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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 fLfild 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.
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ABSTRACT

Reclamation resegrch on coeal-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
Bdzeman the fall of 1970 for fertilizer trials in the greenhouse., The
levels.of application.used in the greenhouse-study were: nitregen.0,
56, 112 and. 168 kilograms per hectare;. phosphorus.0, 56, 112, &and. 224
kilograms per hectare; and potassium 0, 56, 112, and 168 kllograms per
hectare. A field fertlllzatlon study was.initiated in the- sprlng
of 1971. Nltrogen rates used were 0, 84, and 168 kilegrams: per
-hectare of actual nitrogen. Phosphorus rates were 0 and. 179 kilpgrams
per. hectare and potassiﬁm rates were’ Ocand”67:kilegrams per' hectare
of actual nutrient.

Shoof.heighﬁ,.shoot weight, and root weight. data were -obtainéd
from the greenhouse-$tudy. Aerial and basal cover, production by
weight, and percenf 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, Anal-
yses of the:data.from the fLeld study indicated that the -combination
of 84 kilograms per-hectare of nitrogen and. 179 kilograms per hectare
of phosphorus produced optimum resylts. Potassium fertilizatien
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 ceal
deposits,' The.increasing demand for electrical power has led
several utility companies te mine this coal to fire steam—driven
generators. The most econemical method of mining/is to strip off the
over-lying layer of seil apnd expose the coal, which is then remoeved.

) The-ecenomically retriévable'cqal underlies overbﬁrden varying in
thickness from almost none to overalOO,feeﬁ. The preocess of removing
the overburden leaves the mgtéfial} called speils, in varieus shaped
piles, depending on the combinatien of machinery .used.(Hedder, et al.,
1971). |

These "'spoils" axe.a dombination of surface soil, subsurface.
material and ceal slack. The-surface soil is presemnt.in various
thicknesses, depending upen the topographical location. The subsurface. .
materiél is variable in thickness, texture and composition. The-coal
slack is a mixture of the material immediately.adjacent £0 the coal ‘
seam and some.raw coal (Thompsoen, 1969).

The strip-mining of. ceal by the Northern Pacific Railread in the
Colstrip area began in 1924. Although the railroead did not practice-
any reclamatien, neither-dié it disturb much land. By 1956, after 30
vears of mining, less than three sections had been mined. Western

Energy Company, a subsidiary of Montana Power Cempany, began meving
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coal in 1968 and moving overburden in August of 1970. Since 1970, they
have disturbed approximately 50 te 100 acres-per year in their opera-
tions. |

Western Energy Company contracted with the Montana Agricultural
Experiment étation in- the Spring of 1968. te initiate applied research
studies to help determine the best reclamation practices to follow.
in the Celstrip area. Identifying specieé'adapted for reclamation and
developing planting procedures were two main goals of . this research.
Chemical analyses of the everburden indicated fértilizagion was a
necessary practice for oeptimum.plant establishment and grewth.

. The purpese of this fertilizatien research stﬁdy was toe find
guidelines-for the use of commercial fertilizers as a means of aiding
the reclamation precesé of coeal spoil Eanks at Coelstrip, Montana.

This study was conducted,in-twéxparts; the first a greenhouse study

te find general trends in nutrient requirements, the second a field
study . te further identify thése'nutrient requirements. The greenhouse
portion of the study was cenducted during the late 'winter .apd spring
of 1971.: The field fertilizer study, the second part ef 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 spoeil banks.

——— ]




LITERATURE REVIEW

Problgms'lnyolved

Most of the rec¢lamation of strip-mined speils has taken place in
the .eastern pertien ef.the United States .where .the precipitation
exceeds 30 inches annually. 1In 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 tepseil, with which reclamatien is much
easier. Depth of tepsoil in the West ranges from nene te several.
inches. The lack of topsoeil cemplicates the preoblem of reclamation
(Sullivan, 1967).

Reclamation of strip-mined speils in the western United States is
rather limited and is quite recent. The Knife River Ceal Mining
Company initiated a reclamation pregram in 1963 for its sites at
Beulah and Casceyne .in North Daketa and Savagé in easterm Montana.

The purpose of .this reclamatien was to revegetate these strip-mined
areas for game management. In these . areas, as in other arid regions,
it was found to take severél years before any coenclusions regarding
results as te success or failure could be made (Gwynn, 1966).

Reclamation at-Soda Springs, Idaho was-beéun in 1966 on\lands
that had been strip-mined for phespherus. Annual preeipitatien oen
this area averages.l4-inches. Vegetational response was pesitive,

but was net a spectacular success (Thompsen, 1969).
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Western Energy Compagy.funded the initiation. of pilot studies at
Colsfrip, Mentana, in .the fall of 1968. The purpese of .this reclama-
.tien was twoefold: to create‘grazing for livesteck and enhance.habitat
for wildlife.. The results of these pilet studies shewed that vegeta~-
tion could be established with .the use of commercial fertilizers.
Species adapted to the growing conditiens - of the spoils were identi-
fied and selected, for further study (Hedder, et al., 1971).

Every revegétation attempt is faced .with similar types of problems.
Often the'pH is. net-desirable for germinatien and establishment of
plants. The-pH may be.as loﬁ as two or .as high as ten (Thompson,

1969, Jacoby,.l969). Texture of spoils is oeften clayey, which makes
vegetation establishment difficult. Toxicity due-to excesses.of.
certain elements, 'such as-sedium or.sulphur, creates problems in mest
reclamatien attempts- (Hodder, 1972).

The: shape: of.the speils left by the mining operation is of great
concern. If the spoils are.left.in sFeep—sided, pointed piles, they
are ‘usually mechanically unstable and unsuited for suppoerting permanent
vegetation. The spoils are.subject .toe both wind and water erosion,
which dictates that cover-of some type be . established as quickly as
possible to prevent erosion (Hodder, et al., 1971).

Metheds of Reclamatioen

Several procedures -have been used to reclaim mine wastes. Chem~
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ical stabilization has -been used when the substrate‘is toexic.te the
point of prevernting growth of:vegetation (Loomis, 1970Q). Revegetation
is a much moere 'desirable method of reclamation, as it brings the .land
back .intoe production. . Shaping the speils in-seme manner provides a
more suitable seed.bed as well as aiding in preventing water erosion,
Eliminating steep slepes.prevents- sleughing due.teo mechanicél insta-
bility and aids in establishment of vegetation (Hedder, et al.,1970).
Selection of species for revegetatienal purpeses must be accom—
plished for each area and.oeften differs.within each mine site.
Variability ef the substrate creates differing growing conditiens-
.within rgther-small areds (Thempson, '1969). The intended_use of the
. afea—being.reélaimed will affect the selection of species used (Gwynn,
1966; Reilly, 1965). Wildlife habitat often requires a different
cemposition,ofispecies,than vegetation to be uéed as grazing for
domestic étock;
Jacab& (1960) experimented with snowfence, jute netting and

straw mulch to aid in establishment of Vegetation at Kemmerer Coal
.Fields in southwestern Wyeming. Jute‘netting and straw mulch applied
together -resulted in. the highest seedling density ef all methods
tried. - |

Fertilization

Fertilizatien is often used as an aid to revegetating mine .
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.speils. Mine wastes are‘usually deficient in ene or more of the plant

nutrients, and.thé additien of chemical fertilizers .is an ecenomical.
method: of -correcting nutrient.deficiencies (Hodder, 1970; Jacoby,.
1969).

Many facters, including time, rate.and placement .ef fertilizerxs,

as well as soil pH have leng beenhrecogn;zéd as important for success—

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

1972; Loerenz.and Johnsen,'1953). Olson and Dreier (1956a) peinted
out that time .of fertilizer'application‘is.impértant as”it:gfféqts
the;temperature‘of,;he‘soil, which is a éontrolling factoer. for soil
microebial activity, Eérly,spring weather-is .often ceol, which inhibits
the activities of~the seil micrebes. Release.of orggnic-nitrogen-and
conversion te the nitrate form is dependent upon the activity of the-
soil micreerganisms.

© An adequate:supply of nitregen early.in the growing season en-—
hances the hbtake;and translocation of phesphorus (Olsen and DPrier,
1956b; Thien and McFee, 1970). This enhancementnefﬁect‘is'nottdue'
te a coempanion effect .of bptH'nutrients in the soeil.selutien simul-
taneodusly but -rather Aue‘t@ an increased-need fer phesphorus becéuse,
of higher nitrqgen metabolism within the plant cells (que; et al.,
1963; Thien and McFee; 1970).

Warm weather -enhances fixation of phesphates and:reduces the
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effectiveness .of -added phesphorus fertilizers. Beaten and Read (1963),
found that teﬁperatures of .16° to .27° C. ‘'increased the solubility
and mebility of phosphates, which led to a rapid fixatiern of -these
ions ‘inte relatively inseluble compounds such as dicalcium phesphates
and iren and-aluminum-ph@sphates. Phospherus is net.subject to
leaching less and may be-beﬂeficiallyzapplied either late-in.the fall,
just before‘planting er at planting (Ehsminger and Pearsen, 1957).

' Potassium-fertilization often results'in greater yields if.
applied just prior to planting (Ignatieff .and Page, 1958). Potassium
ferﬁilizers are usually very solpble,;nd-are.subjectVto considerable
leaching less over a.peried of, time. |

Olsen and Dreier (1956a) found s%all,amounts-of nitfqgén
fertilizer (22 kg/ha) .to-be,very.beneficial to germination. .érunes,
et al., (1963). found that-ratés-as hiéh as 400 pounds per acre would
produce increasing yields for many grasses. Stanferd and Nelsen
(1949), and @lsen andvGardnern(i949), found small ambuntg:of phes—.
phorus beneficial. :Luxury amounts were ﬁot detrimental te grewth,
but neither did they produce.higher -yields. Potassium was necessary
in-moaerate:ameunts-(QG to 120 kg/ha), but heavier,appliéationé;were.
detrimental to dryxweighf yield and seed preductioen (Wélton, et al.,
1968; Cately, .1968; Boswell and Parks, 1957).

Nitrogen appliéd with the seed can inhibit seed germipatien by-
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creating an envirenment 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. Phesphorus alene
was found .toe be more.efficient when applied with the seed and net
mixed in.with the soil (0lsen and Dreier, 1956a).' Heslep and Black
(1954) found that phesphorus mevement within the seil was limited

te two-to-three centimeters, Nitreogen and phosphorus were beoth more
effective when applied beforé seeéding (Lorenz and Jehnsen, 1953;
Rennie and -Seper, 1958). Potassium fertilization was more effec-—
tive when applied with the seed (Baver, 1943),.

The-effectiveness er the pessibility of .damage ‘by.applied
fertilizers 'is related to the -amount of meisture in the seil. Olsen
and Dreier (1956a) concluded that low levels eof meisturé'ceupled with
fertilizatioen Waé likely to cause low rates of germinatien.

The pH of .the seil solution also affects the availablility of.
plant nut?ients through its effect on nutrient selubility (Murrmann
and P;ech, 1969; Estermann and McLaren, 1961; Ensminger and Pearson,
‘1952). The - op timum pH‘varies for different nutrients and neot all
resedrchers agree on the optimum-pH.for_each nutrient. .’

The source of nitroegen may have-a slight effect on pH of the
soil immediately adjacent té the absoerbing reet surface.(Riley and

.Bérber; 1971), 1If nitregen is applied in the ammenium form (NH4T),.
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pH tended to be lower. than if nitrogen was applied in the nitrate
form (N03_). In this study the ammonium form of nitrogen tended to
induce a higher uptake of phesphorus than did the nitraté form.

Fertilization Response -

<

Response.to nitrogen fertilization is often rapid and moere-
pronounced . than the effects of phespherus and potassium fertiliza-
tien. Its effect on the plant is a higher protein content and a
Jush, succulent -vegetative. growth. Excess nitroegen may delay
maturation (Buckman and Brady, 1960). However, ﬁitrogen is easily
leached from thé seil proefile and thus noet.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
preduce increased yields of grasses (Grunes,:et al., 1963).

Phosphorus-has the -effect of hastening maturation and thus tends
te offset the effect of excess nitroegen. Phosphoerus is'impertant
in the strengthening of . the straw in grasses and small gfains'and
the development of -the root structure. Walten, et al., (1968)
found 56 te 110 kilegrams per hectare optimum for three grasses on
sodded pastures. DPhesphorus fertilizers are-insoluble -and are not-
subject te leaching less.

Most soils have sufficient quantities of potassium fér noermal -

plant .growth. However, cropping or disturbance of the surface.which
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exposes -the sub-soil may create.conditions that require applicatioen
of -petash for optimum:grewth. Excessive quantities of potassium may

decrease ‘dry weight yields and kernal weight (Gately, 1968),




DESCRIPTION OF STUDBY AREA

Locatien and Topegraphy

The site én .which, this research was conducted is lecated at.the
Western Energy .- Company's strip—mine~éperatiop five miles soﬁtheast-
of Colstrip inARosebud County; Montana (Section 17, TIN, R42E of
tHe Montana Principle Meridian).

The topogréphy of'the.generai area is.roiling, with alter-
‘nating ridges and draws., Much of the land-is cQVered witﬁ timbér;
While ;heré'are several dréinages iﬁ the immediate area of the

“mining operation, there is no runeff from the mine inte these
'. drainages and therefore,.stream_pollutioﬁ is.nét a problem.

The-topography atnthé-strip—mined area consists mainly of
steep-banked overburden piles, nearly vertical highwalls, and deep
pits. The stéepness of the slopes is conducive to sloughing and
water erosien. The site for the study was prepared by partially
leveling the overburden-piles ;g'that~fafm epuiément could be-
used to prepare a segdbed foﬁ planting. The slepe ranged from
nearly level to approximatelf a 3:1 grade;

Climate

Climate of the study area is variable with temperature.extremes.
of 60° C in normal years, often ranging from =222 ¢ to 43° C. July
is generally the‘hottégt month and December is the coldest; Mean

annual precipitatioen for the area is 37.8 centinleters, with snow
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melt contributing approximately 1l.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 f;ost—free period is 125 days; the
average date of last frgeze is May 15 - 25 and the first fall freeze
is expected about»Septeﬁber 15 - 22 (Hodder, et al., 1971). vMontgly

climatological data for Colstrip in 1971 are presented in Table 1.

Table 1. Monthly climatological data for Colstrip, Montana for 1971.

Temperature (°C) Precipitation (cm)-

‘Avg. for Deviatiom 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
vAugust 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

1/ Normal based.on thirty years observations.
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| The soils material in this area. is. of sedimentary rock origin
with the surfaceflayer mostly- loamy san&s and sandy loams. Thefe
are layers within the overburden profile .classified as clays. - These
~ layers are rather thin.and do nqt'contribute-much to -the total velume

of,overburden,

Table II. Soil chemical analys1s of raw spoils material at the
Western Energy Site, Colstrlp, Montand.

_ Variable __Value " Variable _____Value
pH ' 8.62 1/ Calcium (meg/100g) 12,0
Organic matter (%) 0.15 vl= Magnesium (meg/100g) - . 3.25
Phosphorus (ppm) 8.0 vl Sodium (meg/l00g) 0.22
Potassium (ppm) 37.5 vl - Salt hazard (mmhos/cm) =~ 0.7

1/ very. low

The spoil material tends to be slightly alkaline, with pi's
averaginé,8;6 (Tablé IL). .The organic matter is quite low,. less
than 0.2 percent. Both phesphorus and potaséium are very low, eight
ppm. and 37.5 ppm. respectively. The trace minerals are‘présent in
acceptable levels, being néither too high nor too low. The salt
' hazard, often a problem in spoilsvrevegetation, was very low at
0.7 mmhos per centlmeter _( Four -mmhos per centimeter is considered
toxic to average”-plapts (Soil Survey Staff, 1951). The texture
of the spoils material ranged.frém gandy'to sandy. leam.

1/ Montana Soil Testing Laboratory Report.




METHODS AND PROCEDURES

Grgenhouse Expg?iment

The mining pfocéss uééd to remove the overburden from aﬁeve the .
coal .seam.involved dynamiting and-stribﬁing the overburden and dumping
Iiﬁ, thps'ferming spoilsjpilesel The stripping procedure .thoroughly
mixed“the.Speils'material,. in November.ef 1970,‘néw mine SPOils
material bgcéme available for stﬁdy, A.repfesentative samplé-of
this ‘material was trahépapted|from Colstrip té Bozeman te be used
A in the greenhouse,fertilizér,stqdies;

The spoils material was screened to. remove aggregates}iafger
than five centimeters iﬁ diameter. Approximately 1.6 kilegrams of
spolils material were weighea inte each of.192 clay pots.- The pots
were placed iﬁ watering benches in three replicates of 64 poté each.
“Four levels each of nitrate (NOB—)’ Ph(:).SPhori-'lS (Pg—05), and potaésium
_(KZO) were applied in a factorial arrangement. The 1eyels of nitro-
gen and/oer botassium 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-
bingtions of .the selected fertilizer levéls were used, giving a toetal.
of 64 treatments in.each of three replic?tes; !

-The'aﬁoﬁnts'ef fertilizer applied te each pot were.calculated on.

a weight basis, The weight of a furrow slice .per hectare was cenr

sidered to weigh -2.24 X 106 kilograms, .Each pot centained approximately
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1.6 kilograms of spoils material. Thils, 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 avdilable nitrate.
Therefore, O.ll% g?ams 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 phbsphate, and the
potassium fertilizer was 60 percent available potash,

The watering system used was automated, with each pot having aﬁ
individual watering tube. The system was activateéed by a spring-loaded
mechanism calibrated to the weight différence between the~lowést level
of soil moisture desired and the optimum soil moisture content of an
.indicater pot. The labor required to water all the pots was much less
wfth the automatic system thanuwith hand watering. One disadvantage
of the automatic watering system was that the watering'tubes'became
plugged by wminerals preciéitating out of the water. |
. Fifty-five days after Planting, one-third of all plants‘were
fully headed out 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 . wmillimeter. The shoots were clipped at gfound level.

Soil was washed from the roots with. a stream of water upder low

pressure. The vegetatien.and roots from each. individual pot were
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sacked- separately and dried for 24 hours.at:160° C. The Wéight éata
were recerded upon remeval frem the drying oven.

.Field Study.

. The site chesen.for the field fertilizer sfudy; located at.
Colstrip, Mentana, was-a Westffécing s}ope with an overall -3:1 gra-
Qient which was part-ef a previous slope-and-expoesure study. The-
previous study had been band-seeded to thickspike wheatgrass
(Agropyron dasystachyum) teo 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.l). .Each 'spring and fall.
treatment plot measured,six.ﬁeet.by thirty feet. .

Three levels of nitregen (0, 84;Vand'l68 kg/ha), two levels of
.phespherus (0..and i]9 kg/ha) and two leVels'of-potaésium (0-and 67
kg/ha of actual nutrient) were applied using a facterial arrange-
ment. The desién was g randemized coemplete block with three
replicatiens. .The fertilizer .was wéighed and mixed with an inert
+filler se it coeuld be‘applied-uniformiy over. the plet. A hand- _
operated broadcast seeder was used te apply the.treatments:

. The fertilizerutreatments-were applied April 11, 1971 and.the
. data were. collected the secend week of July, .1971l: .Four types -ef

data: aerial and basal cover, dry.weight yield, and percent seil:
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moisture were collected. Aerial and basal cever data were obtained
o : i

by using a point frame W%th ten vertical poeints. spaced five centimeters
apart: The first aerial foliage:contacted by a peint was recorded, as-
dn aerialhit. Whatever the poeint touéﬂed at the soil,surface‘levei
was recorded as the basal hit, Only the first aefial hié with each
pin was recorded. Each plot was.gridded and five sémple;locations
were selected at raﬁdom using a table of randem.numbers. At -each
locatioen the point:frame was placed perpendicular te the seeded.
TOWS . .

The total.frequency was.obtained by -dividing the number of
hits by the number of samples. ' This term will be referred to as
total frequencj'in-thié thesis. Each;plét had fifty sampie ob-
servations. The relative frequency was obtained by-dividing the
number of hits by the number of times Vegetation,'eiﬁher live or
dead, was recorded as hits; This term will be referred te as
relative frequency in.this thesisi

The1production data-were ‘obtained by .placing a one¥ténth square’
meter cirgulér-hoop at each sémple site where the -center of the point
frame;was loéated. The total vegetation rocted within'thejhoop 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 coeled in a desiccator until weighing.




Sl an

Fall { j |
|- N2P2K2 | N2P1K2 . . N2PIK1. |. N3P2K2. !
Spring ! i
Fall ? ;
_ _N3PIK1l N1P2K1 | _ N3P2K1l _|_N3P1K2 __.{ Block 1 |
Spring ' ‘
Fall
_ N1P2K2 | _ NIP1Kl_| _N2P2Kl N1P1K2
Spring
i
Fall ! |
_ N1P2K2 | _NIPIKL | N2PIK2 _ N3P2Kl
Spring
Fall !
N3P1K2 | N3P2K2 | NI1P1K2 |_N2P2Kl __, Block 2
Spring
Fall
N2PAKL . N2P2K2- 1.0 N1P2R1: |  N3RILKL
Spring
Fall | e
N2P1K2 N3P1KL N2P2K2  N2P1Kl_
Spring ‘ '
Fall f
NLP2K2 ..} N3PIK2" '} W NIP1K1l N2P2K1 Block 3
Spring i l
Fall | j
_ N3P2K2 _| _NIP1K2 _| _ N3P2Kl_ | _NIP2Kl
Spring | ’
Treatment codes: ; RO
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Figure 1.

Plot design of the

field fertilizer

study, Colstrip, Montana.




—19;

The -seil moeisture data were obtained by driving a King.Tube inte
the 'soil proefile and extracting a.cere,of.éail. Five ‘levels, 0 to
-15 cm., 15 te 30 cm.,-.30 to 60 'cm., 60 to 90 cm., and-90-to 120 cm.-
of the soil proefile were sampled and~placedvinto separatefcans'fer_
soil meisture determinatien. .The cans were transported te Bezeman-
to be weighed, dried for 24 ‘hours at 100° C. and reweighed to

. determine -the soeil meisture.




RESULTS AND DISCUSSION

Greenhouse Experiment

Of the three nutrients.studied (nitrogen, phesphorus and potassium),’
only nitrogen produced significant differences amogé various levels of
application (Appenﬁix Table - I). While there is a lack of significant
response to phospherus, the trend is for higher production with higher rateé
of applicatién, The lack of significant,fesponéé may héve'been due to
the fact that when applied to the soil, it reverts to a rather insoluble
dicalecium phosphate form (Buckman and Bfady? 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.Weré significantly taller than those
grown with O kg/ha and 56 kg/ha of nitrogen. Shoot .weight -and root weight

‘data showed similar results to shoot height.data.

Fielleertiliza;ion Study

Soil Moisture Results

The soil moisture data frem the field fertilizer study at Colstrip
showed significant varigtien in moisture coﬁtent for blocks, treatménts,
and depths of sampling (Appendix Table II). Bloeck.one, at the top |
of the slope, had-a higher mqisture coﬁtent,than the lower: two blocks.

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

Shoot Shoot Root
Treatments Height Weight Weight
(cm) (g) (g)
" NITROGEN |

0 Kg/ha 24.0a% . 0.50a 1.72a

56 kg/ha 26.2a 0.67a 1.94ab

112 kg/ha 29.,5b : 1.12b .2.32bc

168 kg/ha 28.8b 1.27b 2.50¢
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 1.00a 2.20a
POTASSTIUM

. 0 kg/ha ‘ 27.6a 0.96a - 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

1/ "Means followed by the same letter or letters are not significantly
different (P-,05) according to Duncan's New Multiple Range Test.




D
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 30 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 = 0 kg/ha in pot one; N = 56,
P = 56, K = 56 kg/ha in pot two; and N = O, P = 56, K =112
kg/ha in pot three.

The surface sample zone (O 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




Figure 4. Field fertilizer treatment area, June, 1971, Colstrip,
Montana.
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30 centimeters) had the léast amount of water, apparently because the
moisture had been absorbed by the roots or evaporated out of the profile
into the atmosphere, or beth.

Table IV. Percent soil moisture among bleocks and sampling depthsj
field fertilizer study, CGolstrip, Montana,

Blocks % Moisture . Degggs % Moisture
1 4m47al/ - 0 =15 | 3.05a
2 4,17b | 15 - 30 2.68b
3 | 3.95b. 30 -~ 60 - h,06¢c
60 = 90 4,954
90 ~ 120 6.08e

1/ Means followed by the Gamé 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 respoﬁses to both nitrogen and phosphorus treatments
A(Appendii Table V). There was no significant résponée to potassium
fertilization, |

The analyses of variance of total production shows significant
responses for nitrogen; phosphorus and potassium treatments, -and for
the intéractions between nitrogen and phosphorus and between nitrogen

and potassium (Appendix Table ). Tﬁere'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 POTASSTIUM
Thickspike Total Thickspike Total Thickspike Total
Treatments Wheatgrass_, Herbage Treatments Wheatgrass Herbage Treaments Wheatgrass Herbage
Production—/ Production Production Production Production Production
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)
168 kg/ha 27135/ 1127a 179 kg/ha 334a 1167a 67 kg/ha 211a 992a
84 kg/ha 3lla 1348b 0 kg/ha 110b 713b 0 kg/ha 233a 889b
. 0 kg/ha 84b 346¢
1/ 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.

_gz_
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among bloecks.

There was no-significant difference in respense of thickspike
wheatgrass proeduction between 84 ké/ha-gnd.l68 kg/ha of nitregen;
however, beth produced significantly more than 0 kg/ha (Table V).
Total pgoduction %aried significantly ameng levels. The applied
nitrogen was.immediétely available and may-have been utilized more by
the nen-planted species than by the thickspike wheatgrass- due Fo the
‘rapidly deveioping-root systems of the non—plantedlspecies.

Both thickspike wheatgrass and tetal ‘production shoewed signifi—
gantly different respenses to phosphorus betweén~the 0 kg/ha and
179 kg/ha applications. Thickspike wheatgrass p:o&uctioﬁ ghoﬁed ne
difference in response bgtween 0 kg/ha and 67 kg/ha of potassium
but total productien did vary significantly between the two levels.

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

0 te 15 cm.. 15 te 30 cm. 0 te 120 cm.
Thickspike ‘Total Thickspike Total Thickspike Total
Wheatgrass - . Preduction Whéatgrass Proeduction Wheatgrass Production
Productien ' Production Production
r = .0013 . r = .2962 ¢ = .2108 - ¥ = .5878 = .097 r = 4415

r2= 1.69%100 2= .0877 %= .0444 2= .3455 r2

0092 2= .1949

t = .01L3 NS t-= .31 NS t= .68 NS t=2.30% ¢
Significance: NS = Non-significant
% = Significant.at P .05

_.30.NS_t =1.56 NS




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

Treatments
Species Seasons Blocks
Nitrogen Phosphorus Potassium
Percent Percent Level Percent Level Percent Level Percent
Spring 33.21al/ )t 36.66a 0 kg/ha 31.94a 0 kg/ha 28.82a 0 kg/ha 37.82a
Thickspike Fall 38.7La 2  40.0la 8L kg/ha 39.55a 179 kg/ha  43.12b 67 kg/ha 34.13a
Wheatgrass
3 31.25a 168 kg/ha 36.43a
Spring L.15a i 9.34a 0 kg/ha 5.30a 0 kg/ha 6.00a 0 kg/ha 5.6la
Standing
Dead Fall 7.45b 2 3.80b 8L kg/ha 5.65a 179 kg/ha 5.6la 67 kg/ha 6.00a
Vegetation
3 L.27b 168 kg/ha b.46a
Spring 62.64a it 58.02a 0 kg/ha 39.20a 0 kg/ha 57.11a 0 kg/ha 53.88a
Misc. Fall 53.80b 2 53.27a 8L kg/ha 70.33b 179 kg/ha 59.34a 67 kg/ha 62.57a
Species
3  58.57a 168 kg/ha  65.14b

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

Range Test.

_Lz_




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

Treatments
Species Seasons Blocks
Nitrogen Phosphorus Potassium
Percent Percent Level Percent Level Percent Level Percent
Spring 32.9935/ 1l 28.0la 0 kg/ha 25.08a 0 kg/ha 26.82a 0 kg/ha 30.54a
Thickspike Fall 30.78a 9 35.29a 8l kg/ha 38.93a 179 kg/ha 36.95a 67 kg/ha 33.15a
Wheatgrass
3 32.28a 168 kg/ha  31.65a
Spring L5.02a 1 55.07a 0 kg/ha  37.90a 0 kg/ha  30.54a 0 kg/ha 39.80a
Mulch Fall 42.89a 2 L2.57a 8l kg/ha 42.88a 179 kg/ha 57.36b 67 kg/ha 48.11a
3 3L.26a 168 kg/ha 51.03a
Spring 21.76a 1 22.07a 0 kg/ha 19.78a 0 kg/ha 27.06a 0 kg/ha 20.41a
Misc. Fall 26.58a 2 22.07a 8L kg/ha 30.70a 179 kg/ha 21.28a 67 kg/ha 27.93a

Species
3 28.33a 168 kg/ha  22.07a

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

_8Z_
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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

1400 [ 0

1200

1000 |- >

800

(kg/ha)

600 |~

Total Production

400 Y = 121.3X - 41.8

0 1 PR R TR

Percent Moisture
151 te 30 ‘em.

Figure 5. Regression of total production on percent moisture for the
sampling depth of 15 to 30 centimeters.




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 species. 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),
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fringed sagewort (Artemisia frigida), broom snakeweed (Gutierrezia
sarothrae), 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.
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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 0 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 cheek plot. No.
other fertilizer treatments showed significant differences.

The analysis of variance of the basal frequency data (Appendix
Table VIII) showed no significant difference in frequency due to any
factor for either thickspike wheatgrass or miscellaneous speciee, The
analysis of the mulch frequency showed a reeponse 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 fall—&éeded
plots. Neither thickspike wheatgrass[nor miscellaneous species
responded to phosphorus fertilization.

Table IX shows the relative and total frequencies by percent
thickspike Qheatgrass? standing dead vegetatiqﬂ, and miscellaneous
species. Thickspike wheatgrass comprised 36 percent of the aerial

Table IX. Comparison of percent relative aerial frequency and percent
total aerial frequémcy; field fertilizer study, Colstip,

Montana. :

Type of " Thickspike Standing Miscellaneous Total

Data Wheatgrass Dead Species Frequency

Vegetation '
(%) (%) @) (%)

Relative )
Frequency 35.97 5.80 58.22 100.00

Total

Frequercy 26.00 . 419 ' 42,08 72.28
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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 percént of the area sampled had some type
.of basal covef. This means that 75 percent of the area had no basal -
cover at all. This small amount of ground covef 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 Thickspike Mulch Miscellaneous Total
Data Wheatgrass . Species . 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 thicképike 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 végetatidn is much better correlated with total production,
r = ,8432, Total basal fre&uency is poorly correlated with both
thickgpike 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
Chochran's formulé n = igﬂ, n is the sample size, p is the percent of

L .

successes, q is the percent of non~successes and L = éygi. 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 aﬁproxiﬁate-levels_of fertilization needed. Following the
greenhouse study, a field study was conducted on shaped mine spoils
at Colstrip, Moentana, using various combinations of levels of nitro-
gen, phosphorus and potassium. ’

Conclusion

Based on the experimental evidence and oebservations made during
this research, the following conclusions are presented:

1. Successful establishment and growth of'barley and thickspike
wheatgrass may be accemplished with the use -of commercial fertilizers.
More research is needed to determine whether fertiligzatien will have
to be continued lenger 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 iﬁsufficient 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 4g not completely surprising
because of the low réquirement 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-mime spoils will have to
be continued for several years before the full effects. of fertilization
can be determined. The economics of cbﬁmercial 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 amalyzing seedings on reclaimed

spoils banks.
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Appendix Table I. Summary of analyses of variance for sheot height,
shoot weight and root weight fer the greenhouse

experiment.
Shoot . Shoot " Root
Height = Weight Weight
Seurce of Dééreéé.of ' ‘ Mean . Mean . Mean
Variatien - Freedom ‘Square Sgquare - Square
Total | - ) :191 . ' 'F—;— . A~r;— N
Blocks' 2 87661_ 0.7 s.elwd
Treatments (63) (33.27) (0.,55)%* (1.35)%*
Nitrogen | 3 _ 309.70%% 6. 31 . 6.03%%
Phespherus 3 » 35.06 0. 44 1.74-
Potassium 3 ' 9,91 0.18 1.34
NXP 9 28.83. 0.34. 1.58-
N XK \ 9 l$p36 0.23 ®.45
P XK 9 18.30 0.26 1.12
NXPXK o7 . 16.29 0.2 1.09
Error : : i26 34,27 ‘ 0.26 - lold
Significanqe; #% = P ,0L .
' * = P .05
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‘Appendix Table,II. Summary ef analysis of variance of seil meisture
' : data for the field fertilizer study, Colstrip,

Méntana.
Source éf T Degrees of Méan-
Variatign. - Freedom Square -
Total 359 - I
Seaséns.- 1 2.43 .
Blocks 2 8.86%
Treatments . 11- 20,22%%
Depths y 139.16%*
Errer . 341.-
Sigﬁificance:’ =P 01




Appendix Table ITI. Summary of:seil meisture analysis by treatment and seil sampling
) depth fer the fleld fertlllzer study, Colstrlp, Montana.

-Tfeatmenfsf*"'?- B ’  _ Seil Sampllng Depths. .
' 8- 15 15230 30 --60 60 - 90 90 --120 D - 120
) . cm . Cmi i cm cm Cm . cm- - B
CNIPIKIN1/ 2,98 .68 . 3.85- 14,22 6.18 - 3.98 cd2/
N1P1K2 3,55 © 2,83 . 5.10. 5.98 . 7.05. - 4,92-p
N1P2K1 . 2,45 . 1.65 3.23 14,35 Iy, 47 3.23 ¢
N1P2K?2 2,00 1.58 2.37  8.95 5,07 2.99 e
. N2P1K1 2,15 3.10 . 4,60 5.37 6.67 B4k be
. =
N2P1K2 5.23 3.25 14,70 - 5.32 6.18 TINCTE N
N2P2K1 4,08 .45 6.68 - 6.70 - 6.03 . 5.59 -a
N2P2K2 2.58 2.17 2.45 3.53 5.05 3.6 e
N3P1KL . o.45  1.80 - 3,00 .08 6.17 3.56 de
N3P1K2 3.27 3.08 4,65 6.22 ©6.72 . .79 b
N3P2K1 2,62 - 2.78 4,00 i, 35 6.08 3.97 cd
N3P2K2 - 2,97 2,63  4.07  5.35 6.93 4.39 be
1/ N1 = O kg/ha' - Pl =, 0 kg/ha "Ki'= 0 kg/ha i ] T
N2 = 8l kg/ha P2-=-179 kg/ha K2 =67 kg/ha
N3 = 168 kg/ha

2/ Means follewed by the same -letter or letters are significantly different (P .05)
accordlng to Duncan's -New Multiple. Range Test,
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Appendix Table IV. Sell meisture content and herbage produétion for
theé field flertiliger study, Colstrip. Mentana.

PRODUCTION

TREATMENT " PERGENT MOISTURE
o " (kg/ha)
.Q.— 15‘ 'i5:; 30 .C'; 120 Thicképike. Total
em- .. cm cm Wheatgrass Production
N1P1K1 1/ 2.e8. 268 3.98 63.3 2@6;6
N1P1K2 3.55 2.93. 4.92 - 70.0 396.6
N1P2K1 2.5 1.65 3.23 110, 0 333.3
N1P2K2 - 2.00-  1.58. 2.99 - 83,3 426.6
NQPI1K1 2,45 3.10 I, L4l 183.3 1126.6
" N2P1K2 5.23 3.25 5.94 113.8 1083.2
N2P2K1 - 4,08  L.U45 5,59 509.9 1863.1
N2P2K2 2,58 2.17 3.16 4P, 0 1376.5
NSP1K1 2:145 1.80 3.56 126.7 586.6
N8P1K2 3.27.  3.08- 1,79 . 106.7 886.6
N3P2K1 2.82. 2.78. 3.97 400. 0 1229.9
N3P2K2 2,97 283 .39 453.3 1793.2

1/ Fer identificatien of .tyreatment codes see Appendix Table VI, Page u45.




Appendix Table V.

R TH TR

Summary eof ‘analyses of variance. of preductien data
for ﬁhe=fiqld feptilizen study, Colstrip, Mentana.

Thickspike - '

Teotal

Wehafgrass _ Proeductien
. Production
Seufce of — .Eegreesﬂof | Méan' Mean
Variatien - Freedem Square Square
Tetgl | Bsé :— o ﬂ—--_ —
Blocks 2 5. 82 351.99%%
Seasens . 1 9,41 10, 4 -
Treatments .(12) (82.L9)%% (8%2676)**
Nitrogen . 5 176 5u 3327.58%%.
Phesphorus - 1 449, 35%% 1854, 5Q%:
Potassium. 1 : » 4,;23. ,94035*
N XP 2 | 83, 37 383, 25%%
NX K 2 6.17 382, 36+
PXK 1 0.40 19.18
NXP XK 2 | 1.85. 89.29 .
Error 34y ) . L6871 _35057
Significance: #% =.P .@i | U '

i1
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Appendix Table VI. Effects of 12 fertilizer treatments en herbage
proguctien,:(kil@grams per hectare), for the field
- fertilizer.study, Célstrip, Montana.

Treatment 1/ ' Thiékspike‘  Totai 'Tetai

‘ : Wheatgrass Forbs Productioen

Productign

'ﬁlrlkil o 63;3 C 1ne.0 R 206.6
N1BLK2 . 70.0 320.0 | 396.6
N1P2KL . 110.0 216.6 333.3
NI1P2K2 o 83.3 333,3 - 426.6
N2PI1K1, - 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 1376.5
N3P1K1 126.7 456.6 586.6
NSP1K2 . ' 106.7 779.9 886.6
N3P2K1 - | 490.0. 819.9 1229.9
N3P2K2- . 453.3  1336.5 . 1793.2
i/ Nl_=‘il0 kg}hah 'Pi = Ié‘kgkﬁa Kl = 0 kg/ha,'.

'~ N2 s 84 kg/ha P2'= 179 kg/ha K2 = 67 kg/ha

. ‘

N3 = 168 kg/ha




Appendix Table VII.

Summary eof analyses of variance of aerial frequency data for the
field fertilizer study, Coistrip, Mentana.

Standing

Thickspike Misc.
Wheatgrass Species Dead
i : Yéggtat?én
Source of Degrees-éf Mean Mean. Mean
Variatien - . .Freedom Square - Square Square
Total T on - - e
Seasens 1 72.00 183.68% 25.68%%
Blecks. . 2 61,29 - 72.04 - 29, 56%®
Treatments (11) (82.12)% (254, 61 ) (1i.ou)='=* ;5
Nitregen 2 15,88 871.88%% 1.10 l
Phosphoerus 1 1480, 50%: 11.68 0.35
Potassium 1 32.00 177.35 0.35"
NXP 2 81.54 127.93.. 22.10%*
N XK 2 55,54 - 208,51% 16.10%
PXK 1. 9.39 58.68 1.68
NXPXK 2 7.76 68.35 20.26%F.
Errer 3.54

Significance:

......

57

°

v v
@ O
o=

34,91

44,35




Appendix Table VIII. Summary of . .analyses.of variance of basal frequency data feor the.

field fertilizer study, Colstrip, HYentana.

Mulch

Thiﬁképiké; 'Miscellaneous

) VWhgatgyass Spgcies

Seurce of .Degréés'of _ :  Mean Mean Mean.

Variatien = . . Freedem- B © . . Sduare - Square Square
Total . o . S J— o i
Seasoens 1 - v 1.39 1.39: 6.72
Blocks. | 2 . 5.70 41,93 5.01-
Treatments- (11) . (10.81) (43.4@)¥ (7.36)
Nitrogen 2 18.39 17.01 12.60
Phespherus 1 29.39 206, 72%% 9.39
Potassium . 1 2.00 20.06 16.06
N X P- 2 7.39 11.76 11.835-
N XK ‘ 2 12.50 21.68 1.01
P XK 1 0.89 0.22 5.56
NXPXK . 2 . 5.06 32.10 0.10
Errer 57 _ : . 8.97 ,20,11_ | 5.72,

Significance: %% = P .01 ' ' S ‘ B

non

P..05

_.L-hx_




Appendix Table IX.
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Common Names

Scientific Namesi/

Thickspike wheatgrass

Fringed sagewort
Curlycup gumweed
Broom snakeweed
Gateway barley
Field barley
Yellow sweetclover
Russian thistle

Field corn

Agropyron. dasystachyum (Hook)
Seribn. var. Critana

Artemisia frigida -Willd.

Grindelia squarrosa (Pursh.) Dunal,
Gutierrezia sarothrae (Pursh.) B&R.
Hordeum vulgare L. var. Gateway
Hordeum vulgare 1. var. Procter
Mélizgtus officinalis (L.) Lam.
Salsola kali L.

Zea mays L.

1/ Names of ﬁlants are based on Booth (1950) and Booth and Wright (1959).
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