7.7 
2 5.2 7.6 
3 4.9 7.7 
4 6.6 7.4 
5 10.9 7.5 
6 6.8 7.5 
7 7.7 7.6 
8 8 7.5 
9 10.3 7.5 

10 11.2 7.5 
11 10.4 7.5 
12 13 7.6 
13 9.7 7.6 
14 13.2 7.5 
15 14.2 7.7 

1 6.7 7.3 
2 5.5 7.5 
3 5.5 7.6 
4 3.9 7.6 
5 5.6 7.6 
6 15.9 7.6 
7 5.7 7.5 
8 5.2 7.6 
9 3.7 7.7 

10 8.9 7.7 
11 6.2 7.6 
12 5.9 7.6 
13 8.9 7.6 
14 9.5 7.7 
15 13.2 7.7 

TABIB B-3. - 1982 experiirental data fran Farmington topsoil sariples, 
3.5-yr st:ocl<pile age 

EC, CEC Total Organic C/N EK.tractable Solwle Dehydro- Bacteria 

µS/crn req,1100 g N, C, ratio K, P, genase, CCA.l[lts' 

net net nan 1Jl"ITI Urllrz. la3 /rz. 
IRIIL HJI.E 1 

240 8.36 0.05 0.5 10.0 3 0.52 1.53 90 
183 8.97 .OS .5 10 15 .03 2.33 135 
145 11 ,(¼ .7 17.5 25 .45 3.48 70 
170 11.31 ,(¼ .5 12.5 16 .97 2.20 40 

1,300 19.17 ,(¼ .5 12.5 9 .78 1.38 27 
480 9.97 .03 .3 10 11 1 2.60 47 
135 8 .03 .2 6.7 16 .45 2.40 34 
130 7.85 .02 .1 5 18 .51 2.53 35 
115 7.01 .02 .2 10 11 0 2.92 20 
160 7.06 ,(¼ .5 12.5 12 0 2.71 55 
160 7.82 .03 .4 13.3 15 .20 2.55 38 
215 8.35 .03 .4 13.3 6 0 1.24 10 
300 9.32 ,(¼ .6 15 15 0 3.59 73 
235 9.76 .06 .6 10 18 .46 2.25 so 
275 7.73 .05 .7 14 24 .26 18.33 315 

IRIIL I-DIE 2 
215 9.29 .03 .4 13.3 4 0 1.07 53 
180 11.76 .03 .5 16.7 19 0 2.53 98 
135 11.42 ,(¼ .6 15 20 0 1.98 29 
180 11.66 ,(¼ .6 15 17 0 2.36 30 

2,4SO 28.45 .03 .8 26.7 6 0 2.29 16 
l,6SO 14.07 ,(¼ .4 10 16 0 3.40 38 

160 8.03 .02 .3 15 16 0 3.03 26 
138 7.41 .02 .4 20 16 .33 2.89 36 
188 7.40 .01 .5 so 20 0 2.49 13 
260 7.89 ,(¼ .5 12.5 13 0 1.92 32 
330 9.58 ,(¼ .7 17.5 15 0 2.92 32 
275 8.79 .03 .7 23.3 16 0 2.95 40 
240 7.49 .03 .6 20 17 0 3.11 32 
245 8.13 .05 .6 12 19 .33 2.31 13 
200 7.83 .OS .7 14 21 0 16.56 9 

IRIIL I-DIE 3 
205 11.85 .01 .2 20 3 .41 .93 28 
175 12.25 ,(¼ .4 10 13 .41 .93 25 
170 11.46 .03 .5 16.7 10 0 1.74 33 
195 12.23 _(¼ .7 17.5 7 .61 1.26 21 
600 12.76 .02 .6 30 19 0 2.55 35 
740 12.79 _(¼ .3 7.5 11 0 2.44 20 
235 7.71 .02 .3 15 19 .41 3.38 25 
200 7.31 .02 .2 10 16 .41 2.90 7 
180 7.12 .02 .3 15 17 .51 2.22 24 
185 8.46 _(¼ .3 7.5 12 .41 1.98 19 
183 8.30 .02 .3 15 16 .81 1.53 14 
208 8.48 .03 .3 10 13 .so 1.96 17 
365 10.83 _(¼ .5 12.5 16 .10 2.29 9 
255 9.19 .05 .6 12 14 .10 1.10 1 
315 8,(¼ ,(¼ .3 7.5 10 0 4.40 11 

38 

Fungi Shoot 
cam.ts, yield 
10' /rz. g 

58 2.64 
80 2.64 
45 1.41 
26 1.41 
21 2.73 
34 2.73 
29 2.44 
22 2.44 
29 1.77 
31 1.77 
25 1.15 
4 1.15 

38 1.47 
37 1.47 

223 1.75 

24 1.69 
60 1.69 
11 2.36 
12 2.36 
4 1.73 

25 1. 73 
20 .83 
28 .83 
20 2.28 
16 2.28 
22 3.24 
20 3.24 
20 2.15 
14 2.15 
26 1.70 

12 1. 72 
20 1. 72 
22 1.58 
13 1.58 
13 1.80 
26 1.80 
53 2.38 
28 2.38 
24 1.70 
10 1.70 
10 1.86 
8 1.86 
6 1.44 
2 1.44 

34 1.10 



I, 

TABIE B-3. - 1982 experimmtal data fmn Farmington topsoil saiples, 
3.5-yr stockpile age--C,ontirued 

Semple Soil Soil F.C, CF.C Total Organic C;N Extractable Soltble Dehydro- Bacteria Fungi Shoot 
depth, noisture, Ji! µS/an ireq/100 g C, ratio K, P, genase, counts, yield 

ft t t 103 
IlUIL K>I.E 4 

1 15.7 7.4 220 9.81 O.<X4. 0.6 15 11 0.51 2.46 u 14 1.70 
2 6.1 7.4 230 11.80 .OS .6 u 14 .38 2.09 27 20 1.70 
3 4.7 7.4 115 9.47 .03 .3 10 16 .38 2.24 60 20 1.56 
4 6.3 7.6 185 9.26 .03 .5 16.7 14 .38 2.94 40 32 1.56 
5 7.4 7.7 135 8.19 .02 .3 15 19 0 4.26 39 26 1.36 
6 8.9 7.6 165 7.67 .CX4. .5 U.5 20 .19 2.87 13 16 1.36 
7 8.8 7.6 140 7.83 .03 .4 13.3 9 .38 1.29 25 17 1.47 
8 10.6 7.7 235 7.79 .03 .4 13.3 7 .38 1.81 15 15 1.47 
9 10.1 7.9 655 11.64 .02 .6 30 5 .76 1.80 73 270 .42 

10 10.5 7.9 1,020 15.11 . CX4. .5 U.5 3 .38 3.38 .1 5 .42 
11 10.5 7.9 1,950 21.50 .CX4. .7 17.5 6 0 1.93 .5 7 .88 
u 11.9 7 550 9.44 .OS .8 16 15 0 U.94 22 64 .88 
13 13 8 940 11.92 . CX4. .7 17.5 13 0 2.51 .8 5 .22 
14 8.7 8.1 1,260 15.42 . CX4. .7 17.5 5 0 2.52 .4 2 .22 
15 7.4 8.1 2 430 22.65 .03 .5 16.7 6 .38 1.83 0 .4 .34 

IlUIL IDIE 5 
1 9.4 7.2 100 11.35 . CX4. .6 15 34 0 1.85 68 65 1. 73 
2 6.7 7.6 160 11.32 .06 .8 13.3 21 0 2.32 28 so 1. 73 
3 5.6 7.6 110 ll.CX4. .03 .4 13.3 11 .75 i.n 35 38 1. 74 
4 3 7.6 160 9.71 .03 .5 16.7 10 0 1.92 40 65 1.74 
5 7.9 7.6 130 8.42 .02 .4 20 4 0 .90 13 22 1.93 
6 8.1 7.6 135 7.93 .03 .3 10 11 .19 1.69 47 30 1.93 
7 7.4 7.5 123 8.91 .03 .3 10 6 0 1.06 35 25 1.83 
8 9.8 7.6 260 8.39 .03 .3 10 u 0 1.75 7 11 1.83 
9 7.9 7.7 510 10.40 .03 .6 20 15 .19 4.66 .5 5 1.54 

10 13.4 7.8 660 11.17 .06 .5 8.3 9 .19 2.23 .5 u 1.54 
11 11.5 7.8 1,230 16.85 . CX4. .8 20 7 .84 2.25 .5 8 .94 u 10.3 7.7 395 8.80 .OS .6 u 20 .93 11.90 8 38 .94 
13 16.4 8 1,170 14.79 .07 .8 11.4 13 .93 1.33 .1 3 .65 
14 8.8 8 2 100 19.44 .03 .4 13.3 5 .56 1.59 2 3 .65 

IlUIL IDIE 6 
1 7.6 7.7 115 10.22 . CX4. .3 7.5 34 .17 3.11 28 110 2.26 
2 6.9 7.5 135 10.32 . CX4. .8 20 31 .56 2.87 25 105 2.26 
3 5.0 7.5 130 10.66 .OS .3 6 19 .19 4.CX4. 55 48 2.32 
4 5.5 7.6 178 9.49 .05 .7 14 23 .56 5.47 68 68 2.32 
5 7.1 7.5 165 8.56 .06 .5 8.3 21 0 4.16 45 73 1.55 
6 8 7.6 130 8.35 .05 .3 6 10 0 2.19 26 u 1.55 
7 7 7.6 135 8.11 . CX4. .2 5 8 0 1.58 23 21 1.19 
8 9.8 7.6 305 8.35 .08 .6 7.5 u 0 6.57 6 11 1.19 
9 8.9 7.7 350 8.79 .05 .5 10 22 0 7.n 5 21 1.64 

10 12.4 7.8 440 8.73 .07 .1 1.4 20 0 5.17 2 u 1.64 
11 9.9 7.8 1,480 21.24 .OS .4 8 6 0 3.51 1 5 2.01 u 11.8 7.7 370 9.17 .09 .6 6.7 28 0 10.37 23 75 2.01 
13 11.8 7.9 800 11.29 .07 .4 5.7 15 .22 6.97 13 51 .61 
14 12.8 8.1 2 300 23.25 .05 .3 6 6 .87 3.24 1 2 .61 
15 8.6 8.1 2

1

650 23.44 . CX4. .1 2.5 5 .so 4.56 .1 1 .15 
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TABIE B-4. - 1981 experim::mtal data fran l(a:n:rerer topsoil sarrples 

Sanple Soil Soil a::, CF.c Total Organic C/N Extractable Soltble Dehydro- Bacteria Fungi Shoot 
depth, rroisture, Fl! µS/cm ireq/100 g N, C, ratio K, P, genase, counts, counts, yield 

ft oct oct oct tlClll nrm u.g/,z_ 101 /2. 103 /g g 

UNDIS"J.lRBED SOIL 
1 6 5.4 67 10.2 0.0 6.6 220.0 16 0.6 7.72 36 16.5 2.30 
1 2.8 5.7 27 7.8 .16 4.6 28.8 13 .4 3.63 15.8 5.3 2.30 
1 1.8 5.2 22 4.9 .07 1 14.3 11 0 2.~ 17.8 4.3 1. 92 
1 1.5 5.7 27 5.1 .09 .6 6.7 14 0 3.26 14 5 2.03 
1 2.8 6 36 8.8 .01 .6 60.0 13 0 5.76 57.5 22.5 2.03 
1 9.5 6.7 110 11.7 .01 2.1 210.0 13 0 1.53 11.8 5 1. 70 
1 3.5 6.2 58 8 .08 6.3 78.8 20 .1 6.77 27.8 3.5 1. 70 
1 3.3 6.2 44 7.4 .OS .5 10.0 14 .1 2.53 0 2.4 3.24 
1 2.4 6.6 90 9.5 .06 2 33.3 26 0 15.35 .8 5.3 3.24 
1 6.3 3.7 20 7.7 .07 .7 10.0 15 0 .08 24 13.5 1.68 
1 7.7 3.4 34 4.9 .01 1.6 160.0 14 0 .14 7 10.5 1.68 
1 1.5 5.7 33 4.3 .07 .7 10.0 9 .1 3.13 47 26.5 2.29 
1 1. 7 4.9 30 4.8 .OS .6 12.0 9 0 1.13 35.5 5.5 2.29 
1 4.7 5.8 38 9.1 .08 .5 6.3 8 0 3.31 29.5 7.5 1.86 
1 7.5 6.4 114 11 .14 .7 5.0 12 0 6.21 25 4.8 1.86 

rRIIL HJIE 1 7-YR SIDJ<PIIE NJF. 
1.5 10.5 6.6 120 9.55 .10 .9 9 10 .3 2.48 255 27.5 .93 
3 9 6.1 80 8.02 .09 .9 10 18 .2 2.35 395 65 .93 
4 8.1 6 54 8.25 .11 1.1 10 16 0 2.07 112 17.5 3.23 
5 8.1 6 100 8.65 .14 1 7.1 19 .6 2.17 30.5 10.5 3.23 
6 7 5.8 137 8.18 .15 1.5 10 26 0 1.61 175 155 3.36 
7 8.8 6 96 8.33 .17 1.3 7.6 25 0 4.39 160 77.5 3.36 
8 9 6.5 82 8.67 .12 1.1 9.2 17 0 2.99 277.5 15 3.36 
9 9.5 7 124 8.85 .07 1.2 17.1 22 .4 1.16 20 19 1. 70 

10 3.1 7 138 8.54 .11 1 9.1 22 .3 1.37 19.5 43 1. 70 
11 14.3 6.6 129 9.34 .02 1.5 75 37 0 .74 155 196 5.72 
12 10 6.3 116 6.93 .13 2 15.4 29 0 .45 82.5 112.5 5.72 
13 7.7 6.2 122 6.47 .10 1.2 12 22 0 .21 17.5 17.5 5.28 
14 6.9 6.4 88 5.95 .10 .7 7 20 0 .57 13.5 39.5 5.28 
15 6.1 6.2 56 5.57 .11 1.2 10.9 16 0 .27 18.5 49.5 4.58 

rRIIL IDIE 2 7-YR SIDJ<PIIE NJE 
1 8.4 5.8 79 6.41 .18 1.7 9.4 17 .7 2.53 105 60 2.52 
2 10 5.9 66 8.96 .19 .2 1.1 14 0 2.25 52 17 2.52 
3 9.2 6.6 103 10.59 .12 .7 5.8 23 0 9.24 442.5 45 s.~ 
4 6.4 6.1 70 8.95 .17 1.2 7.1 16 .1 3.17 295 32.5 s.~ 
5 5.7 6 60 7.26 .11 1.4 12.7 15 0 2.89 327.5 so 4.99 
6 5.7 5.8 99 6.30 .01 1 100 18 0 1.87 620 85 4.99 
7 6.2 6.3 57 8.30 .16 1.2 7.5 13 0 2.11 165 15 4.88 
8 6.6 6.4 80 7.69 .14 1.1 7.9 21. 0 7.59 102.5 87.5 4.88 
9 6.3 6 77 8.20 .17 1.4 8.2 20 .1 5.29 205 67.5 7.80 

10 7.3 6.3 107 9.48 .17 1.8 10.6 20 0 4.98 160 42.5 7.80 
11 8.1 6.5 118 8.<¼ .16 1.1 6.9 21. 0 1.59 40 37.5 8.14 
12 7.7 6.7 156 7.90 .14 1 7.1 25 .8 2.44 200 115 8.14 
13 9.8 6.6 96 9.37 .01 1.4 140 21. 0 2.11 215 55 4.23 
14 9.8 6.7 82 8.65 .09 1.1 12.2 23 .4 2.23 61.S 34.5 4.23 
15 10.1 7 167 10.63 .06 1.9 31.7 22 0 .96 39 12.5 7.70 

rRIIL HJIE 3 0 2 YR SIDJ<PIIE NJF. . 
1 9.3 7.0 163 10.8 .16 1. 7 10.7 19 0 2.83 38.5 22 1.08 
2 10.2 6.8 237 10.7 .17 1.8 10.6 16 0 5.47 48 16.5 1.08 
3 10.3 5.8 780 15.4 .02 1.6 80 14 .2 2.45 117.5 47.5 1.39 
4 7.3 5.8 545 14.7 .15 1.6 10.7 14 0 2.52 72.5 60 1.39 
5 9.5 4.7 750 12.5 .17 1. 7 10 16 0 .24 15.5 12.5 .98 
6 8.3 4.9 390 9.4 .11 1.2 10.9 14 0 .35 21 9 .98 
7 13.5 4.4 184 8.6 .19 2 10.5 13 .3 .20 33.S 14.5 5.70 
8 12.8 4.3 146 9 .21 3.4 16.2 12 0 .29 27.5 7.5 5.70 
9 13.1 5.8 146 10.8 .28 2.1 7.5 22 .3 6.55 295 380 1.90 

10 11.3 6.9 280 11.2 .20 1.6 8 17 0 15.19 485 640 1.90 
11 10.4 6.9 260 11 .02 1.9 95 17 .3 10.37 152.5 225 1.28 
12 9.6 6.8 360 10.9 .16 1 6.3 17 .1 8.20 145 305 1.28 
13 9.6 6.6 618 12.9 .OS 1.7 34 19 .3 9.72 110 17.5 1.89 
14 9.3 6.4 855 14.3 .08 1. 7 21.3 20 .6 6.03 65 95 1.89 
15 8.2 6.5 960 14.9 .21 1.6 7.6 21. .6 4.01 32.5 40 1.89 

40 



TABlE B-5. - 1982 experlmmtal data fran Kamerer topsoil sanples 

Sanple Soil Soil F.C, CF.C Total Organic C;N Extractable Soltble Dehydro- Bacteria F\.tngi Sh:iot 
depth, noisture, Ji{ µS/an ireq/100 g N, C, ratio K, P, genase, counts, yield 

ft t t t 103 
UIDISIURBED SOIL 

1 9.1 5.7 25 7.07 0.09 0.3 3.3 9 0.17 5.39 265 215 1.84 
1 7.3 5.9 34 8.51 .13 2.1 16.2 11 0 13.67 235 230 1.84 
1 4.9 5.7 24 5.25 .04 2.2 55 12 .34 6.55 155 190 1.56 
1 4.2 5.8 31 7.24 .10 1.3 13 10 .18 10.45 325 340 1.56 
1 7 6 44 7.92 .08 .8 10 9 0 6.31 95 165 1.41 
1 6.2 5.5 20 4.78 .03 .3 10 9 .50 1.09 100 105 1.41 
1 5.6 5.8 28 5.37 .04 .3 7.5 8 0 3.74 75 85 1.65 
1 5.1 6.3 34 5.19 .OS .4 8 8 0 5.02 80 123 1.65 
1 4.1 6.1 31 4.35 .04 .3 7.5 6 0 3.32 105 48 1.45 
1 7.1 6.6 70 6.81 .05 .4 8 4 0 5.71 60 45 1.45 
1 16.4 6.3 57 8.07 .17 3.2 18.8 21 0 5.79 170 130 2.60 
1 14.2 6 39 11.48 .24 3,9 16.3 13 0 11.66 380 205 2.60 
1 8.3 6 44 10.85 .32 5.5 17.2 17 0 21.10 375 315 2.23 
1 9.8 6.2 45 11.28 .33 5.4 16.4 22 0 24.32 395 415 2.23 
1 9.9 5.9 24 6.96 .07 1.3 18.6 11 .16 2.99 68 43 1.31 

IRIIL IDI.E 1 1 2-YR STIXKPIIB NlE 
1 9.9 6.3 465 9.72 .11 1.6 14.5 5 .38 1.43 65 75 2.40 
2 7.6 6.3 200 7.60 .08 1.5 18.8 5 .40 1.85 78 95 2.40 
3 6 6.6 370 6.65 .03 .s 16.7 5 0 1.00 23 63 1.81 
4 6.3 6.3 530 10.54 .11 1.8 16.4 12 .76 10.45 200 210 1.81 
5 4.1 6.9 315 10.52 .06 .9 15 9 1.30 7.23 385 175 .98 
6 8.4 7 170 10.34 .11 1.8 16.4 16 .96 2.67 75 58 .98 
7 10.8 5.2 140 9.52 .16 2.3 14.4 9 .28 0 29 15 1.07 
8 7.1 5.7 610 9.35 .09 1.2 13.3 8 .19 2.89 195 115 1.07 
9 7.7 5 230 4.19 .17 5 29.4 10 0 1.37 140 125 1.57 

10 8.6 5.1 465 10.82 .14 2.6 18.6 11 0 1.97 180 135 1.57 
11 9.4 5.6 190 10.78 .18 1.9 10.6 17 .28 3.28 250 230 1.50 
12 14.1 4.3 295 8,99 .17 4.1 24.1 9 0 .26 53 so 1.50 
13 9 5.6 215 10.26 .17 2.2 12.9 16 .19 9.64 535 435 2.06 
14 9 6.5 350 10.58 .12 1.6· 13.3 12 .47 7.47 195 150 2.06 
15 9.2 6.5 200 9.97 .13 1.3 10 15 .21 10.85 1 620 485 2.15 

IRIIL IDI.E 2 1 2-YR STIXKPIIB NlE 
1 8.6 5.9 125 6.57 .08 1.6 20 5 0 .30 80 23 2.40 
2 7.9 6.7 640 8.03 .04 .6 15 4 0 .28 113 73 2.40 
3 10.9 6 210 7.67 .05 1.5 30 9 .27 1.69 48 38 1.44 
4 7.7 6.5 800 11.08 .16 .6 3.8 8 0 6.99 225 110 1.44 
5 6 6.9 260 8.89 .09 2.5 27.8 10 .36 5.02 100 95 1.33 
6 7.9 7 130 9.49 .12 1.9 15.8 14 0 2.07 28 14 1.33 
7 8.2 5.5 165 10.11 .16 2.6 16.3 10 0 .52 29 19 .88 
8 8.3 4.9 550 9.86 .15 3.4 22.7 8 0 1.61 155 135 .88 
9 8.6 4.7 470 10.27 .18 3.6 20 10 .36 .72 100 190 1.74 

10 8.1 5.4 240 9.53 .11 1. 7 15.5 10 0 1.89 160 165 1. 74 
11 7.7 6.2 ll5 9.20 .13 1.9 14.6 15 0 3.86 130 110 1.50 
12 7.8 5.3 165 9.39 .13 2.2 16.9 13 0 1.29 155 155 1.50 
13 10.2 5 260 8.97 .14 2.1 15 11 0 .1.11 115 115 1.16 
14 8.9 6.4 200 9.31 .13 1.8 13.8 15 0 3.24 345 260 1.16 
15 8.6 6.5 215 8.90 .13 1.6 12.3 13 0 12.46 2,025 865 2.05 

IRIIL HJI.E 3 1 2-YR STIXKPIIB NlE . 
1 8.5 6.7 125 5.47 .08 1.2 15 5 0 .80 105 35 1.36 
2 10.3 7.1 255 6.50 .10 1.1 11 6 0 2.57 75 55 1.36 
3 7.2 5.4 60 5.85 .09 1.6 17.8 9 .18 1.23 68 43 1.17 
4 6.3 6.1 110 8.82 .12 1.8 15 16 0 2.53 73 20 1.17 
5 7.2 7.4 265 12.33 .04 .5 12.5 2 0 1.01 44 6.5 1.43 
6 8.3 7.5 150 9.29 .10 1.6 16 13 0 1.09 63 7.5 1.43 
7 7.8 6.8 480 11.84 .11 1. 7 15.5 11 0 2.01 220 60 1.62 
8 6.4 5.8 480 .7.95 .08 1 12.5 9 0 2.25 200 58 1.62 
9 8.7 5.3 410 10.37 .17 4 23.5 11. .37 1.53 300 95 1.33 

10 9 4.7 760 11.06 .10 1.9 19 8 0 .16 165 38 1.33 
11 9.5 4.8 275 6.84 .10 2.1 21 7 .27 .32 103 38 1.45 
12 14.1 4.2 195 7.40 .19 3.3 17.4 8 .36 .08 55 10 1.45 
13 12.3 5 260 9.78 .18 3.1 17.2 12 0 .52 140 43 1. 70 
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TABLE B-5. - 1982 experiirental data fran I<anrerer topsoil sant'les--Qmtirued 

Sanple Soil Soil EC, CEC Total Organic C/N Extract.able Soluble Dehydro- :Bacteria Fungi Shoot 
depth, rroisture, ?f µS/cm ireq/100 g N, C, ratio K, P, genase, counts, yield 

ft t t t 103 
IRIIL IDlE 4 8 YR S1IXl<PilE AGE -

1 6.7 5.7 210 9.55 0.12 3 25 16 0.54 2.73 300 125 2.25 
2 7.4 5.7 155 9.25 .11 1.9 17.3 14 .18 3.20 425 115 2.25 
3 5.6 6.6 265 9.17 .07 1.1 15.7 11 .27 3.14 640 75 2.11 
4 6.5 6.8 135 9.75 .08 .7 8.8 13 0 6.27 710 85 2.11 
5 5.8 6.5 65 8 .08 1.2 15 12 0 4.42 555 125 2.14 
6 5.7 6.3 75 8.92 .00 1.6 17.8 10 0 4.50 375 50 2.14 
7 5.6 6.3 82 9.05 .10 1. 9 19 11 0 3.26 325 120 1.56 
8 6.2 6.2 74 7.86 .00 1.3 14.4 14 .17 5.47 540 140 1.56 
9 5.7 6.2 89 7.37 .07 1.1 15.7 13 0 4.30 875 110 1.79 

10 6.2 6.1 120 8.40 .11 1.4 12.7 17 0 4.50 1,590 210 1. 79 
11 6.7 6.3 110 8.46 .10 1.4 14 14 0 3.78 2,<¼5 165 2.07 
12 5.9 6.2 160 7.66 .10 1.3 13 15 .26 3.94 815 175 2.07 
13 7.4 6.4 145 7.66 .10 1.3 13 17 .69 3.86 625 140 1.37 
14 9 6.5 110 8.80 .10 1.5 15 16 .69 2.41 153 15 1.37 
15 8.1 6.6 110 7.74 .10 1.5 15 16 .61 4.50 450 60 2.21 

llU1L IDlE 5 8-YR S1IXl<PilE AGE I 

1 5.9 6.1 215 9.27 .13 3.1 23.8 17 0 5.31 580 185 2.13 
2 11.6 5.7 185 7.16 .13 2 15.4 10 .52 3.90 425 145 2.13 
3 8.9 6.3 130 8.52 .00 .6 6.7 7 .69 2.21 485 110 3.39 
4 6.9 6.2 135 8.26 .10 1.5 15 8 .29 6.35 505 190 3.39 
5 6.9 6.2 85 7.07 .08 1.3 16.3 10 .29 4.98 270 55 1.62 
6 6.6 6.3 90 8.60 .00 1.9 21.1 12 .26 5.02 550 165 1.62 
7 5.2 6.3 93 7.47 .07 1.6 22.9 11 .26 3.10 390 210 2.38 
8 5.5 6.4 72 8.62 .00 1.9 21.1 10 .34 3.26 170 100 2.38 
9 5.5 6.1 80 7.18 .10 1.5 15 14 .33 4.98 560 185 1.31 

10 6.1 6.3 75 7.39 .08 1.1 13.8 14 .33 3.66 970 235 1.31 
11 6.8 6.3 73 7.33 .10 1.2 12 13 .42 4.58 1,075 220 1.92 
12 6.9 6.5 125 8.<¼ .08 1.4 17.5 16 .33 5.11 1,800 110 . 1.92 
13 7.5 6.8 155 6.97 .00 1.2 13.3 16 0 3.74 755 235 1. 77 
14 7.6 7 155 7.59 .00 1.4 15.6 16 0 5.55 2,465 610 1. 77 
15 8.2 6.9 155 8.13 .12 1.5 12.5 17 0 5.14 415 205 1.49 

IRIIL HJI.E 6 8-YR STOO<PIIB AGE I 

1 8.8 6.2 100 9.31 .00 1.8 20 15 .33 1.23 200 53 1.69 
2 7 6.5 155 8.22 .07 1 14.3 9 0 4.14 460 70 1.69 
3 6 6.2 155 9.96 .10 1.1 11 13 0 2.73 570 135 2.09 
4 5.5 6.1 130 8.29 .00 1.5 16.7 13 0 3.98 520 105 2.09 
5 5.8 6.2 80 7.67 .07 1 14.3 9 .60 3.42 395 100 2 
6 6.3 6.2 74 7.97 .07 1.4 20 14 0 4.70 870 250 2 
7 8 6.4 74 10.38 .16 2.5 15.6 9 0 1.65 173 23 1.64 
8 5.3 6.3 80 7.59 .10 1.5 15 13 .34 4.06 285 45 1.64 
9 5 6.2 96 7.37 .10 1.6 16 15 .26 4.78 1,425 190 2.17 

10 6.8 6.3 86 8.33 .10 2.3 23 16 .17 4.42 1,135 245 2.17 
11 7.1 6.4 96 8.86 .10 2.2 22 18 0 4.02 530 45 2.55 
12 8.9 6.4 148 7.68 .10 1.4 14 17 1 3.90 605 75 2.55 
13 7.6 6.6 105 7.12 .00 1.3 14.4 15 .58 4.42 745 65 1.42 
14 8.4 6.5 105 7.40 .11 1.5 13.6 17 .58 4.62 385 40 1.42 
15 9.6 6.5 80 7.17 .10 1.6 16 13 .84 2.77 175 20 2.20 
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TABLE B-6. - 1981 experimmtal data fran Ticaboo topsoil smpl.es 

Sanple Soil Soil a::, ca:: Total Organic Extractable Soloole Dehydro- Bacteria F\mgi Shoot 
depth, nnist:ure, pH µS/cm iooq/100 g C, K, P, genase, coonts, yield, 

ft t t 103 
lNDISIURBED SOIL 

1 3.0 7.4 86 3.65 0 0.1 4 
1 3 7.3 105 5.30 0 0 5 
1 7 6.7 91 3.85 0 0 4 
1 2.8 7.6 64 2.70 0 0 3 
1 2.8 7.8 66 2.73 0 0 3 
1 3.9 7.9 72 3.29 0 .2 4 
1 2.8 7.7 72 3.29 0 0 4 
1 3.5 7.6 70 2.81 0 2 4 
1 2.8 7.6 78 3.85 0 0 5 
1 2.8 7.6 84 4.78 0 .1 8 
1 3.2 7.7 82 4.28 0 .1 6 
1 2.9 7.8 72 3.20 0 0 4 
1 3.4 7.5 78 3.84 0 .1 6 
1 2.9 7.6 66 3.24 0 0 4 

rRIIL IDIB 1 
1.5 6.4 6.8 220 4.82 0 .01 6 
3 6.9 6.8 152 5.02 0 .01 5 
4.5 5.7 7.2 97 5.44 0 .02 5 
6 7.6 7.3 94 4.59 0 0 6 
7 8.2 7.3 96 5.12 0 0 7 
8 8.2 7.1 88 4.94 0 0 5 
9 10.9 7.3 90 4.95 0 .02 5 

10 7.1 7.3 86 4.81 0 .03 4 
11 8.4 7.4 118 5.15 0 .01 4 
12 7.9 7.4 108 5.40 0 0 4 
13 8.9 7.3 104 4.62 0 0 5 
15 7.7 7.3 120 4.90 0 0 6 

rRIIL IDIE 2 
1 3.6 7.6 103 3.81 0 0 5 
2 6.7 7.8 136 4.82 0 .7 6 
3 5.5 7.7 121 4.72 0 0 6 
4 6.4 7.8 ill 6.47 0 .1 6 
5 6 7.9 107 4.60 0 .1 5 
6 9.1 8 101 5.81 0 .1 5 
7 6.7 8 101 4.66 0 0 5 
8 7.3 8 ill 5.51 0 .1 3 
9 7.1 8 100 4.72 0 0 6 

10 6.5 8.1 108 4.73 0 0 5 
11 5.9 7.8 103 4.54 0 .2 7 

1Nitrogen content was below analytical limits in all sanples. 
ND Not detennined, sanple mt available. 
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0 0.33 11.9 4.3 
0 1.57 14.5 6 
0 .65 18 14.8 

.4 .25 ND ND 
0 .25 ND ND 

.3 .96 ND ND 

.7 .32 ND ND 

.3 .42 ND ND 
0 1.21 ND ND 
0 5.31 ND ND 

.3 2.92 ND ND 

.3 .27 ND ND 

.2 1.50 ND ND 
0 .56 ND ND 

1 .14 1.3 2.2 
.3 .19 3.5 4.5 
.2 .29 7.8 7.6 

0 .57 5.4 9.9 
0 .88 11.6 19.5 

.1 .96 6.2 10.9 

.3 .63 13.8 11.5 
0 .36 9.5 3.3 

.1 .69 19 11 
0 .71 11.8 8.8 
0 .66 17.5 12.5 
0 .92 18.3 12.5 

.3 .03 ND ND 
0 .21 ND ND 

.3 .40 ND ND 

.4 .27 ND ND 

.4 .57 ND ND 

.2 .74 ND ND 

.4 .61 ND ND 

.3 .30 ND ND 

.7 1.03 ND ND 

.4 .48 ND ND 

.3 .91 ND ND 

0.84 
1.10 

.80 
1.12 
1.12 
1.11 
1.11 
1.03 
1.22 
1.22 
1.18 
1.18 
1.23 
1.23 

.71 

.42 

.53 

.84 

.90 

.88 
1 

.54 

.67 

.89 

.86 

.75 

1.08 
1.08 

.87 

.87 
1.17 
1.17 

.91 
1.19 
1.02 
1.02 

.69 



TABIE B-7. - 1982 experirrental data free Ticaboo topsoil sarples 

Sanple Soil Soil EX::, CEX:: Total Organic Extractable Solt.ble Dehydro- Bacteria Fungi Shoot 
depth nnisture, }'.i-I µS/an meq/100 g C, K, P, genase, counts, yield, 
ft t t 103 

UNDISlllRBED SOIL 
1 1.4 7.3 74 4.84 0 0.1 4 
1 2.1 7.5 72 5.03 0 .1 6 
1 2 7.4 69 3.96 0 0 3 
1 1.6 7.3 63 2.59 0 0 3 
1 1.3 7.2 73 3.03 0 0 3 
1 1.2 7.2 60 2.41 0 0 3 

IlUI.L H)lE 1 
1 4.6 7.1 130 4.38 0 .1 4 
2 4.5 7.6 135 4.19 0 .1 5 
3 6.2 7.5 150 3.86 0 0 4 
4 6.5 7.5 115 4.80 0 .5 4 
5 6.3 7.5 85 4.01 0 0 4 
6 6.1 7.4 132 3.64 0 0 5 
7 6.9 7.4 76 3.80 0 0 4 
8 5.8 7.4 72 3.50 0 0 4 
9 5.9 7.5 84 4.11 0 0 2 

10 6.1 7.6 86 4.54 0 0 3 
11 7.4 7.6 80 4.C¼ 0 0 4 
12 6.4 7.5 75 3.62 0 0 4 
13 6 7.4 81 3.72 0 .2 5 
14 6.1 7.6 70 3.74 0 0 4 
15 4.8 7.5 68 3.67 0 .1 5 

IlUI.L HJIE 2 
1 4.3 7.2 85 3.68 0 0 3 
2 6 7.4 89 3.94 0 0 4 
3 5.6 7.5 85 3.79 0 .1 5 
4 5.3 7.5 82 4.12 0 0 4 
5 6.6 7.5 84 3.70 0 0 4 
6 7.5 7.5 87 3.91 0 0 4 
7 5.5 7.6 85 3.30 0 .2 4 
8 5.8 7.7 90 4.02 0 .1 3 
9 6.4 7.7 89 3.88 0 .1 3 

10 7.8 7.7 83 3.75 0 .1 4 
11 6.5 7.6 81 3.48 0 0 4 
12 5.7 7.6 102 4.21 0 .1 5 
13 7 7.7 93 3.77 0 0 3 
14 6 7.6 81 3.72 0 .1 5 

7.2 7.7 86 3.83 0 .2 4 
IlUI.L HJIE 3 

1 4.1 7.6 95 3.74 0 0 4 
2 3.6 7.6 165 4.89 0 0 4 
3 5.5 7.8 123 4.33 0 .1 4 
4 5.9 7.6 90 3.93 0 .1 4 
5 6.3 7.5 91 3.19 0 .1 4 
6 7.2 7.4 96 4.57 0 0 4 
7 6.8 7.5 85 4.28 0 .2 5 
8 6.4 7.6 75 3.87 0 .1 4 
9 5.5 7.6 75 3.65 0 .1 3 

10 5.5 7.5 78 3.68 0 0 2 
11 6.1 7.5 75 3.44 0 .1 3 
12 5.9 7.5 80 4.03 0 0 4 
13 5.6 7.6 80 3.90 0 .1 4 
14 5.8 7.5 79 3.59 0 0 5 
15 5.2 7.6 84 3.72 0 .2 6 

1Nitrogen content in all saflt)les was below analytical limits. 
ND Not deteIIDined. 
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0.3 1.49 22.5 7.5 
0 1.69 17 9.5 
.2 .90 29.5 8 

0 .31 8.5 2.5 
.5 .40 18.5 6.5 
.3 .45 12.3 3 

0 .19 2.6 3.6 
0 .21 2.5 5.5 
0 .19 4.5 4 
0 .27 7.8 5.3 
0 .49 6.3 3.5 
.1 .58 7.8 3 
.1 .99 12.8 12.8 

0 .68 15 14 
.1 .24 6.3 9.5 
.1 .34 9.8 4.8 

0 .52 12 11.5 
.1 .69 8 11.3 

0 1.09 18.5 9.5 
0 .88 12.5 12.5 
0 .96 20.3 6.5 

0 .03 5 3 
.2 .15 7.3 3 
.4 .09 12 4.5 
.4 .10 19.3 8.5 
.2 .17 12.5 6.8 

0 ;20 9.3 3.3 
0 .26 10.5 4.3 
0 .17 11.3 3.3 
.5 .33 20.5 6 
.1 .61 14.5 4 

0 .52 28.5 10.5 
.4 .52 14 7.5 
.7 .82 28 18 
.1 .71 20.5 7 
.5 1.07 22.1 10.5 

.6 .08 6 9.3 

.4 .28 10 2.9 

.3 .19 7.8 10 
.4 .33 8.3 9.8 
.6 .65 13 6 
.4 .48 20 8 
.2 .92 20.5 41.5 
.5 .63 13 4.5 
.5 .42 8.3 7.5 
.5 .26 12 4 
.2 .59 15 10 

0 .53 14.5 38 
.1 .52 15 8.8 

0 .76 19.8 12 
.3 .64 25 14 

0.55 
.55 
.55 

1.02 
1.02 
1.02 

.86 

.86 

.73 

.73 

.63 

.63 

.69 
.69 
.53 
.53 
.56 
.56 
.53 
.53 
.51 

.53 

.53 

.65 

.65 

.87 

.87 

.n 

.77 
.83 
.83 

1.15 
1.15 
.98 
.98 
ND 

.82 

.82 

.73 

.73 

.66 

.66 
1.09 
1.09 
.96 
.96 
.97 
.97 
.90 
.90 
.70 




