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Abstract:
Reclamation research on coal-mine spoils at Colstrip, Montana, was initiated in 1968. The purpose of
this work was to determine methods and procedures of reclaiming mine spoils and to identify and
evaluate species adapted for reclamation in this area.

Fertility was found to be problematical in the reclamation of the coal-mine spoils. A quantity of the
spoils was taken to Bozeman the fall of 1970 for fertilizer trials in the greenhouse. The levels of
application used in the greenhouse study were: nitrogen 0, 56, 112 and 168 kilograms per hectare;
phosphorus 0, 56, 112, and 224 kilograms per hectare; and potassium 0, 56, 112, and 168 kilograms per
hectare. A field fertilization study was initiated in the spring of 1971. Nitrogen rates used were 0, 84,
and 168 kilograms per hectare of actual nitrogen. Phosphorus rates were 0 and 179 kilograms per
hectare and potassium rates Were O and 67 kilograms per hectare of actual nutrient.

Shoot height, shoot weight, and root weight data were obtained from the greenhouse study. Aerial and
basal cover, production by weight, and percent soil moisture were collected from the field fertilizer
study.

Statistical analyses of the data from the greenhouse study showed that 112 kilograms of nitrogen per
hectare was optimum. Phosphorus and potassium did not produce significant results. Analyses of the
data from the fLfiId study indicated that the combination of 84 kilograms pet hectare of nitrogen and
179 kilograms per hectare of phosphorus produced optimum results. Potassium fertilization did not
yield significant differences.

The study must be continued for several more years before enough information about residual effects
can be accumulated to estimate the total effects of fertilization on coal-mine spoils. 



In presenting this thesis in partial fulfillment of the require

ments for an advanced degree at Montana State University, I agree 

that the Library shall ineke it.freely available for inspection.. I 

further agree that permission for extensive- copying of this thesis 

for scholarly purposes may be granted by my major professor, or, in 

his absence, by fhe Director of Libraries. It is understood that 

any copying or publication of this thesis for financial gain shall, 

not be allowed without my written permission.

Signat



SOME EFFECTS OF FERTILIZATION ON REVEGETATION 
OF COAL-MINE SPOILS IN SOUTH EASTERN MONTANA

by

' JAMES BUCHHOLZ

A thesis submitted to the Graduate Faculty in partial 
fulfillment of the requirements for the degree

of

MASTER OF SCIENCE 

in

Range Management

Approved:

Head4 Maj

Chairrrianl, 'Exam ining Conffip^We

MONTANA STATE UNIVERSITY 
Bozeman, Montana

December, 1972



-iii-

ACKNOWLEDGMENT

The author wishes to express his sincere appreciation to Br, Bon 

E 0 Ryerson and Mr* R* L* Hodder for their enumerable instances of 

encouragement9 stimulation, and advice during the research and develop

ment of this thesis*

Many, others have contributed, in many ways® Chief among these are 

Br0 Walter Mueggler of the Eorest Products Research Laboratory^ U eS e 

Forest Service* who donated the use of the greenhouse used in this 

study, and Mr0 Robert Yaegers who provided immeasurable assistance in 

editing the manuscript *

Special appreciation is also extended to Western Energy Company, 

which provided the assistantship which made the author”s participation 

in this study possible*



TABLE OF CONTENTS

V I T A ................................. .. ■ ii .

ACKNOWLEDGEMENTS . . '...............................  ill

TABLE OF C O N T E N T S ................................. .. iv

LIST OF TABLES ......... ........... ............................ vi

LIST OF FIGURES . . . . . .  ......................  . . . . . .  vii

ABSTRACT..................................  •....■ viii

INTRODUCTION    • I

REVIEW OF LITERATURE ........................................... . 3.

Problems Involved ............................. 3

Methods of Reclamation .................................... ■ 4 ■

Fertilization ...........  ..................................  5

Fertilizer Response ........................................  9

DESCRIPTION OF STUDY AREA .............  . . . . . . . . . . .  11

Location.and Topography . . . '........... .. 11 ■

Clim a t e............... .. .............. ................. 11

Soils ............................... 13

METHODS AND PROCEDURES.................................    . , ■ 14

Greenhouse Experiment...............................   14;

Field Fertilizer Study .......................16

Page



—v—

RESyi1T S ................................................   20

Greenhouse Experiment .................. ............... . . . 20

Field Fertilizer Study ....................   20

Soil moisture ■ results ........... . . ■ 20
Production results .............................   24 -
Correlation r e s u l t s ......................   29
Frequency data results . . . .  . . ................ ■ 30

SUMMARY AND CONCLUSIONS . . . .  .............  . . . . . . . . .  36

' Page

APPENDIX . ..................................... . 39

LITERATURE CITED . . '........... .. , . ■............... . . . . 49



-vi-

I. Monthly climatological data for Colstrip, Montana . . 12

II. Soil chemical analysis of raw spoils material at
the Western Energy Site, Colstrip, Montana . . . . . . .  13

III. Treatment.means for shoot height, shoot weight
and root weight. Greenhouse Experiment . . . .  . . . . . 21

IV. Percent soil moisture among blocks and sampling
depths; field fertilizer study, Colstirp, Montana . . . . 24

V. Treatment .means for nitrogen, phosphorus and pot
assium by thickspike wheatgrass production and total 
production, for.the field fertilizer study,
Colstrip, M o n t a n a ........................................ . 25

VI. Correlation of soil moisture content.and production
for the field fertilizer study, Colstrip, Montana . . . .  26

VII. Distribution of meaps of percent total aerial fre
quency for seasons, blocks and treatment (nitrogen, 
phosphorus and'potassium); field fertilizer study,
Colstrip, Montana . . .......................... ............. 27

VIII. Distribution of means of percent total basal
frequency for seasons, blocks and treatments (nit-
trogen, phosphorus and potassium); field fertilizer
study, Colstrip, Montana. . ......................... . . . . 28

IX. Comparison of percent .relative aerial frequency and
percent total frequency for the field fertilizer study,
Colstrip, Montana ......... . .............  . . . . . . .  33

X. Comparison of percent relative basal frequency and 
percent total frequency for the field fertilizer 
study, Colstrip, Montana .............. .. .............. .. 34 -

XI. Correlation between production and percent fre
quency of occurrence for thickspike wheatgrass and 
total production; field fertilizer study,.Colstrip, Mont; 35

LIST OF TABLES

Page



-vii-

Page

1. Plot design of the field fertilizer study,
Colstrip, M o n t a n a ............................................  18'

2. Results of N = 112, P = 112, K =  O kg/ha in Pot one;
N = 56, P = 56, K = 56 kg/ha in Pot two; and N = 0,
P = 56, K =  112 kg/ha in Pot t h r e e ........... .. 22

3. Spoils being prepared for the fertilizer study ...........  23

4. Field fertilizer treatment area, June, 1971,
Colstrip, Montana . . .'................................. .. 23

5. Regression of total production on percent moisture
for the sampling depth of 15 to 30 cm. ....................■ 29

6. Field fertilizer treatments, August, 1971 . .............  3'0

7. Non-fertilized treatment .plot, July, 1971; field
fertilizer study, Colstrip, Montana . t . . . . . . . . .  . 31

8. Plot fertilized with 168 kg/ha of N, 179 kg./ha of P , 
and 67 kg/ha of K, July, 1971; field fertilizer
study, Colstrip, M o n t a n a ..................•............ .. . 32'

LIST OF FIGURES



-viii-

ABSTRACT

Reclamation research on coalt-mine spoils. at Colstrip, Montana, 
was.initiated in 1968. The purpose of this work was to determine 
methods and procedures.of reclaiming mine spoils and to identify 
and evaluate species adapted for reclamation in this area.

Fertility was found to be problematical.in the reclamation 
of the coal-mine spoils. A quantity of the spoils was taken to 
Bdzemap the fall of 1970 for fertilizer trials in the greenhouse. The 
levels.of application.used in the greenhouse study were: nitrogen 0,
56, 112 and. 168 kilograms per hectare; . phosphorus .,0, 5.6, 112 j and. 224 
kilograms per hectare; and potassium 0, 56, 112, and 168 kilograms per 
hectare. A field fertilization study was initiated in the spring 
of 1971. Nitrogen rates used were 0, 84, and 168 kilograms per 
hectare of actual nitrogen. Phosphorus rates were 0 and.179 kilpgrams 
per hectare and potassium rates weref Ocand "-67! .kilograms- per', hectare 
of actual nutrient.

Shoot.height,shoot weight, and root weight, data were bbtaindd 
from the greenhouse study. Aerial and basal cover, production b^ 
weight, and petrcehp Aoil moisture were collected. from the field 
fertilizer .study.

Statistical analyses of the data from the greenhouse study 
showed that.112 kilograms of.nitrogen per hectare was optimum. 
Phosphorus and potassium did not produce significant, results. Anal
yses of the ;data .from the flqld study indicated that the combination 
of 84 kilograms pet hectare of.nitrogen and. 179 kilograms per hectare 
of phosphorus produced optimum results. Potassium fertilization 
did not yield significant- differences.

The study must be continued for several more years before 
enough Information about residual effects can be accumulated to 
estimate the total effects of fertilization on coal-mine spoils.



INTRODUCTION

Much of Eastern Montana is underlain with extensive soft coal 

deposits.' The.-increasing demand for electrical power has led 

several utility companies to mine this coal to fire steam-driven 

geperafops. The most economical method of mining is to strjLp off the 

over-lying layer of soil and expose the coal, which is then removed.

The■economically retrievable coal underlies overburden varying in 

thickness from almost nope to over-100.feef. The process of.removing 

the overburden leaves the material, called spoils, in various shaped 

piles , depending on the combination of machinery .used- (Hodder, et al. 3 
1971).

These "spoils" are.a combination of surface soil, subsurface 

material and coal slack. The surface soil is present.in various 

thicknesses, depending upon the topographical location. The subsurface. 

material is variable in thickness, texture and composition. The-coal 

slack is a mixture of the material immediately.adjacent to the coal 

seam and some.raw coal (Thompson, 1969) .

The strip-mining of.coal by the Northern Pacific Railroad in the 

Colstrip area began in 1924. Although the railroad did not practice 

any reclamation, neither did it disturb much land. By 1956, after 30 

years of mining, less than three sections had been mined, typstern 

Energy Company, a subsidiary of Montana Power Company, began moving
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coal in 1968 and moving overburden in August of 1970. Since 1970, they 

have disturbed approximately 50 to 100 acres per year in their opera

tions.

Western Energy Company contracted with the Montana Agricultural 

Experiment Station in the Spring of 1968. to initiate applied research 

stpdies to help determine the best reclamation practices to follow . 

in the Colstrip area. Identifying species' adapted for reclamation and 

developing planting procedures were two main goals of this research. 

Chemical analyses of the overburden indicated fertilization was a 

necessary practice for optimum plant establishment and growth.

The .purpose'of this fertilization research study was to find 

guidelines - for the,use of commercial fertilizers as a means of aiding 

the reclamation process of coal spoil banks at Colstrip, Montana.

This study was conducted in- two parts; the first a greenhouse study 

to find general trends in nutrient requirements, the second a field 

study to further identify these nutrient requirements. The greenhouse 

portion of the,study was conducted during the late winter,and spring 

of 1971. The field fertilizer study, the second part of the research, 

was initiated in April of 1971 and the data were collected in July 

of 1971. The field study was conducted at the.,Western Energy Mine 

on shaped spoil,banks.



LITERATURE REVIEW
Problems Involved

Most of the reclamation of strip-mined spoils has taken place in 

the eastern portion of .the -United States where.the precipitation 

exceeds 30 inches annually. In contrast, much of.the western United 

States receives-less than 15 inches annually, with some areas receiving 

less than four inches annually. Most areas being mined in the East 

have generous amounts of topsoil, with which reclamation is much 

easier. Depth of topsoil in the West ranges from none to several 

inches. The lack of topsoil complicates the problem of reclamation 

(Sullivan, 1967).

Reclamation of strip-mined spoils in the western United States is 

rather limited and is quite recent. The Knife River Coal Mining 

Company initiated a reclamation program in 1963 for its sites at 

Beulph and Gascoyne.in North Dakota and Savage in eastern Montana.

The purpose o f . this reclamation was to revegetate these strip-mined 

areas for game management. In these .areas, as in other arid regions, 

it was found to take several years before any conclusions regarding 

results as to success or failure could be made (Gwynn, 1966).

Reclamation at Soda Springs, Idaho was begun in 1966 on lands 

that had been strip-mined for phosphorus. Annual precipitation on 

this area averages.14 inches. Vegetational response was positive, 

but was not a spectacular success (Thompson, 1969).
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Western Energy Cempany - funded the initiation, of pilot studies: at 

Colstrip, Montana, in the fall of 1968. The purpose of .this reclama

tion was twofold: to create grazing for livestock and enhance:habitat

for wildlife. The results of these .'pilot studies showed that vegeta

tion could be established with the use of commercial fertilizers.

Species adapted to the growing conditions o f •the spoils were identi

fied and selected, for further study (Redder, et at. 3 1971).

Elvery re vegetation attempt is faced with similar types of problems. 

Often the■pH is.not desirable for germination and establishment of 

plants. The-pH may be.as low as two or as high as ten (Thompson,

'1969; Jacoby, 1969). Texture of spoils is often clayey, which makes 

vegetation establishment difficult. Toxicity due - to excesses .of- 

certain elements, such as.sodium or sulphur, creates problems in most 

reclamation attempts •• (Rodder, 1972) .

The■ shape;o f .the spoils left by the mining operation is of great 

concern. If the spoils are.left.in steep-sided, pointed piles, they 

are usually mechanically unstable and unsuited for supporting permanent 

vegetation. The spoils are-subject.to both wind and water erosion, 

which dictates that cover of some type be.established as quickly as 

possible to prevent erosion (Rodder, et at., 1971).

Methods of Reclamation

Several procedures have been used to reclaim mine wastes. Chem-1
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ipal stabilization has been used when the substrate-'is toxic. to the 

point of preventing growth of vegetation (Loomis, 197Q), Revegetation 

is a much more desirable method of reclamation, as it brings the land 

back into production. . Shaping the spoils in some manner provides a 

more suitable seed..bed as well as aiding in preventing water erosiop, 

Eliminating steep slopes prevents sloughing due.to mechanical insta

bility and aids in establishment of vegetation (Hoddef, et a Z-., 1970).

Selection of species for revegetational purposes must be accom

plished for each area and often differs.within each mine site. 

Variability of the substrate creates differing growing conditions• 

within rather small ereas (Thompson, 1969). The intended use of the 

area being reclaimed will affect the selection of- species used (Gwynn, 

1966; Reilly, 1965). Wildlife habitat often requires, a different 

composition of species,than vegetation to be used as grazing for 

domestic stock;

Jacoby (1960) experimented with snowfence, jute netting and 

straw mulch to aid in establishment of vegetation at Kemmerer Coal 

Fields in southwestern Wyoming. Jute netting and straw mulch applied 

together resulted in.the highest seedling density of all methods 

tried.

Fertilization

Fertilization is often used as an aid to revegetating mine .
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spoils. Mine wastes' are'usually deficient in.one'or more of the plant 

nutrients, and the addition of chemical fertilizers .is an economical, 

method-of ■ correcting nutrient:deficiencies (Hodder, 1970; Jacoby,.

1969) .

Many-factors, including time, rate.and placement of fertilizers, 

as well as soil pH have long been^recognized as important for success

ful use of.fertilizers (Cole, et al. , ,1963; Follett and.Reichman,

1972; Lorenz .and Johnson, 1953). Olson and Dreier (1956a) pointed 

out that time .of fertilizer -application is important as it affects 

the,temperature of.the soil, which is a controlling factor.for soil 

microbial activity. Early, spring weather is .often cool, which inhibits 

the activities of the soil microbes. Release of organic-nitrogen■and 

conversion to the nitrate form is dependent upon the activity of t h e - 

soil■microorganisms.

' An adequate'supply of nitrogen early in the growing season en

hances- the uptake and translocation of phosphorus (Olson and Drier, 

1956b; Thien. and McFee, 1970). This enhancement ..effect' is not due ' 

to a companion effect.of both nutrients in the soil.solution simul

taneously but - rather due to an increased need for phosphorus because 

of higher nitrogen metabolism within the plant cells (Cole; et al. 3 
1963; Thien and.McFeei 1970).

Warm.weather-enhances fixation of phosphates and reduces the
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effectiveness .of added phosphorus fertilizers. Beaton and Read (1963), 

found that temperatures of 16° to 27° C. increased the solubility 

and mobility of phosphates, which led to a rapid fixation of these 

ions■into relatively insoluble compounds such as dicalcium phosphates 

and iron and aluminum phosphates. Phosphorus is not.subject to 

leaching loss and may be-beneficially applied either late in the fall, 

just before planting or at planting (Ensminger and Pearson, 1957).

Potassium fertilization often results in greater yields if ■. 

applied just prior to planting (Ignatieff .and Page, 1958). Potassium 

fertilizers ape usually very soluble and are subject.to considerable 

leaching loss over a period of,time. .

©Ison and Breier (1956a) found small amounts■of nitrogen 

fertilizer (22 kg/ha) .to-be ,.very .beneficial to germination, ©runes, 

et al.,, (1963) found that rates as high as 400 pounds per acre would 

produce increasing yields for many grasses. Stanford and Nelson 

(1949), and 01sen and Gardner (1949), found small amounts of phos

phorus beneficial. .Luxury amounts were not detrimental to growth, 

but neither did they produce higher yields. Potassium was necessary 

in moderate-amounts•(90 to 120.kg/ha), but heavier, applications,were. 

detrimental to dry., weight yield, and seed production (Wolton, et at. ̂ 
1968; Gately,'-1968; Boswell and Parks, 1957).

Nitrogen applied with the seed can inhibit seed germination by
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creating an environment with excess soluble salts. Nitrogen fertili

zation was more,efficient and less .damaging when applied either before 

planting or as a side dressing after germination. Phosphorus alone 

was found to be more.efficient when applied with the seed and not 

mixed in.with the soil (Olson and Dreier, 1956a).■ Heslep and Black 

(1954) found that phosphorus movement within the soil was limited 

to two-to-three centimeters, Nitrogen and phosphorus were "both more 

effective .when applied before seeding (Lorenz and Johnson, 1953;

Rennie and-Soper, 1958). Potassium fertilization was more effec

tive when applied with the seed (Baver, 1943),.

The■effectiveness or the possibility of.damage by.applied 

fertilizers is related to the amount of moisture in the soil. Olson 

and Dreier (1956a). concluded that low levels of moisture coupled with 

fertilization was likely to cause low rates of germination.

The pH of.the soil solution also affects the availablility o f • 

plant nutriepts through its effect on nutrient solubility (Murrmann 

and Peech, 196.9; Estermann and McLaren, 1961; Ensminger and Pearson, 

1957.) • The-optimum pH varies for different .nutrients and not all 

researchers agree on the optimum-pH.for each nutrient..

The source of nitrogen may have a slight effect on pH of the 

soil.immediately adjacent to the ,absorbing root surface (Riley and 

. Barber,- 1971), If nitrogen is applied in the ammonium form (NH^+ ), .
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pH tended to be lower, than if nitrogen was applied in the nitrate 

form (NO3 ). In this study the ammonium form of nitrogen tended to 

induce a higher uptake of phosphorus than did the nitrate form. 

Fertilization Response •

Response to nitrogen fertilization.is often rapid and more' 

pronounced than the effects of phosphorus and potassium fertiliza

tion. Its effect on the plant is a higher protein content and a 

lush, succulent vegetative, growth. Excess nitrogen may delay 

maturation (Buckman and Brady, 1960). However, nitrogen is easily 

leached from the soil profile and thus not available to the plant. 

Legumes need little if any additional nitrogen. . Rates as high as 

400 pounds per acre (357 kilograms per hectare) have been found to 

produce increased yields of grasses (Grunes, .6* 1963).

Phosphorus has the effect of hastening maturation and thus tends 

to offset the effect of excess nitrogen. Phosphorus is important 

in the strengthening o f ,the straw in grasses and small grains and 

the development of the root structure. Walton, et .aV. 3 (1968) 

found 56 to H O  kilograms per hectare optimum for three grasses on 

sodded pastures. Phosphorus fertilizers are insoluble and are not 

subject to leaching loss.

Most soils have sufficient quantities of potassium for normal 

plant growth. However, cropping or disturbance of the surface,which
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exposes • the sub-soil may create .. conditions that require application 

of potash for optimum-growth. Excessive■quantities of potassium may 

decrease- dry weight yields and kernal weight . (Gately, 1968).



DESCRIPTION OF STUDY AREA

Location and Topography

The site on.which,this research was conducted is located at.the 

Western Energy Company's strip-mine operation five miles southeast 

of ,Colstrip in Rosebud County, Montana (Section 17, TIN, R42E of 

the Montana Principle Meridian).

The topography of the general area is .rolling, with alter

nating ridges and draws. Much of the land■is covered with timber. 

While there are several drainages in the Immediate area of the 

mining operation, there is no runoff from the mine into these 

drainages and therefore, .stream pollution is not a problem.

The topography at.the strip-mined area consists mainly of 

steep-bapked overburden piles, nearly vertical highwalls, and deep 

pits. The steepness of the slopes is conducive to sloughing and 

water erosion.■ The site for the study was prepared by partially 

leveling the overburden - piles so that farm equipment could be - 

used to prepare a seedbed for planting. The slope ranged from 

nearly level to approximately a 3:1 grade.

Climate

Climate of the study area is variable with temperature.extremes, 

of 6Q0 C in normal years, often ranging from r>22° C to 43° C. ' July 

is generally the hottest month and December is. the coldest. Mean 

annual precipitation, for the area is 37,8 centimeters, with snow
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melt contributing approximately 11.4 cm. to the annual total. Rains 

normally begin in April and reach their peak in May and June. The 

growing season extends from March through June, with May being the 

most critical month for major forage production. Summers are hot 

and relatively dry. The average frost-free period is 125 days; the 

average date of last freeze is May 15 - 25 and the first fall freeze 

is expected about September 15 - 22 (Hodder, &t at., 1971). Monthly 

climatological data for Colstrip in 1971 are presented in Table I.

Table I. Monthly climatological data for Colstrip, Montana for 1971.

Temperature (0C) Precipitation (cm)■
Avg. for Deviation Total for Deviation
Month from Normal Month from Normal

January -7.8 —2.1 5.97 +4.50

February -3.8 +0.4 . 2.5 +0.64

March 1.2 +1.0 1.60 -0.94

April 7.8 +0.7 2.87 -1.30

May 13.3 +0.5 4.55 -1.19

June 18.8 +1.3 6.48 -0.99

July 21.0 -1.6 1.19 -1.92

August 24.5 +3.1 4.65 +1.55

September 13.5 -1.9 13.00 +10.44

October 6.7 -2.5 15.85 +12.75

November 2.4 + 1.2 0.46 -1.32

December -6.7 -3.8 1.80 +0.30

I/ Normal based on thirty years observations.
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Soils

The soils.material in this area. is. of sedimentary rock origin 

with the surface layer mostly loamy sands an,d sandy loams. There 

are layers within the overburden profile classified as clays. • These 

layers are rather thin and do not contribute much to the total volume 

of.overburden.

Table TI. Soil chemical analysis of raw spoils material at the 
Western Energy Site, Colstfip, Montand.

Variable Value Variable Value
pH 8.62 , Calcium (meg/lOOg) 12.0
Organic matter (%) 0,15 vl-7 Magnesium (meg/lOOg) . 3.25
Phosphorus (ppm) 8.0 vl Sodium (m&g/lOQg) 0.22
Potassium (ppm) 37.5 vl ' Salt hazard (mmhos/cm) 0.7
JL/ very- low

The spoil material tends to be slightly alkaline, with pH's 

averaging. 8.6 (Table II) . .The organic matter is quite low, less . 

than 0.2 percent. Both phosphorus and potassium are very low, eight 

ppm. and 37.5 ppm. respectively. The trace minerals are present in 

acceptable levels, being neither too high nor too low. The salt 

hazard, often a problem in spoils revegetation, was very low at

0.7 mmhos per centimeter.i/ Four mmhos per centimeter is considered 

toxic to "average" plants (Soil Survey Staff, 1951). The texture 

of the spoils material ranged.from sandy to sandy loam.

V  .Montana Soil Testing Laboratory Report.



METHODS AND.PROCEDURES

Greenhouse Experiment

The mining process used to reinove the overburden from above the . 

cp^l,seam.involved dynamiting and stripping the overburden and dumping 

it, thus forming spoils piles. The stripping procedure thoroughly 

mixed the spoilp material. In November of 1970, new mine spoils 

material became available for study, A representative sample of 

this material was transported,from Colstrip to Bozeman tp be used 

in the greenhouse,fertilizer studies.

The spoils material wap screened to remove aggregates.larger 

than five ceptfmeters in diameter. Approximately 1.6 kilograms of 

spoils material were weighed into each of 192 clay pots, The pots 

were placed in watering benphes in three replicates of 64 pots each.

Four levels each of nitrate (NO3-) , phosphorus (P2P5) , and potassium 
(K^Q) were applied in a factorial arrangement. The levels of nitro

gen and/or potassium used were.0, 56, 112,, and 224 kilograms of 

actual nutrient .per hectare. The levels of phosphorus used were.

0, 112, 224, 448 kilograms of actual nutrient per acre. All com

binations of the selected fertilizer levels were used, giving a total 

of 64 treatments in each of three replicates.

The amounts of fertilizer applied to each pot were calculated on 

a weight basis,. The weight of a furrow slice per hectare was .con-r 

sidered to weigh 2.24 X 10& kilograms, . Each pot contained approximately
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1.6 kilograms of spoils material. Thus, an application of 56 kilo

grams per hectare would be equivalent to 0.040 grams, per pot. The 

fertilizer used was analyzed as being.34 percent available nitrate. 

Therefore, 0.117 grams of nitrogen fertilizer were applied to the pots 

that contained the treatment of 56 kilograms of nitrate per hectare. 

The phosphorus fertilizer was 45 percent available phosphate, and the 

potassium fertilizer was 60 percent available potash,

The watering system used was automated, with each pot having an 

individual watering tube. The system was activated by a spring-loaded 

mechanism calibrated to the weight difference between the lowest level 

of soil moisture desired and the optimum soil moisture content of an 

indicator pot. The labor required to water all the pots was much less 

with the automatic system than with hand watering. One disadvantage 

of the automatic watering systetii was that the watering tubes became 

plugged by minerals precipitating out of the water.

Fifty-five days after planting, one-third of all plants were 

fully headed put and the remaining plants were at least in the boot 

stage. The height of the tallest plant in each pot was measured to 

the nearest.millimeter. The shoots were clipped at ground level.

Soil Was washed from the roots with a stream of water up.der low 

pressure. The vegetation.and roots from each.individual pot were
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sacked; separately and dried for 24 hours-.at ■ 100° .C. The weight; data 

were recorded upon removal from the drying oven,

■ Field .Study■

. The site chosen•for the field fertilizer study, located at, 

Colstrip, Montana, was-a west-facing slope with an overall 3:1 gra

dient which was part of a previous slope-and-exposure study. The- 

previous study had been band-seeded to thickspike wheatgrass 

(Agr01[pyvon dasystaahyum) to determine the relative advantages , of 

spring and fall seeding and the ..effect of slope on seedling estab

lishment. • Each fertilizer•treatment plot included both a spring 

and a,fall grass seeding block (Figure I). .Each spring and fall 

treatment plot measured, six -feet .by thirty .feet.

Three levels of nitrogen (0, 84, and 168 kg/ha), two levels of 

■phosphorus (0. and 179 kg/ha) and two levels of potassium (0 and 67 

kg/ha of actual nutrient) were applied using a.factorial arrange

ment . The design was a randomized complete block with three 

replications .■ .The fertilizer was weighed and mixed with an inert 

•filler so it. could be'applied uniformly over, the plot. A hand- 

operated broadcast seeder was used to apply the- treatments .■

.The fertilizer-treatments•were applied April 11, 1971 and the 

data were, ,collected the second week of. July, .1971; Four types of 

data: aerial and basal coverj dry.weight yield, and percent soil'

r
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moisture were collected. Aerial and basal cover data were■obtained
I

by using a point frame with ten vertical points spaced five centimeters 

apart; The first aerial foliage.contacted by a point was recorded,a s ■ 

ap aerial.hit. Whatever the point touched at the soil,surface level 

Was recorded as the basal hit. Only the first aerial hit with each 

pin was recorded. Each plot was -gridded and five sample - locations 

were selected at random using a table of random.numbers, At each 

location the point frame was placed perpendicular to the seeded, 

rows.

The total.frequency was obtained by dividing the number of 

hits by the number of samples. ‘ This term will be referred to as 

total frequency■in•this thesis. Each plot had fifty sample ob

servations. The relative frequency was obtained by dividing the 

number of hits by the number of times vegetation, either live or 

dead, was recorded afe hits. This term will be referred to as 

relative frequency in this thesis.

The production data were obtained by.placing a one-tenth square 

meter circular hoop at each sample site where.the center of the point 

frame-was located. The total vegetation rooted within the hoop was 

clipped by.hand, separated by.species and sacked for weighing. The 

sacks were .transported to Bozeman to be .dried at,100° C. for 24 hours 

and then cooled in a desiccator until weighing.
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Fall
- N2P2K2 N2P1K2 . - N2P1K1 , N3P2K2- -

Spring

Fall
I _ _N3P1K1 N1P2K1 _ N3P2K1 _ _ N3P1K2 _. Block I

Spring
____________

I

Fall
N1P2K2 NlPlKl .. N2P2K1 N1P1K2 I

Spring

Fall I ’
N1P2K2 NlPlKl N2P1K2 N3P2K1

Spring
I

Fall
N3P1K2 N3P2K2 N1P1K2 . N 2 P 2 K 1 , Block 2

Spring
I

Fall
N2P1K1 N2P2K2 N1P2K1., N3P1K1 _ ^ I

Spring I
I

! I
Fall

N2P1K2 N3P1K1
T

N2P2K2 N2P1K1 I
Spring I ~ I
Fall

N1P2K2 N3P1K2 NlPlKl N2P2K1 Block 3
Spring -

' -
Fall

_ N3P2K2 ... N1P1K2 _ N3P2K1J -N1P2K1. .
Spring

.
I

;ment codes:

NI
N2
N3

= O kg/ha 
= 84 kg/ha 
= 168 kg/ha

Pl = O kg/ha 
P2 = 179 kg/ha

Kl = O kg/ha 
K2 = 67 kg/ha

Figure I. Plot design of the field fertilizer study, Colstrip, Montana.
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The soil moisture data were obtained by driving, a King Tube into 

the soil profile and extracting a core,of soil. Five levels, 0 to 

15 cm., 15 to 30 cm., .30 to. 60 cm. ̂ 60. to 90 cm., and • 90 - to 120 cm. 

of the soil profile were sampled and placed into separate icans-for 

soil moisture determination. The cans were transported to Bozeman 

to be weighed, dried- for 24 hours at 100® C. and reweighed- to 

determine the soil moisture.



RESULTS AND DISCUSSION

Greenhouse Experiment

Of the three nutrients■studied (nitrogen, phosphorus and potassium), 

only nitrogen produced significant differences among various levels of 

application (Appendix Table I). While there is a lack of significant 

response to phosphorus, the trend is for higher production with higher rates 

of application. The lack of significant.response may have been due to 

the fact that when applied to the soil, it reverts to a rather insoluble 

dicalcium phosphate form (Buckman and Brady, 1960). Potassium is rather 

soluble and may have been lost by leaching. The lack of response may 

also have been the result of insufficient levels of applied nutrients.

The shoot-height■data revealed a difference in plant response 

between 56 kg/ha and 112 kg/ha of nitrogen (Table III). Plants grown with 

112 kg/ha and 168 kg/ha of nitrogen were significantly taller than those 

grown with 0 kg/ha and 56 kg/ha of nitrogen. Shoot.weight and root weight 

data showed similar results to shoot height.data-

Field Fertilization Study 

Soil Moisture Results

The soil.moisture data from the field fertilizer study at Colstrip 

showed significant variation in moisture content for blocks, treatments, - 

and depths of sampling (Appendix Table II). Block,one, at the top 

of the slope, had a higher moisture content,than the lower two blocks.

(Table IV). The higher water content may have been.due to
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Table III. Treatment means for shoot height, shoot weight, 
weight; Greenhouse Experiment.

and root

Treatments
Shoot
Height
(cm)

Shoot
Weight
(R)

Root
Weight
(R)

NITROGEN

0 'Kg/ha 24„0ai/ 0.50a 1,72a

56 kg/ha 26.2a 0.67a I.94ab

112 kg/ha 29.5b 1.12b 2.32bc

168 kg/ha 28.8b 1.27b 2.50c

PHOSPHORUS

0 kg/ha 27.5a 0.78a 2.37a

112 kg/ha 26.3a 0.87a 2,06a

224 kg/ha 26.5a 0.91a 2.. 04a

448 kg/ha 28.1a I.DOa 2.20a

POTASSIUM

. 0 kg/ha 27.6a O'. 96a 2.05a

56 kg/ha 27.2a 0.81a 1.93a

112 kg/ha 26.5a 0.87a 2.13a

168 kg/ha 27.2a 0.91a 2.38a

I/ 'Means followed by the same letter or letters are not significantly 
different (P 05) according to Duncan's New Multiple Range Test.
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the flatter slope on the upper block, which would allow more precip

itation to enter the soil rather than run off. All sampling depth 

zones had significantly different amounts of soil moisture, with the 

15 to 50 centimeter zone having the lowest and the 90 to 120 centimeter 

zone having the highest water content (Table IV).

Figure 2. Results of N = 112, P = 112, K = O  kg/ha in pot one; N = 56, 
P = 56, K = 56 kg/ha in pot two; and N = 0, P = 56, K =112 
kg/ha in pot three.

The surface sample zone (0 to 15 cm.) had a higher water content 

than the next lower zone, apparently due to a light rain shower a few 

days before the time of data collection. The second sample zone (15 to
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Figure 3. Spoils being prepared for the fertilizer study.

Figure 4. Field fertilizer treatment area, June, 1971, Colstrip, 
Montana.



30 centimeters) had the ldast amount of water* apparently because the 

moisture had been absorbed by the roots or evaporated out of the profile 

into the atmosphere* or botho

Table IV0 Percent soil moisture among blocks and sampling depths| 
field fertilizer study, Oolstrip, Montana*

Blocks % Moisture Depths
dr M

% Moisture

1 f- 4a
 

■

0  15 3.G5a

2 4.17b 1 5 - 3 0  . 2* 68b

3 3®95b ■ 30 -  60 4»®6c

6® — 90 4.95<i

90 -  120 6 .0 8 e

I/ Means followed by the letter are not significantly different
(P »05) according to Duncan's New Multiple Range Test*

Production Results

The analyses of variance of thickspike wheatgrass production 

shows significant responses to both nitrogen and phosphorus treatments 

(Appendix Table V)* There was no significant response to potassium 

fertilization*

The analyses of variance of total production shows significant 

responses for nitrogen, phosphorus and potassium treatments, and for 

the interactions between nitrogen and phosphorus and between nitrogen 

and potassium (Appendix Table V). There were significant differences



Table V. Treatment means for nitrogen, phosphorus and potassium by thickspike 
wheatgrass production and total herbage production for the field 
fertilizer study, Colstrip, Montana.

NITROGEN PHOSPHORUS POTASSIUM

Treatments
Thickspike
Wheatgrass
Productioni'

(kg/ha)

Total
Herbage

Production
(kg/ha)

Treatments
Thickspike
Wheatgrass
Production

(kg/ha)

Total
Herbage
Production

(kg/ha)

Treaments
Thickspike
Wheatgrass
Production

(kg/ha)

Total
Herbage

Production
(kg/ha)

168 kg/ha 271a^/ 1127a 179 kg/ha 334a 1167a 67 kg/ha 211a 992a

84 kg/ha 311a 1348b 0 kg/ha IlOb 713b 0 kg/ha 233a 889b

, 0 kg/ha 84b 346c

Jl/ Multiply kg/ha times 0.8921 to get pounds per acre.
2/ Means followed by the same letter are not significantly different (P .05) according to Duncan's New Multiple Range Test.

I
ND
LnI
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among blocks.

There was n o ■significant difference in response of thickspike 

wheatgrass production between.84 kg/ha and 168 kg/ha of.nitrogen; 

however, both produced significantly more than 0 kg/h'a (Table V). 

Total production varied significantly among levels. The applied 

nitrogen was.immediately available and may have been utilized more by 

the non-planted species than by the thickspike wheatgrass due to the 

rapidly developing root systems of the npn-planted species.

Both thickspike wheatgrass and total production showed signifi

cantly different responses to phosphorus between.the 0 kg/ha and 

179 kg/ha applications. Thickspike wheatgrass production showed no 

difference in response between 0 kg/ha and 67 kg/ha of potassium 

but total production did vary significantly between the two levels.

Table VI. Correlation of soil moisture content and production for the 
field.fertilizer study, Colstrip, Montana.

0 to 15 cm. . G rt Q 30 cm. 0 to 120 cm.

Thickspike 
Wheatgrass - 
Production

•Total
Production

Thickspike
Wheatgrass
Production

Total Thickspike
Production Wheatgrass 

Production

Total
Production

r = .0013 • r = .2962 f = .2108 • r = .5878 r ■= .097 r = .4415

r2= 1.69X10-6 r2= .0877 r2= .0444' r2= .3455 r2= .0092 r2= .1949

t = .013 NS t =  .31 NS t = .68 NS t = 2.30* t = .30 NS t = 1.56 NS
Significance: NS = Non-significant

* = Significant.at P .05



Table VII. Distribution of means of percent total aerial frequency for seasons, 
blocks and treatments (nitrogen, phosphorus and potassium); field 
fertilizer study. Colstrip, Montana.

Species Blocks
Treatments

Seasons
Nitrogen Phosphorus Potassium

Percent Percent Level Percent Level Percent Level Percent
Spring 33.213^ I 3 6 .6 6 a 0 kg/ha 31.94a 0 kg/ha 28.82a 0 kg/ha 37.82a

Thickspike
Wheatgrass

Fall 38.74a 2

3

40.01a

31.25a
84 kg/ha 
168 kg/ha

39.55a

36.43a
179 kg/ha 43.12b 6 7  kg/ha 34.13a

Standing
Dead

Vegetation

Spring
Fall

4.15a

7.45b

1

2 

3

9.34a
3.80b

4.27b

0 kg/ha 

84 kg/ha 
1 6 8 kg/ha

5.30a

5.65a
6 .4 6 a

0 kg/ha 

179 kg/ha

6.00a
5.61a

0 kg/ha 

6 7  kg/ha
5.6la
6.00a

Spring 6 2 .6 4 a I 58.02a 0 kg/ha 39.20a 0 kg/ha 57.11a 0 kg/ha 53.88a
Misc.
Species

Fall 53.80b 2

3

53.27a

58.57a

84 kg/ha 
1 6 8 kg/ha

70.33b

65.14b

179 kg/ha 59.34a 6? kg/ha 62.57a

l/ Means followed by the same letter are not significantly different (P .05) according to Duncan's New Multiple 
Range Test.

Iro
I



Table VIII. Distribution of means of percent total basal frequency for seasons, 
blocks and treatments (nitrogen, phosphorus and potassium); field 
fertilizer study, Colstrip, Montana.

Species
Treatments

Seasons
Nitrogen Phosphorus Potassium

Percent Percent Level Percent Level Percent Level Percent
Spring 32.99ai/ I 28.01a 0 kg/ha 25.08a 0 kg/ha 26.82a 0 kg/ha 30.54a

Thickspilce
Wheatgrass

Fall 30.78a 2

3

35.29a

32.28a
84 kg/ha 
168 kg/ha

38.93a
31.65a

179 kg/ha 36.95a 6 7  kg/ha 33.15a

Spring 45.02a I 55.07a 0 kg/ha 37.90a 0 kg/ha 30.54a 0 kg/ha 39.80a
Mulch Fall 42.89a 2

3

42.57a
34.26a

84 kg/ha 
168 kg/ha

42.88a

51.03a
179 kg/ha 57.36b 67 kg/ha 48.11a

Spring 21.76a I 22.07a 0 kg/ha 19.78a 0 kg/ha 27.06a 0 kg/ha 20.41a
Misc. 
Species

Fall 26.58a 2

3

22.07a

28.33a

84 kg/ha 
168 kg/ha

30.70a
22.07a

179 kg/ha 21.28a 6 7  kg/ha 27.93a

ihoOOI

l/ Means followed by the same letter are not significantly different (P = .05) according to Duncan's New Multiple 
Range Test.
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Correlation Results

The correlation between percent water in the soil profile and 

thickspike wheatgrass production was non-significant. The correlation 

between percent water in the sampling zone 15 to 30 centimeters and 

total production was non-significant at the P .05 level but was sig

nificant at the P .20 level (Table VI). The lack of correlation is

eo•H
■UU3
ndouPh
T-Hd4JOH

1400

1200

1000

cd 800

5
600

400

200

o L
o

121.3X -

I 2 3 4 5 6 7
Percent Moisture 

15 to 30 cm.

Figure 5. Regression of total production on percent moisture for the 
sampling depth of 15 to 30 centimeters.
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Figure 6. Field fertilizer treatments, August, 1971.

not explained. The regression of total production on percent water 

for the sampling depth of 15 to 30 centimeters is shown in Figure 5. 

There is a rather poor fit of the regression line with the points. 

Frequency Data Results

The frequency data were analyzed in three categories: thickspike

wheatgrass, dead vegetational cover, and miscellaneous spepies. Dead 

vegetative material was recorded as aerial if it were still standing. 

If it were lying on the ground, it was recorded as basal mulch. The 

miscellaneous species included such plants as yellow sweetclover 

(Melilotus officinalis)} curlycup gumweed (Grindelia squarrosa)3
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fringed sagewort (Artemisia frigida)} broom snakeweed (Gutierrezia 
sarothrae)j and Russian thistle (Salsola kali).

The analyses of variance of the aerial frequency of occurrence 

data (Appendix Table VII) showed few significant differences. Fre

quency of miscellaneous species and standing dead growth showed 

significant differences by seasons. Standing dead growth was sig

nificant for blocks, seasons, N X P  interaction, N X K  interaction, 

and the N X P X K  interaction. Only miscellaneous species showed any 

significant response to nitrogen fertilization while only thickspike 

wheatgrass revealed significant responses to phosphorus fertilization.

Figure 7. Non-fertilized treatment plot, July, 1971; field fertilizer 
study, Colstrip, Montana.



-32-

Figure 8. Plot fertilized with N = 168 kg/ha, P = 179 kg/ha, and
K = 67 kg/ha, July, 1971; field fertilizer study, Colstrip, 
Montana.

Potassium treatments resulted in no significant response in frequency 

of occurrence.

The distribution of means for aerial frequency data (Table VII), 

showed that thickspike wheatgrass had significantly higher frequency of 

occurrence in the plots with 179 kg/ha of phosphorus than in the plots 

with O kg/ha of phosphorus. The frequency of standing dead vegetation 

was higher in block one than in blocks two and three. Miscellaneous 

species were more frequent in the spring-seeded plots than in the fall- 

seeded plots. Miscellaneous species also were more frequent in the plots
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with 84 kg/ha and 168 kg/ha of nitrogen than in the check plot. No 

other fertilizer treatments showed significant differences.

The analysis of variance of the basal frequency data (Appendik 

Table VIII) showed no significant difference in frequency due to any 

factor for either thickspike wheatgrass or miscellaneous species. The 

analysis of the mulch frequency showed a response to phosphorus treat

ments. A comparison of means (Table VIII), shows there was signifi

cantly more mulch on the spring-seeded plots than on the fhll-s'eeded
I

plots. Neither thickspike wheatgrass nor miscellaneous spehies 

responded to’ phosphorus fertilization.

Table IX shows the relative and total frequencies by percent 

thickspike wheatgrass, standing dead vegetation, and miscellaneous 

species. Thickspike wheatgrass comprised '36 percent of the aerial

Table IX. Comparison of percent relative aerial frequency and percent 
total aerial frequdn'cy; field fertilizer study, Colstip, 
Montana.

Type of 
Data

Thickspike
Wheatgrass

(%)

Standing
Dead

Vegetation
(%)

Miscellaneous
Species

(%)

T1Otal
Frequency

(%)

Relative
Frequency 35.97 5.80 58.22 100.00

Total
Frequency 26.00 4.19 42.08 72.28 ■



-34-

vegetation contacted by a point. Miscellaneous species added 58 

percent and standing dead vegetation made up the remaining'six per

cent. The total frequency figures sum to 72 percent, indicating 

that 28 percent of the sampled area had no aerial cover.

The basal frequency (Table X) shows thickspike wheatgrass with 

32 percent, mulch 44 percent, and miscellaneous species with 24 per

cent relative frequency of occurrence. The total frequency 6f the 

total vegetation shows 25 percent of the area sampled had some type 

of basal cover. This means that 75 percent of the area had no basal ' 

cover at all. This small amount of ground cover is to be expected in 

new grass seedings of this type.

Table X. Comparison of percent relative basal frequency and percent 
total basal frequency; field fertilizer study., Colstrip, 
Montana.

Type of 
Data

Thickspike
Wheatgrass

(%)

Mulch

(%)

Miscellaneous
Species

(%)

Total
Frequency

(%)

Relative
Frequency 31.87 . 43.96 24.18 100.00

Total
Frequency 8.06 11.11 6.11 25.28

Total aerial frequency of thickspike wheatgrass is poorly correlated

with thickspike wheatgrass production (Table XI). Total aerial frequency
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Table XI. Correlation between production and percent frequency of
occurrence for thickspike wheatgrass and. total production; 
field fertilizer study. Colstrip, Montana.

Total Total
Aerial . Basal

Frequency____ ;_________ Frequency

Thickspike
Wheatgrass
Production r = .6448 r = .5096

Total
Production r = .8432 r = .3679

of total vegetation is much better correlated with total production, 

r = .8432. Total basal frequency is poorly correlated with both 

thickspike wheatgrass production and total production. The correlation 

between total aerial frequency and total production suggests that with 

further technique refinement, the successfulness of a seeding program 

may be evaluated by adequate frequency data alone.

The data was tested for sampling adequacy using Snedecor and 

ChochranvS formula n = t̂ESL, n is the sample size, p is the percent of 

successes, q is the percent of non-successes and L = According

to this formula, 148 samples per plot were necessary for the study to 

be adequately sampled with.150 samples taken.



SUMMARY AND CONCLUSIONS

Summary

A study of fertilization of coal-mine spoils was conducted with 

materials from the Western Energy Company coal mine at Colstrip 

during the period 1970-71. The objective of the study was■to deter

mine the levels of nitrogen, phosphorus and potassium needed for 

optimum establishment and growth of grasses on coal-mine spoils.

The methods used were to conduct a greenhouse experiment to 

determine approximate levels.of fertilization needed. Following the 

greenhouse study, a- field study was conducted on shaped mine spoils 

at Colstrip, Montana, using, various combinations of levels of nitro

gen, phosphorus and potassium.

Conclusion

Based on the experimental evidence and observations made during 

this research, the following conclusions are presented:

1. Successful establishment and growth of barley and thickspike 

wheatgrass may be accomplished with the use of commercial fertilizers. 

More research is needed to determine whether fertilization will have 

to be continued longer than one year for successful growth of thick- 

spike wheatgrass.

2. Correlations between soil moisture and vegetative production 

are erratic and more work needs to be.done.if this information is 

desired. The trend is as expected however; there is less moisture in
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the profile that supports more vegetation.

3. Nitrogen fertilization appears to. provide optimum vegetational 

yield at 112 kilograms per hectare. Higher rates do not create addi

tional response.

4. Phosphorus may need to be applied at rates exceeding 168 

kilograms per hectare. While results from the greenhouse experiment 

are non-conclusive, the higher rates of application tended to produce 

more dry weight yield. An insufficient number of levels of application 

were studied in the field study to be conclusive., for the optimum level 

of phosphorus.

5. There appears to be little benefit from potassium fertilization. 

Lack of need for potassium fertilization ILs not completely surprising 

because of the low requirement for this plant nutrient. Also, potas

sium is present in much greater quantities than either nitrogen or 

phosphorus in the mine spoils.

6. The study of fertilization of strip-mine spoils will have to 

be continued for several years before the full effects, of fertilization 

can be determined. The economics of commercial fertilization versus 

other methods of reclamation also need to be studied.

7. The correlation between production and frequency is rather 

inconsistent. With more work on technique of data collection, a more 

reliable correlation may be possible. If future studies show that
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production and frequency are well correlated, collection of fre

quency data is a rapid method of analyzing seedings on reclaimed 

spoils banks.



APPENDIX
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Appendix Table I. Summary of analyses of variance for shoot height3
shoot -Vfeight and root weight for the greenhouse 
experimento

Shoot. Shoot Root
Height Weight Weight

Spurce- of Degrees of Mean Mean Mean
Variation ■ Freedom. Square Square ■ Square ■

Total ' 191 — —

Blocks ' 2 87.61 0.17 . 8.61**

Treatments (S3) (33.27) (0.55)** (1.35)*

Nitrogen 3 309.70** 6.31** 6.03**

Phosphorus 3 35.06 0.44 1.74 ■

Potassium 3 9.91 0.18 1.34

N X P 9 28.83. 0.34 - 1.58 -

N X K
\

9 GDCO3 0.23 0.45

P. X  K 9 18.30 0.26 1.12

N X P X K 27' - 16.29 0.24 1.09

Error 126 34.27 0.26 1.10

Significance: ** =.P .01
* = P  .05
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Appendix Table,Il. Summapy of analysis of variance of soil.moisture

data for the field fertilize^ study ̂ Cplstrip5 ■ 
Montana.

Source of 
Variation .

Degrees of 
Freedom

Mean ■ 
Square -

Total 359 • —

Seasons I 2.43 ■

Blocks 2 8.86*

Treatments, 11- 20.22**

Depths 4 139.16**

Error 341 ■

Significance: ** = P .01 
* = P ,05



Appendix Table H I *  Summary © f :soil'moisture analysis by treatment and soil sampling
.. . . ..depth.for the field.fertilizer study, Colstrip, Montana.

Treatments’... Soil Sampling Depths-
0 - 1 5 15' - 30 30 --60 60 - 90 9 0 - 1 2 0 O - 128cm cm cm cm cm cm ■

NlPlKi-.1/ 2.9-8

!'COCOCN

I LO %.22 6.18' 3.98 cd2/
NlP1K2 3,55 2.93. 5.10 5.98 - 7.05. 4.92 -b
N1P2K1 2.45 LOCOi—I COCNCO 4.35 4.47 3.23 e

N1P2K2 2.00 H cn CO 2.37 3.95 5.07 2. 99 e
.N2P1K1 - 2 .,45 3.10 4.68 c-»CO[O 6.67 4.44 be
N2P1K2 COCNLO 3.25 4.70 ■ 5.32 6.18 4.94 b .
N2P2K1 4.08 ' 4.45 6.68- 6.70- 6.03- 5.59 -a
N2P.2K2 2.-58 t>HCN 2,45 3.53 LOOLO 3.16 e
NSPlKl. 2.45 1.80 3. 00 4.08 •6.47 3.56 de
N3P1K2 3.27 COOCO 4.65 6.22 6.72 - 4.79b
N3P2K1 CNCOCN 2.78 4b 00 LOCO 6.08 3.97 cd
N3P2K2 CDCN 2.63 4.07 LOCOLO 6.93 4.39 be
I/ NI = O ■ kg/ha Pl -. 0 kg/ha ' Kl'= 0 kg/ha*

N2 = 84 kg/ha P2= 179 kg/ha K2. = ■ 67 kg/ha
NS = 168 kg/ha

2/ Means followed by the same -letter or letters are significantly different (P .05) 
according to Duncan's - New Multiple ..Range Test.
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Appendi?c Table TV. $eil'moisture content and herbage production for
thd field fertilizer study, Colstrip,, Montana.

TREATMENT PERCENT'MOISTURE ' PRODUCTION
Ckg/ha)

. 9 - 15 
cm ■

15 - 30 
• • • cm

. 0 120 
cm

Thickspike
Wheatgrass

Total
Production

NlPlKl I/ 2,98 2.68- 3.98 63.3 206.6

N1P1K2 3.55 2.93 4.92 ■ 70.0 396.6

NIP2Kl 2 .'45 1.65 3.23 110,0 333.3

N1P2K2■ 2.00 1.58 2.99 - 83,3 426,6

N2P1K1 2.45 3.10 4.44 183.3 1126.6

N2P1K2 . 5.23 " 3.25 5.94 113.3 . 1083.2

N2P2K1■ 4.08 4.45 ■ 5,59 509.9 1863.1

N2P2K2 ■ 2.58 2.17 3.16 44,0,0 1376.5

N3P1K1 2 ^ 5 1.80 3. 56 126.7 586.6

N3P1K2 3.27 3.08 4,79 ■ 106.7 886.6

N3P2KJ. 2.62 2.78 3.97 400.0 1229.9

N3P2K2 , ■ 2-,,97 • • 2.63 4. 39 453.3 1793.2
------ ----- —------ ------1
I/ For identification oiF■treatment codes see Appendix Table VI , Page 45.
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Appendix'Table V. Summary of analyses of variance 
for the --field fertilizer study,

.of production data 
Colstrip, Montana.

Thickspike
Wehatgrass
Production

Total
Production

Source of .Degrees of Mean Mean
Variation " Freedom Square ■ Square

Total 359 — ---

Blocks . 2 5.82' 351.99**

Seasons. I 9 o 41 10.44-

Treatments . (12) (82.49)** (862.76)**

Nitrogen - 2 ' 176.54** 3327.58**-

Phosphorus■ I 449.35** 1854.59**

Potassium■ I 4,23 ■ .94.35*

N X P 2 83.37** 383.25**

N X  K 2 6.17 382.36**

P X X I 0.40 19.18

.N X P X K 2 1.85 . 99.29 -

Error . 344 : 6.71 35.37

Significance: ** = 'P .01
* = P .05 ■
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App^pdix'Table VI, Effects ©f 12 fertilizer treatments ©n herbage
productien(kilegrams per hectare), for the field 
fertilizer > study, Celstrip, Montana.

Treatment: I/ Thickspike
Wheatgrass 

• Production

Total
Forbs

Total
Production

NlPlKl 63,3 ■ 140.0 ' 206.6

N1PT^2 70.0 320, 0 396.6

N1P2K1 T10.0 216.6 333.3

NlP2K2 83.3 333,3 426.6

N2P1K1 , 183.3 ■ 936.6 ■ 1126.6

N2P1K2 113.3 963.2 . 1083.2

N2P2K1 509.9 1349.9 1863,1

N2P2K2 . 440.0 826.6 i.376.5

N3P1K1 126.7 456.6 586.6

N3P1K2 . 106.7 779.9 886 6 6

N3P2K1 ■ 400,0■ 819.9 1229.9

N3P2K2• 453.3 1336.5 1793.2

I/ Ni = ii0 kg/ha ■ Pl p 0 kg/ha Kl = 0 kg/ha ,
N2 .?? 
NS p

84 kg/ha P2 = : 
168 kg/ha

179 kg/ha K2 = 67 kg/ha



Appendix Table VII- Summary ©f analyses of variance ©f aerial frequency data for the
field fertilizer study, Celstrip, Montana.

Thickspike
Wheatgrass

Misc. 
Species

Standing
Bead

Vegetatridh

Source of Degrees of Mean Mean- Mean
Variation ■ ■ .Freedom Square Square Square

Total 71 ---- — —

Seasons I 72.00 183.68* 25.68**

Blocks. 2 61.29 - 72.04 ■ 29.-56**

Treatments (11) (82.12)* (254.64)** (11.04) **

Nitrogen 2 4 5 . 8 8 • 871.88** 1.10 -

Phosphorus ■' I 480„50** ■ 11.68." 0.35

Potassium I 32.00 177.35 0.35 "

N  .-X P 2 d-LO 127.-93.- 22.10**

N X K 2 55.54 - 208.51* 16.10*

P X K I. 9.39 COCOCOLO 1.68

N X P X K 2 7176 ’ 68.35 20.26**-

Error 57 34.91 44.35 3.54

Significance: ** = P „01
* = P „05



Appendix Table VIII=' Summary o f .analyses.of variance of basal frequency data for the.
field fertilizer study, Cdlstrip, Montana.

Thickspike ; 
Wheatgrass

Mulch 'Miscellaneous 
Species

Source of Degrees of Mean Mean Mean.
Variation ' Freedom ■ Square ■ Square -Square '
Total, 71 ---- --— —

Seasons I 1.39 ’ 1.39 • 6.72

Blocks. 2 . 5.TO 41.93 • 5. 01 -

Treatments ■ (11) . (10 = 81) (43.40)* (7.36)

Nitrogen 2 18.89 17.01, 12.60

Phosphorus I 29.39 206.72** 9.39

Potassium I 2.00 20.06 16.06

NXP-. 2 7.89 11.76 11.35 -

N\X K 2 12.50 21.68 1.01

P X K . I 0.89 0.22 5.56

N-X P X K . 2 5.06 32.10 0..10

Error 57 8.97 20.11 5.72
Significance: ** = P .01

* = P =05

-i
t
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Appepdix Table IX.

Common Names Scientific Names-^

Thickspike wheatgrass Agvopyvon- dasystaahyum (Hook) 
Seribn. var. Critana

Fpinged sagewort Artemisia frigida-VIilld.

Curlycup gumweed Grindelia squarrosa (Pursh.) Dunal,

Brooiri snakeweed Gutierrezia sarothrae (Pursh.) B&R.

Gateway barley Hordeum vulgare L. var. Gateway

Field barley Hordeurn vulgare L. var. Procter

Yellow sweetclover Melilotus officinalis (L.) Lam.

Russian thistle Salsola kali L.

Field corn Zea mays L.
V  Names of plants are based on Booth (1950) and Booth and Wright (1959)
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