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Abstract:

Research was conducted on coal-mine spoils at Colstrip, Montana in the spring and summer of 1975.
The purpose of this study was to determine the initial effectiveness of different species and fertilizer
treatments in revegetating mine spoils.

A randomized, complete block design of five seeding treatments and two fertilizer levels was employed
in the field at Colstrip, Montana.

Six species treatments and two fertilizer levels were used in. a greenhouse experiment. Thickspike
wheatgrass (Agropyron dasystachyum), crested wheatgrass (Agropyron cristatum), ranger alfalfa
(Medicago sativa) and fourwing saltbush (Atriplex canescens) were seeded individually and as a four
species mixture. A 16 species mixture was included in the greenhouse species treatments. Experimental
units from a nearby study planted to the 16 species mixture were compared to the four species mixture
in the field experiment. Fertilizer was applied to both experiments at rates of 0-0-0 and 37-94-0 kg/ha
of N, P205, and K20.

Density, above ground biomass, and below ground biomass were estimated in both the greenhouse and
field experiments. Canopy coverage data were collected for the field experiment.

Statistical analyses of the greenhouse data showed that fertilizer increased the productivity of all
species treatments. The mixture of four species was superior to other species treatments in production.
Analyses of data from the field experiment revealed that the species treatments did not respond
uniformly to fertilizer application.

Fertilizer increased the above ground biomass of grasses but had no significant effect on legumes and
shrubs. There was no significant difference between the four species mixture and a 16 species mixture
in density, canopy coverage, and productivity. The ideal species and fertilizer treatment combination
for good initial stabilization and high productivity on coal-mine spoils is still a reclamation problem.

The study must be continued for several years before it can be determined which species treatment and
fertilizer application rate best meets the objectives of reclamation.
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ABSTRACT

Research was conducted on coal-mine spoils at Colstrip, Montana in
the spring and summer of 1975. The purpose of this study was to deter—
mine the initial effectiveness of different species and fertilizer
treatments in revegetating mine spoils.,

A randomized, complete block design of five seeding treatments and
two fertilizer levels was employed in the field at Colstrip, Montana.
Six species treatments and two fertilizer levels were used in. a green-
house experiment. Thickspike wheatgrass (Agropyron dasystachyum),
crested wheatgrass (Agropyron cristatum), ranger alfalfa (Medicago
sativa) and fourwing saltbush (Atriplex canescens) were seeded individ-
uvally and as a four species mixture. A 16 species mixture was included
in the greenhouse species treatments. Experimental units from a nearby
study planted to the 16 species mixture were compared to the four
species mixture in the field experiment. Fertilizer was applied to both
experiments at rates of 0-0-0 and 37-94-0 kg/ha of N, P205, and K20.

Density, above ground biomass, and below ground biomass were
estimated in both the greenhouse and field experiments. Canopy coverage
datawere collected for the field experiment.

Statistical analyses of the greenhouse data showed that fertilizer
increased the productivity of all species treatments. The mixture of
four species was superior to other species treatments in production.
Analyses of data from the field experiment revealed that the species
treatments did not respond uniformly to fertilizer application.

Fertilizer increased the ‘above ground biomass of grasses but had no
significant effect on legumes and shrubs. There was no significant
difference between the four species mixture and a 16 species mixture in
density, canopy coverage, and productivity. The ideal species and
_ fertilizer treatment combination for good initial stabilization and
high productivity on coal-mine spoils is still a reclamation problem.

The study must be continued for several years before it can be
determined which species treatment and fertilizer appllcatlon rate best
meets the objectives of reclamation.




INTRODUCTION

The Montana Stfip Mining and Reclamétion Act of 1973 requires-;hat.
coal mine spoils be revegetated with a mixture of plant species that can
withstand grazing pressure to the degree that existed béfore mining,
provide wildlife habitat, and control erosion. Certain seéd mixtures
may be superior to othe?s'in fulfilling the ébove requirements. Thé.
most appropriate combination and optimum numbgr of plaﬁt épecies to use
in a seeding'mixture for effective stabilization and development of a
permanent self—susfaining_plant‘comﬁunity still rémainé a question.

Past reclamation fesearch has shown that a mixture of fast growing
introduced species and slower growing native species may be deéirable
(Sindelar et al., 1973), However,.since certain native speciés are
suited to different envirommental conditions than those }equired by
introduced species, the interactions between these species groups must
be considered.

The épplication of fertilizer has been effective in‘éstabliéhing a

vegetational cover on coal mine sﬁoils (Buqhgélg, 1972; Hodder and

Sindelar, 1972; Meyn et al., 19753; Sindelar et al., 1973; Sindelar
et al., 1974). Plant species respond differently to fertilizer appli-
cation. Fertilizer rates which will encourage establishment of natiﬁe

species and not give a competitive advantage to fast growing. introduced -

species-must be determined.
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Tﬁe objectives of this research project were fo:

1. Dete;mine the rate of estaﬁliéhmenf of four specieé when planted
indivi&uﬁlly and as a four-species mixture.,

2. Determine the initial effectiveness of feréilization versus no
: fertilizatién on the four plgnt species individually in almixtu;e.

3. Compafe the first-year establishment and prb&uctivity ofiéhe
four-species mixture and a l6-species mixturé which hgsubéen seeded in
mine spoils a;,Colstrip.;

| The study was conducted in two pér?s: the firét a field"expe;imept
on mine spoils at Colstxip,iMontana;”the second a gféenhouSe’experiment
at MSU in Bozeman, Montana which paralleled the field experiment to |
defermine theée effectiveness of the different treatments unde; éonfroiled

conditions.




. LITERATURE REVIEW
Problems and-Methods,of Reclamation

‘The Issue

The revegetation of coal mined lands in the Northern Great Plains
has.become of great concern to government agencies and private companies
in recent years., This is primarily because of increased public envi-
rohmental awareness. Aléo, much more coal mining is planned for the
fﬁtﬁre than'has been done in thg‘past. Currently little information
is available on réclaiming coal mined lands in the western United States.
This has resulted in a Wide range of‘opinions on‘rgvegetation potential.
Current research indicatés that revegetation can be.aCCOmplished when

the correct reclamation procedures are used.

Reclamation Success

Many attempts to reclaim strip-mined‘lands.in the western United
States have not been immediately successful. It took several years
before any conclusions regarding vegetation success or failure could be
made on strip-mined lands owned by the Knife River Coal Mining Company
“at Gascoyne and Beulah in North Dakota (Gwynp, 1966). Vegetational
response at Sqda Springs, Idaho on lands that had been'strip-mined for
phosphorus was positive, but not a spectacular success (fhompson,1969).
Research at Colstrip, Montana showed that vegetation could be established

with the use of commercial fertilizers (Hodder et al., 1971). Irrigation
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was utilized effectively at Decker, Montana in establishing both intro-

duced and native species (Farmer et al., 1974).

Topsoiling

The lack of a developgd.soil profile on new strip-mine spoils i$ a
severe ;imitation to rébegetation;' Surface mining destroys the soil
structure, reduces the organic matter content, and may'afféct the micro—.
organism population (Sindelar et al., 1973). The stockpiling of topsoil
may retain the most important properties of_a developed soil. These
properties include organic_matter, micro;organisms and plant nutrients.
Soil structure is destroyed in topsoii salvage. At Roundup, Montana
the topsoiling of mine spoilé was éffedtive (Hodder, 1974). The appli-
cation of fopsoil at Roundup facilitated rapid‘vegetaéion establishment
which in turn reduced erosion. Studies at Colstrip, Montana indicated
that 10 cm of topséil waé sufficient fqr successful plant éstablishment
(Sindelaf‘ét ales 19735. _Topsoiling at Décker, Moﬁtana resulted in
good stands of native and introduced grass mixtures (Farmer et al;;

1974).

Compaction

' Soil compaction is caused by heévy equipment in the process of
reshapihg and grading mine spoils (Sindelar et al., 1974). This has
resulted in bulk densities of 1.7 to greater than 2.0 grams per cubic

cm. This produces a severe limitation to root penetratiom, plant
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development, and water infiltration (ﬁo&aer,'l974). Veihmeyer and
Hendrickson (1948) found roots did not penetrate sandy-soils with bulk
densities over 1.75 and heaﬁy clays with 1.46 and 1.63 grams per cubic
cm. Compacted layers musf be broken up to provide adequate root péne—
tra;ion, water iﬁfiltration,,and a good seedbed. On heavy clay sdils
in South Dakota, ripping 30 to 35 cm deep at two metér spacings increased
infiltration rates (Niéhols, 1966) . This resulted in a 173 percent
increase in the number of Westerﬁ wheatgrass (Agropyron smithii) plants
an& a 444 percent increase in total gfass production.,

Surface manipulation treatments'include-chiseling, gouging and
dozer basin constructioﬁ. These treatments effectively increased'soil
moisture content, reduced soil erosion and aided vegetation esfablishment

at Colstrip, Montana (Sindelér et al., 1973).

Erosion

A végetative céver must be established as quickly as possible on
mine spoils to prevent wind and‘watef erosion (Hodder et él., 1971).
Temporary stabilization with annual grasses is a potentiél means of
erosion control.

Plan£ings of annual species were éffective in building up organic ‘
matter and initiating soil developmient at Colstrip, Montana (Sindelar

et al., 1974). Within two years topsoiled and feftilized.raw spoils
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returned 14,000 kilograms per hectare of organic matter to the upper

45 cm of soil in the form of roots alone.

Fertilization

The need for applicatién of fertilizer elements in some form on
strip-mined spoils has long been recognized (Hodder, 1974; Jacoby, 1969).
Soil ahalyses of raw spolls in southeastern Montana have éonsistently
shown deficiencies in nitrogen and phosphorus (Sindelar‘et al., 1973).
Potassium, another essential minerél, is ?élatively abundant in most
Montana coal mine spoils.

Time, rate, placement, soil méisture, soil pH, and vegetative type
are all factors important to the successful use of fertilizer (Brady,
1974; Cole et al., 1963; Follett and Reichman, 1972; Lorenz and Johnson,
1953). The amount of soil moisture largely determines the effectiveﬁess
or damage of applied fertilizers (Bfady, 1974). Olson and Dreier (1956)
concluaed that low moistﬁre levels in conjunction with nitrogen fertili—
zation weré likely to cause poor plant response.

Additional yield increasés have occurred at many locations Wheﬁ
nitrogen was combined with phosphorus (Choriki et ai., 1969; Gomm, 1961;
Pgwer and Alessi, 1970; Rogler and Lorenz, 1957; Van ﬁyne, 1961).. The
use of phosphorus alone has had little effect in increasing total
hefbage yield on either mine spoils or native range (Buchholz, 1972;

Gomm, 1961; Van Dyne, 1961). Plant production has increased with




increasing amounts of nitrogen and phosphorus on mine spoils at
Colstrip, Montana (Buchholz, 1972; Sindelar et al., 1973). At rates
over 70 kilograms per hectare of nitrogen combined with 90 kilograms
per hectare of phosphorus, plant production increased at a decreasing
rate.

There is evidence that fertilizer has 1ittle.effect on plant
density and an unpredictable effect on first-year plant production of
perennial grass (Farmer et al., 1974; Hodder et al., 1971; Meyn et al.,
1975a,b; Sindelar et al.? 1974), Applications of 45 kilograms of nitro-
. gen and 45 kilograms of P205 per hectare appeared to be sufficient fo? a
first year application on raw spoils (Meyn et al., 1975a) . Annual
plants, whén planted during yeérs of good moisture supply, had the
capacity to utilize much larger applications of fertilizer than peren-
nial plant mixtures. |

Repeated nitrogen and phosphorus application may be detrimental
when the goals Are,establishment of diverse native‘plant communities. A
mixture of introduced grasses gave a much more pronounced response to
nitrogeﬁ and phosphorus fertilization than a native grass mixture on
mine spoils at Decker, Montana (Farmef et al,, 1974). When introduced
species and native specieé are planted in a mixture, fertilization may
~give the introduced species a competitivé advantage. This indicates

that different species respond differently to fertilizer application.
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Nitrogen fertilization on native range usually has resulted in

plant compositional chaﬁges. Cool séason rhizomatous grasses are
usually benefited by nitrogen application, while bunchgrasses often
. decline (Cosper et al., 1967; Johnston et al., 1968; Rauzi et al., 1968;
_Roath, 1974; Wight and Black, 1972). Warm season grasses tend to decline
under nitrogen application (Choriki.et él.; 1969;'Hyder.§pd Bement, 1972,
Launchbaugh, 1§62; Taylor, 1967; Weaver ana Albertson, 1956). Annual
graéses, however, respond quite favorabiy to nitrogen (Burgess aﬁd Evans,

1965; Choriki, 1969; Cline and Richard, 1973; McKell et al., 1970).
Plant Community Establishment

Succession

Plant succession ié the replacement of one plant community by -
another which can more fully utilize the available enviyonmental
resourceé (Daubenmire, 1968). The end produét of succession is called
the climax plant community. It is hoped that the succéssional time
requirements for a permane£t self—sgstaining plaqt community capable
of .supporting livestock and wildlife can be compressed into a decade
or less. The seeding mixture is one factor determining the rate of
progression towards this type of community. Iﬁitial species selec-

tion should be given careful consideration for this reason.
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The potential climax plant community.on disturbe& lands may not be,
similar to the climax plant community on sites where soil hés not beeﬁ
disturbed (Dyksterhuis, 1949). A highly dependent relationship exists
‘between plant succession and soil development (Daubenmire, 1968;
Tansley, 1939). The revegetétion of mineispoils to plant communities
duplicating those that existed before mining may be a véry unrealistic

reclamation objective.

Monocultures versus Mixtures

- The use of ﬁonocuitures has proven effective when areas are under
intensive management and high energy inputs are applied. Under con-—
ditions where a self sustaining plant community reéuiring little man-
agement is desired, diversity is essential to reduce disease, insect
damage, losses from climatic fluctuations, and nutrient losses (Dauben-
mire, 1968). In the western United States, vast acreages hgve been
reseeded to crested wheatgrass (Agropyron degé?iorum), an introduce&
species from Russia. In the last few years, the black grésé bug (Labops
hesperius) has infested and destroyed couﬁtless acres of crested wheat-
grass stands in the Intermountain West (Haws et al., 1973; Stoddart ef
al., 1975; Wambolt, 1974). This may point out a danger in felyiné on’
monocultures when developing mixtures for reseeding. }

- )

Mixtures are usually more productive than monocul;u?es (Heady, 1975;

Stoddart et al., 1975; Vallentine, 1971). 'This is because different
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‘rooting habits may result in more.effiéient use of.soil‘moisture and
nutrients from various soll depths. Also some plants of the‘mixture
may have favorable inflgences,on others.  Mixtures often have greater
longevity than monocultures (Stoddart et al., 1975). This is because
those species that are better adapted to a pérticular site usually

replace the less suited species as they disappear ‘from the stand.

Simple Mixtures

Iﬁ designing mixtures for reseeding, simple mixtures aré'generally
more effective than complex mixtures. that use the "shotgun™ approach
(Vallentine, 1971). Seeding simple mixtures of not more th;n_six
species reduces species incompatibility and allows more precise site
adaptation (Cox and Cole, 1960; Heady, 1975; Hgil et al., 1958; Idaho
Agricultural Extgnsion Service, 196i; McIlvain.and Shoop, 1960; Utah
Agricultural Experiment Station, 1970). The establishment of each
species is more rapid and interspecific competition is reduced.

Simple mixtures gave the best results in Utah even when areas
having a.variety of soil and moisture conditions were reseeded to
provide big game winter range (Plummer et al., 1968). When establishing
cover for small game, mixtures of not mo?e than five épecies gavé best

results (Burger, 1973).
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Aggressive Species

Jakobs (1963) found that seeding more than five species together in
pasture mixes was a poor practice because certain species are‘always
more competitive than others. Species that are aggressive when seeded
in the spring are ﬁot necessarily aggresgive when fall'or summer seeded
(Blaser ef al., 1956a,b). It was concluded that the ratio of species in
a mixture should vary for spring and summer seedings. Aggressive spe-
cies should be seeded at low rates if non—-aggressive species are to be
the primary species in a mixture. The growth rates of the differént

species should also influence mixture composition.

Warm and Cool Season Grass Relationéhips

Warm season grasses can seldom be seeded successfully with cool
season grasses in the Northern Great Plains. The cool season grasses
deplete soil moisture-in the spring that otherwise would be available

for summer growth of warm season grasses (Conard and Youngmén, 1965).

Grass and Shrub Relationships

Unless shrub species are ‘highly adapted to an.area they are seldom
compatible with grasses when seeded in a mixture. Grasses have fine,

fibrous root systems which more thoroughly occupy the soil than do the

. tap roots of young shrub seedlings (Shultz et al., 1955). Grasses ﬁse

more water than the young brush seedlings, and soil moisture is ex-

hausted before the brush roots reach the deeper depths.. Sufficient soil.
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moisture is left for Aeveloping brush seedlings .only in years of excep-—
tionally late spring rains.
Bitterbursh (Purshia tridentata) mortality was 57 percent undér
heavy competition from weeds and crested wheatgrass in the.fifst grbwing
season (Hubbard, 1957). Under light competition it was 21 pergent,

Mortality was primarily from moisture competitioh in ‘both cases.

Grass and Legume Relationships

Unlike grasses and shrubs, grasses and legumes are often doﬁpatible.
When crested Wheatgraés and alfalfa kMedicagb sativa) were grown to- |
gether, they gavé-superior.yieldé to. either species grown individually
(Dubbs, 1971). Aberg et al., (1943) reported grasses had a higher root
yield when grown in association with alfalfa. In a mixture of asso-
ciated grass species, alfalfa provided nitrogen in an amount eqﬁivalent
to between 45 and 90 kilograﬁé per hectare (MclLeod, 1965). . Van Riper
(1964) found that grasses and legumes complemented each other in using
soil moisture. Grasses used more sbii moisture in thenfirst 30 cm than
alfalfa,:but alfalfa used more moisture from the 1oﬁer depths than

grasses,

Introduced and Native Species Relationships

Native species are recommended when the goai is the establishment
of an ecologically stable and self-sustaining plant community (Dauben—

mire, 1968; McMillan, 1959). These épecies have had thousands of years
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' to adapt to the climate, insects, disease,'and_soils of a particular _
area (McMiilan, 1959; Suneson; 1960). |
Introduced grasses are'oftenvincompatible with nati#e grasses wnen

planted in the same mixture (Blaser et.al., l956b Cox and. Cole, 1960)
-Introduced spec1es can often utilize fert111zer more eff1c1ently than
native species. In a study 1nv01v1ng a. m1xture of nine native species,
- and eight introduced species on fertillzed strip—mlne spoils at Colstrlp,.
Montana, six of the 1ntroduced species accounted for 88 percent of the
total production (Sindelar et al., 1973).

» Crested wheatgrass is often extremely competitive to native vege-
. tation (Currie, 1969; Eckert et al.,'1961; Hull and.Kiomp, 1560; Huil;
1971). 1In the Northern'Great Plains,‘crested wheatgrass'seeded in
mixtures uith native species attained aimost complete dominance‘and
maintained stands for‘oVer‘forty fears (Ross et al., .1966). 'In Saskatch—
ewan, crestednwneatgrass stands'fromd29_to:38 Years oid haue become a |
permanent part of tnetVegetation with almost no reestablisnment of
native species (Smoliak.et’al.,'i9§4). ‘

Smoothgbrome“(Bromus inermis) is another.highlf comnetitive intro-'

. duced grass (Cooper et a1},11973). It will often dominate a mixture
within'a very few years. Orchard grass (Dactylus glomerata), an
: 1ntroduced bunchgrass, gave good initial establishment on coal mine" _

sp011s at Colstrip,‘Montana (Sindeiar.et al.,.1973). It accounted for ;'
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50 percent of the first year production when planted in_an elevén—
épecies mix;ure of native and introduced grasses but declined rapidlﬁ
in productivity during the next two years.

When a ﬁiverse plant‘community is the end objective, it may be a
poor practice to plant introduced pasture graéses with n;tive range
grasses, Persistent_introduced spécies, such as crested wheatgrass,
may drasticaliy slow the development of native-plant communities during
the natural procesé of succession. When introduced species are used |
with native species, they shoﬁld be seeded at very .low rates (Blaser,

1956b).

Densities of Seeding

See&ings on harsh sites are now commonly mgde on the basis of
number of pure live seeds per square meter required to produce satis—’
factory stands (Vallentine, 1971). Seeding rates based on 215 pure live
seeds. per square meter have become somewhat standard for ‘seeding ordinary
upland sites by drilling (Burzlaff and Swinbank, 1965; McIlvain and
éhoop, 1960; Rechenthin-et al., 1965). Seeding rates for many species
should be adjgéted where research and éxpe?ience have shown this to be
desirable (Vallentine, 1971). When broadcast seeding, the recommended
seediné rates are 430 to 538 pure live seeds per square meter to com-
pensate for unéven seeding depth (Burzlaff and Swinbani, 19653 Cook et

al., 1967).




THE STUDY AREA
Location

The field work for this research project was conducted near
Colstrip, Monténa in Rosebud County tSéction 18, T4N, R42E of the
Montana Principal Meridian). Colstrip is one of the primary sites of
fesearch involving strip,minéd land in Moﬁtana. A greenhouse exper-

iment was conducted at MSU in Bozeman, Montana.
Climate

.C;ld winteré and warm summers charécteriée'the climate of the field
eXperimenf area (Sindelar et a;L, 1974). January ié generally the
'éoldest month with temperature; déwn to,—ZOOC and July is the hottest
month‘with,teﬁperatures ;ometimes exceeding 40° ¢ (Buchholz, 1972; Meyn
et al., 1975b). The active growing season is dependent on soil'water
availabiiity but general;y extends ffom the middie.of MArch until the end
6vaune with£a frost free period of 100 to 140 days (Sindelar et gl.,

- 1973). The average date of.the last freeze is May 15 - 25 and:the first
:fall freezé ig eipected about September 15 - 22 (U.S. Dgpf. Commerce, |
1975). - | |

The months of April, May, and June usually receive the greatest
precipitation at Colsfrip (Meyn et al., 1975b); Most of the precipi-
tation during these thfge months is rainfall. The lowest amount of

precipitation occurs during December, January, and March. Mean annual
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precipitation for the'area is 40 cm. Snow contributes approximately 12
cm to the annual total. Persistent summer winds, with average veloc-—
ities up to 10 km/hr, cause potentiai evapotranspifgtion losses from
spoils of about 20 cm per month duriﬁg June, July, and August.(D. J.
Dolihopf, Mbntana Agriculture Experiment Station, personal communica-
tion, 1975). Plant moisture stress is usually severe in July and August.

Monthly'climatological data for Colstrip are presented in Table I.

Table I. Monthly climatological data for Colstrip, Montana for 1975

Temperature (OC) ' Precipitation (cm)
Avg. for Deviation ) Total For Deviation
Month From Norm Month _ From Norm
January -~k ' - 2. 3%*% +1.Ql/
February =% - 2.0 +0.7
March & - 2.5 +1.8
April 6.5 ey 5.6 +0.8
May ' 12.0 -.1 - 8.1 +1.8
June 17.3 -2 ' 7.4 -0.9
July 21.9 -1.3 4.4 +1.4
August 22.2 +1.1 1.8 - -1.7
September - 16.2 + .8 1.5 2.0
October 8.8 -4 2.0 - -0.6
November 1.5 + .2 3.6 +1.9
~December : ‘—2.3‘ + .6 2.9 +1.4

1/ Average based on 46 years observation at Colstrip, Montana. (Source:
Climatological Data, U.S. Dept. Commerce, N.O.A.A., Environmental
Data Service.) '

* Temperature data are missing for January; February, and March.
%% Mean of two storage gauges located about 1 km northeast of the site.
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Topography and Vegetation

Rolling prairie with alternatiﬁg ridges, drainages, and sandstone
bluffs formsthe primary léndscape patfern of the Colstrip area. The
principal drainages in the area flow generally northward to the Yellow-
stone River. The elevation at Colstrip and the field study site are
990 and 1070 meters, respectively.

Mixed brairie grasses with stand; of pondérosa pine (Pinus
ponderosa) characterize the local vegetation. Cool season bunchgrasses
dominate the native range; however, a number of warm seaéon species are
present. Commonly found grasses include bluebunch wﬂeatgfass (Agropyron
spicatum), westerﬂ wheatgrass, needle—and-thread (Stipa cométa), little
bluestem (Schizachyrium scoparium), green needlegrass (Stipa viridula),
blue grama (Bouteloua gracilis), and‘prairié junegrass (Koeleria
cristata) (Westinghouse Electric Corporation; 1973). Imporfant shrubs
are silver saggbrush (Artemisia cana), three-leaf sumac (Rhus trilobata),
yucca (Yucca élauca); and big sagebrush (Aitemisia tridentata). Snow-
Berry (Symphoricarpos spp.), servicebérry (Amelanchier alnifolia), and
chokecherry (Prunus virginiana) are found in the moist areas along
drainage bottoms.

The field study site was 1ocateé on the ridge of a mine spoils that
had been shaped and topsoiled in 1974. The site was qriepted to the

east and west. The slope ranged from nearly level on top to
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approximately a 5:1 grade on the slopes. Wintergraze (Triticum/
Agropyrbn h&brid) and barley (Hordeum vulgare) were planted around the
experimental area to stabilize the soil. The field expériment site was
placed on the level pért of the spoils to maximize site uniformity

among treatments.
Soils

Ihe coal in- the Colstrip region is containéd in the qut'Union
Formation. This formation contains layers of light colored sandstone,
sandy shale, carbonaceous shéle,‘an& sub-bitﬁminous coal (Westiﬁghouse
Electric Corporation, 1973). The sandstone layers are easily fractured
bj the processes of weathering. Much bf the coal along the outcrops has
been burned (Meyn et al., 1975a). This resistant porcellanite material
is called scoria. |

Parent materials in the Colstrip area are largely sedimentary in
origin (Westinghouse Electric Corporation,-1973). fhe exceptions are

soils formed from terrace gravel and recent alluvium. These soils are

~found along the river dfainages and lowland areas.

Soilltexture varies with location and depth (W. L. Volk, Soil
Conservation Service, péfsonal communication, 1975). The topsoil of the
upland areas is usualiy a sandy loam. Sandy clay loams and clay loams

dominate the lowland areas (Westinghouse Electric Corporation, 1973).
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Poor structural development usually éhgracterizes soils in the
Qo}sﬁrip:area (?acker, 1974; W. L. Volk, Soil Conservation ngvice,
pefséﬁallégmmuﬁ;cation, 1975). The éurfage horizon of loééi undisturbed
soil is commonly granular in structure. - A massive structure charac—
terizes the éﬁbsoil.

The Colétrip‘area soils are usually'classified as fine ioamy or
ioamy skeletal 1ithic Haploborolls (Aaﬁdahl, 1972; Packer, i974). These
soils often have poor profile development. They usuélly lack ; "g"
horizon. | |

The application'bf salvaged topsoil is an important part of recla~
mation procedures at Colstrip; A layer of topsoil approximately 20 cm
thick is usually applied over the raw spoils material. The topsoil is
sandy léam in texture. It has approximately .5 percent organic matter
which is relativély low. The pH averages 8.5. .

Beneath the topsoil is the raw spoils material or overburden.

Thié material is variable‘in texture and has n§ structure, The organic
matter content is less thén .2 percent.v The pH. is ﬁsually'between 8.20
and 8.40.

The electrical conductivity on mine‘spoils at Colstrip is not high
(Table II). It has not been a problem in revegetation. For most plants,
four mmhos per cm.is considered toxic (Soil Survey Staff,-1951).

Fertility of the mine spoils is qui;e low compared to undisturbed

sites. Available nitrogen and phosphorus are the most limiting nutrients




20
-.to plant growth (Buchholz, 1972; Meyn et al., -1975a,b; Sindelar ét'al.,
1973). pther nutrients are present at acceptable levelé, being neither

too high'ﬁbr too low. Soil analysis data are given'in Table II.

Table II. Soil chemical analyses at the field study site, Colstrip,

. Montana.
Ca Mg Na E.c.Y
NO,—N PO, -P K meq/ meq/ . meq/ mmhos/
pH PPm ppm ppm 100g 100¢g . 100g cm
#Depth | ‘ )
(0-20 cm)  8.50 2.20 .60 54717 29,36 . 2.18 .13 41
. (20~-60 cm) 8.35 5.27 f53 56,67 21.20 2.21 . .13 .75
(60-90 cm) 8.23 3.86 .45 55.83 19.78 °~ 2.32 B .80
(90-120 cm) 8.23 4.52 .47 56.67 19.87 2,12 .13 .80

1/ E.C. = electrical conductivity
* Mean of three replicates




' METHODS AND. PROCEDURES
The Greénhouse‘Expefiment

Design
A representative sample of suffacé topsoil material from the field

experiment area at qustrip,_Mon;ané was taken to a 20 cm depth. The

'topsoil matérial was-tfansported-in'héavy burlap bagé to the USFS

(United States Forést Service) greenhouse in Bozeman, Moﬁfana“on March
22, 1975. At the USFS greenhouse aggregates larger than five cm in

diameter Were'écreened from the topsoil material. Approximately 88

'kilogréms of soil material Wefe weighe&, and placed in each of 36

rectangular test. frames.

_Test frames were constructed pfior'tolobtaining-éoil. These
experimenﬁal units Qere constructed by first di;iding'twp_tébles lengfh—
wise‘with a boéfd 2;5 cmj;hick and 20 éﬁfwide.'fEaéﬁ half of the taBle
Qas'further subdivided by'placiné bOagds'bfxthe same thickness and
Qidth at right angleé'tqjthe.first boa;q;' The benches had holes:in‘the

bottom to facilitate aeration and drainage.
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Figure 1. Table design used in the greenhouse experiment.

A randomized complete block design with a factorial arrangement of
two variables (six species treatments and two fertilizer rates) in three
replicates was used in the greenhouse experiment. Table III presents a
description of the different treatments for the greenhouse experiment
and Figure 2 outlines the experimental design.

The amount ofvfertilizer applied was calculated on the standard
kilograms per hectare basis (Brady, 1974). The relatively low rate of
37, 94, and 0 kg/ha of N, P205, and KZO respectively were selected so
that species which are more responsive to fertilizer inputs would not
be given a competitive advantage. The rate of P205 was selected high
enough to eliminate any phosphorus deficiencies in the fertilized

treatments.
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Table IIT. Treatment descriptions for the greenhouse and field experiments.

; SPECIES PLs/m2 & Kg/ha
| Species Seeded as Monocultures
*Critana thickspike wheatgrass (Agropyron dasystachyum) 538 16.2&3/
‘ Fairway crested wheatgrass (Agropyron cristatum) 538 12.19
Ranger alfalfa (Medicago sativa) 538 11.61
*Fourwing saltbush (Atriplex canescens) 108 6.97
i Four Specles Mixture
*Critana thicksplke wheatgrass 162 4.87
Fairway crested wheatgrass 162 3.70
Ranger alfalfa 162 3.08
*Fourwing saltbush 54 3.48
Total 540 15.13
16 Species Mixture (SEAM)QI
Fairway crested wheatgrass (Agropyron cristatum) 172 3.85
*Critana thickspike wheatgrass (Agropyron dasystachyum) 131 3.85
*Western wheatgrass (Agropyron smithii) 140 5:13
Tall wheatgrass (Agropyron elongatum) ; 86 5513
Lincoln smooth brome (Bromus inermis) 118 3.85
Orchard grass (Dactylis glomerata) 301 2:.55
*Green needlegrass (Stipa viridula) 86 2.09
Cicer milkvetch (Astragalus cicer) 86 2.35
Ladak alfalfa (Medicago sativa) 65 1.28
*Prairie sandweed (Calamovilfa longifolia) 75 1.25
*Greasewood (Sarcobatus vermiculatus) 5 125
*Antelope bitterbrush (Purshia tridentata) 5 1.28
*Big sagebrush (Artemisia tridentata) 215 .38
*Indian ricegrass (Oryzopsis hymenoides) 32 1S
Sweetclover (Melilotus officinalis) i 1.25
Eski sainfoin (Onobrychis vaciafolia) 1% 1:25
Total 1603 37.69

Fertilizer Rates
0-0-0 Kg/ha available N-P,0,-K,0

37-94-0 Kg/ha available N-PZOS—KZO

1/ PLS/m~ is pure live seed per square meter.

and improvements. Brigham Young University, Provo. 515 p.
3/ 16 species mixture seeded in the field was part of the SEAM study.
* Native Species

Z/ (Source of conversion from PLS/m? to Kg/ha: Vallentine, J. F. 1971. Range development
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Rep 1
3 6 3. 4 1 2 1 4 2 _
FO | FO FL | F1 | F1 F1 | FO FO FO Table
6 5 5 2 | 2 1 6 3 3 1
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Rep 2 ) : ] l Rep 3
b | .4 50 6 | 1 |5 )2 4 |5,
Fl | FO FO | FO F1 El . FO Fl - Fl,-‘ Table
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Rep 3 - ~

Treatment Codes - )
Thickspike wheatgrass
Crested wheatgrass:
Ranger alfalfa '
-Fourwing saltbush
Four species mixture
16 species mixture

Ut W
ol

o
(=}
Il

Q—O—O Kg/ha N—PZOS—KZO

37-94-0 Kg/ha N-P,0.-K,0

" Experiment unit dimensions = 76cm X 44cm X 18cm

F1

|

Figure 2. Design of the.expériment-conducted-in the USFS Greenhouse, .
Bozeman, Montana ’ '
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.Fertilizer was manually applied'as-a top dressing."Irrigation was

. used to .leach the fertilizer into the soils material,

Experimental units were seeded on the basis of pure live seed per

. Square'meter. All seed -used in the study- had been recently tested for

germination. Crested Wheatgrass thlcksplke wheatgrass, and ranger

"alfalfa in the monoculture plantlngs were planted at 538 pure live seeds

. per square meter. This seeding rate was used .to compensate'for the

uneVen depth ofvbroadcast'seeding‘(Vallentine, 1971). .The fourlspecies
mixture was also planted at this rate. Fourming saltbush (Atriplex‘
canescens) was seeded at a reduced rate to: 1ower intraspec1f1c c¢ompe—
tition. The 16 species mixture was seeded at a rate of 1603 pure 1ive
seeds~per square meter toncorrespond to thenrate commonly used in.
revegetation.at'Colstrip,‘Montana.' -

The watering system was - manual w1th three permanently mounted

sprinklers used on each bench.' Approx1mate1y 4. cm of water was applied
"every other day in March April and May. ‘In June this same rate of'u
water was applied every third day _Frequent‘small’applications,of'

' water were used to prevent 3011 material from washing out of the test

) . . ) . '
frames. The total water application for each month approximated the

‘long term average'monthly'precipitation at Colstrip.
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Evaluation

The plant density in each treatment was measuréd after"seedliné
emergence on April 20 and again on July 1. All the plénts were éounted
in each experimental unit,and Wefe separdted into four categories.

These four categories were perennial érésses, legumes, shrubs, and weeds.

All the abﬁve ground biomass exéepf for plant crowns was clipped
in each experiméntal frame on July 2. Grass, legume, ana shrub.combo4'
nents were also‘separated froﬁ each other and placed into an individual
paper bag. The herbage samples were dried ét 60°-C for five days before‘
being weighed.

Immediately after clipping, below graund biomass samples were col- .
lected with the use of anjéakfield tube. Twenty-five 1.90 cm diameter
cofes were removed randomiy from each experimental frame. These cores
spanned the entire depth of the frame and were placed in groups of five.
The roots were extracted By placing the so0il in screens and flushing the
roots with water. Screens of 20, 40, and 60 ﬁesh~were used. TForceps
were used -to remove the roots from each séréen; Below groun& biomass
samples were dried ét 60% ¢ fér five days before weighing. Immediateiy,
after weighing, the below gréund biomass sampleé were put into po?celain
crucibles‘and'placed in a;muffie furnace‘at.a temperature of 5506_0 for

'16 hours. After cooling, the ashes were‘weighed and subtracted from

the oven dry weights. This was done to reduce error from mineral
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particles attached to the roots. Plant crowns were included in below

ground biomass data.

The Field Experiment

Design
An area of 5,500 square meters of graded, ripped, and topsoiled mine
spoils lying east of the SEAM (Surface Environmment and Mining) planting

was chiseled on March 25, 1975 to prepare a seedbed for the field exper—
iment. Individual experimental units, nine meters by ten meters, were
used. These units were broadcast seeded after they were chiseled.
Immediately after seeding, the area was cultipacked to provide seed
coverage and a firm seedbed (Figure 3). The SEAM planting, located next
to the field experiment, received identical preparation except that

seeding was accomplished in both fall and spring.

Figure 3. The field experiment after seeding and cultipacking on
March 26, 1975.




28"
A randomized complete 5lock design ﬁith_a.factorial”arrangeﬁent of
two ﬁariables,(five speciles tféatments and two fertilizef rates) was uséa
in the field experiment. .Treafﬁenp descriptions are given in Table. III.

The experimental design for the field éxperimént is given in Figure 4.

" Figure 5 shows the treatments from the SEAM study used for comparison -

with the four species mixture'in thejfield,eXperiment.

de levels of ferﬁilizer'(O—O—O'and 37-94-0 kg/ha of N, P205, and

K20) were appiied'tp each $pecies treatment on Juhe 9, 1975 with a hand

operated broadcast spreader. The poftion of the SEAM planting used for

comparison with the four species mixture in the field experiment received

the same fertilizer fates.
Eight neutron tubeés were randomly,locatéd at the site for measure- .
ment of soil water content. The tubes were read monthly for the ' SEAM

investigation in the period March ;o‘September,fl975. The treader is

feferred to Schultz. (1966) for detail on the,thebry behind the neutron

method for estimating soil water content.

f

Analysis '

Plant'densityfsamplés were collected on Juhe‘S and August 15 uSiﬁg."

" 20 by.20.cm square frames. Three transects were randdmly selected for -

sampling from eight possible tfansects one meter apart on each experi~

. mental unit. Seven seedling counts were taken at one meter intervals on .

each transect for a total of 21-samplesipef'experimental unit. No
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Figure 4. Plot-désign df-field;experiﬁeni?*Colst;ip,“MQntaha;
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Figure 5.

Plot design of field experiment and SEAM
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* * *
FO = 0-0-0 Kg/ha available N-P505-K50 3 = Ranger alfalfa *Neutron
Fl1 = 37-97-0 Kg/ha available N-P,05-K,0 4 = Fourwing saltbush probe
1 = Thickspike wheatgrass 5 = Four species mixture location
2 = Crested wheatgrass 6 = 16 species mixture

planting, Colstrip, Montana.
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.samples were taken in a one‘neter'buffer-strip around each exrerimenta;
unit. The same transectS'were‘used on the second‘sampling_date.as‘on.
the first so survival.could be estimated.direétl&fhetWeen the'tﬁb'f |
periods. |

Canopy coverage was estlmated on August i? by’ u31ng’a uodlflcatlon.
of the Daubenmire method (Daubenm1re, 1959) 'Twentyaone frames Were
taken per experlmental unit at the same polnts used for dens1ty data.

Above ground blomass was, cllpped on August 19 | . Three transects |
d1fferent from those ‘used’ for den31ty were ‘selected forleach experlmental
un1t. Five 0.25 square meter_ouadrats-were gllpped per transect (Figure_
6). The clip quadrats ﬁereﬂplacedhon aiternatfng sides”of»the transect
line. Seeded spec1es were separated from other plants; Thenprimary
weed spe01es were Russ1an thlstle (Salsola kall), annual sunflower i
(Hellanthusfannuus), and cheatgrass brome (Bromus_tectorum), .Crested and
'thickspike wheatgrass were pooled together in the four'speeies miiture“
.hecause'of‘the‘difficulty in identifying“these two species in the‘eariyl
‘-stages of grthh The seeded species 1n the 16. sPec1es mixture were
fseparated into perennlal grasses, 1egumes, and shrubs. ‘Samples'were

dried at’ 60 C for five days before welghing.
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Figure 6. Above ground biomass for the field experiment was estimated
by the clipping method on August 19, 1975.

The methods used in collecting below ground biomass were modified
slightly from those used by Bartos and Sims (1974). Below ground biomass
samples were taken from each experimental unit with a portable gas oper-
ated soil sampler on August 26, 1975 (Figure 7). The three transects
not used for density or above ground biomass data collection were used
for sample collection in each experimental unit. Two cores, five cm in
diameter, were removed per transect from randomly selected points one
meter apart. The cores were separated into depths of 0-15, 15-30, and
30-60 cm. Below ground biomass was separated, dried, weighed, and ashed

using the same processes employed in the greenhouse experiment.
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Figure 7. The collection of below ground biomass in the field
experiment, Colstrip, Montana on August 29, 1975.




" RESULTS AND DISCUSSION

The Greenhouse Experiment

Phenology

| Phenological data (vegetative versus reproductive growth stage)
were collected throughout the period of study for crested wheatgrass,
thickspike wheatgrass, rangef alfalfa, and fourwing saitbqsh. Tﬁese
data showed that fertilizer application hastened plant maturity of
crestedlwheatgrass; thickspike.ﬁheatgrass, and ranger alfalfa, These
three species flowered in fhe fertiliéedAtreatments but onlyvcrested
wheatgrass produced seedheads in the unfé;tilized treatments. In all

cases crested wheatgrass was the first to flower.

Plant numbers

Germination data for the six species treatments.were collected on
April 20, 1975 (Table IV). Fourwing saltbush planted as a monoculture
had the highest mean germination (92 percent) while the'16 species

mixture had the lowest (29 percent).
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- Table IV. Percent germination for the six seeding treatments in the .
greenhouse experiment . . ’

. - Number: of f Ca Percent
Treatment - - PLS/m”  Seeds Germinating/m” Germination °
Sixteen species:mixture‘ , . 1603 _ o f:‘QSZl/ . 1
Crested wheatgrass S ”j- 538 e 409 ' '.": '-7,I 77”
'ThicRSpike_wheatgrass oo 538 .. 366 R )
Four species mixture ;-‘4; 538"1: :_".362f _' ;f': :;l . 67
Ranger alfalfa .. '~ 53 . 296 .. . . 55
Fourwingfsaltbush N - "7 108 . ";‘ .99 . _ 92

1/ Main effects for species treatment

The low germinatlon of the 16 spec1es ‘mixtire was probably due to ,

a number of factors. . Research has showm that different spec1es often _
require different light temperature, and soil water regimes for optlmal
germination (Daubenmlre, 1968; Kn1pe and Herbel 1960 Smoliak and

Johnston,-l968; Weaver and-Rowland, 1952). Some species with rapid

germination prodhce chemical substances which aré inhibitory to species

with delayed germination (Evenari 1949 Garb, 1961 Muller, 1966
" Van Sumere, 1960) The seedlng rate of the 16 specles mlxture Was

- approximately three times the application rate of the four spec1es-

mixture. Harper (1960, 1961) found that spec1es w1th rapid germlnation .

can often reduce the number of more slowly germlnatlng species by
limiting space, . light and moisture
The legume component had a° higher percent germlnation in both

seeding mixtures,than the,grass_component (Table V). The legumes
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germinated three to four days:earlier than the grasses in each mixture.
This may have affected. the germination of the grasses.

Table V. Percent germination for the components of the two mixtures
o in the greenhouse experiment on April 20, 1975

Numter of - :Percent‘

Treatment . *- PLS/m” Seeds Germinating Germination

Four species mixture

grasses S 3 195/ 60
legumes T 1.2 129 ... . 80.
" shrubs ST o s4 w0 74
Sixteen species mixture N I o |
grasses - 1141, 330 © 29
legumes : , o237 B 115 497
shrubs _ - 225 S -

l/ Maln effects for spec1es treatments

. Shrub germination‘was much different between the two mixturesL'
Greasewced.and tittertruSh plants were observed in equal\nunbersfon
experimental units.planted to the 16 species mfiture. Big-sagebrush
(Artemisia trfdentsta)zdid notneccur in-any of tne 16 species'miiture.
treatments although it was“seeded to represent 95“percent ef the.snruf.
combdnent in this mixture.

Only species. treatments had a significant effect on plant density'
(numbers per unit area) results (Appendlx Table I Table IV) Fertil—
izer had no effect on den31ty or surv1va1 The 1nteract10n between

seeding and fertilizer treetmentS'Was'not significant.
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Mortality between séedling emergence on April 20 and cbmpletipﬁ of
the experiment on July 1 was statistiéally significant for crested wheat-
grass as a monoculture and the 16 species mixture (Table VI). These
two species treatments had the“highesf densities at eﬁergence. Seedling
competition for soil water méy have been responsible for the significant.
mortality rate.

Table VI. Seedling mortality between emergence and completlon of the
' greenhouse experiment on July 1, 1975,

. 2
Plants/m~ Plants : %
Treatment, April 20  July ]{? Difference Survival
Sixteen species mixture 4592 g/ "395% =64k 86.1
Crested wheatgrass' " 4092 346? ~63%* 84.6
Thickspike wheatgrass 3662 3342 =32 99.4 .-
Four species mixture - 362ab 3432 -19- : 94.7
Ranger alfalfa 296 246° 50 '83.1
Fourwing saltbush 99° 113¢ +14 . 114.1
1/ Statistical comparlsons and 31gn1f1ﬂance valid only within each
column.

2/ Means followed by the samé 1etter or letters are not 31gn1f1nan*1y
different (P <.05) according to Newman-Keuls. Test.
* Significant at P <.05 using t test. :
#% Gignificant at P <.0l using t test. ’
The pércent survival was quite high for grasses in both the four
and 16 species mixture between April 20 and July 1 (Table VII). The
number of grass'seédlingé actually increased in the 16 species mixture.

_The temperature in the greenhouse increased rapidly between the two

sampliﬁg dates which may have improved germination conditions for some
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species; Seedcoat hgrdness often retardsﬂgermiﬁation (McKéll;'1974;"
Whalley'and'McKe11, 1967): This is-a'pOSSiblé'reason f6r the‘deiayed
germination of some"grassfseediings in the‘16 species mixture; .

‘The 16 species mixture had cénéiderable re&ucfipq in the shrﬁb and
‘1eguﬁé components. This mixture was see&edﬁaf a Vefy‘higﬁ rate. Harper -
(1967).f6uﬁd thaﬁ éelf—thinniﬁé increases Vitﬁ inéreasing seed density.
‘ The grasses were evidéﬁt;§15etter adaptéaftovgreenhouselcdhditions than
the shrubs and‘legumes-in:the 16 species ﬁixture. 'Thé'téb root sjstems.
-of the 1¢guﬁes and shrubé'may'not.havé beeﬁléﬁie‘to utilize ayailéble.
moiéture and hutrienté,aé.wellhas'fhg‘fibrﬁus root syétemslof‘qu;gfasses;l
' Root peﬁetrationVWas définitely reéﬁricted'by'the shallow depth of tﬁé'

test frames. This may .have given the grasses a -competitive advantage.

Table VII. . Seedling mortality for the mixture compoments in the
" greenhouse experiment. '

_ Plla,nts‘/mz‘.'Plants‘/m'2 : ' %

Treatment April 20 July 1 Difference Survival

. Four species mixture

‘grasses. . 193 . 192 - - -1 99,5 -

legumes | - - 129 . - 13 . -16 . 87.6 . .
‘shrubs . . o s 8 S =2 95,0
Sixteen species mixture o 1' o e
_grasses - . . 330 . 348 +18 - 105.4.
legumes . . . 115 - 4k - =71%% 38,3
shrubs = . o V- B N o 21.4

*#Significant at P <.05 using & test., -
*%Significant at P <.0l.using t test. . .
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Crested and thickspike wheatgrass were easily identified b& the
. presence of seedheads in the fertilized four species mixture treatment.

There was no significant differemce in density between the two species

(Table VIII). .

Table VIII. Crested and thickspike wheatgrass numbers in the fertilized
four species mixture on July 1 in the greenhouse experiment. -

Crested wheatgrass Thickspike wheatgrass
plants/m2 ‘ plants/mZ ' Difference
1/

93 929 . ' 6~

1/ No significant difference at P < .05 using t test.

Production

The main effects of épecies and fertilizer treatments. were signif-
icant for above and below ground biomass (Figure 8 and Appepdig Table
iI). A significant.interactibn indicate& thé different species did
not respénd uniformly to fertilizér application. Table IX pre;ents the

mean above and below ground biomass for the six species treatments.
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Figure 8. A section of the benches in greenhouse study showing the
difference between fertilized and unfertilized treatments

on June 5, 1975.

Table IX. The main effects of species treatments on plant production
in the greenhouse experiment on July 3, 1975.

Above Groundl/ Below Ground
Treatment Biomass Biomass
Kg/ha Kg/ha
Four species mixtureg/ 2221% 3/ 30662
Sixteen species mixture 876b 1496b
Crested wheatgrass 732b 1340b
Thickspike wheatgrass 695b 1299b
Ranger alfalfa 448b 503°¢
Fourwing saltbush 408b 474°
1/ Main effects for species treatments.
2/ Above and below ground biomass means were ranked separately.

3/ Means followed by the same letter or letters are not significantly

different (P <.05) using Newman-Keuls Test.
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The four species mixture produced significantly more above and
below ground biomass than the other species treatments (Figures 9 and
10). This mixture had vigorous initial vegetative growth which may have ﬂ
resulted in more shading at the soil surface. In the last 45 days of

the experiment, the four species mixture test frames in both fertilized

and unfertilized treatments were visibly more damp at the soil surface
than the other test frames. The apparent shading effect could have
offset the greater use of water by the four species mixture.

The above and below ground production of each species treatment
were tested separately for each fertilizer treatment (Table X and XI).
Fertilizer significantly increased above and below ground biomass for

all species treatments.

Figure 9. The fertilized four species mixture treatment in the
greenhouse on June 15, 1975




Figure 10. Fertilized 16 species mixture treatments in the
greenhouse on June 15, 1975.

Table X. The effects of fertilizer on above ground biomass in the
greenhouse experiment.

Thantdent Fertilizedl/ Unfertilized Difference : yA

Kg/ha Kg/ha Kg/ha Increase
Four species mixture 29372 2/ 1506° +1431%% 95.2
Sixteen species mixture 1078b 663b +415% 62.4
Crested wheatgrass 1151b 315 +836%% 265.4
Thickspike wheatgrass 1074b 316° : +758%% 239.9
Ranger alfalfa 569° 327° +24,2%% 74.0
Fourwing saltbush 535¢ 280° +255%% 91.1
1/ Statistical comparisons and significance valid only within each

column.

g] Treatments with different letters are significantly different (P <.05)
using the Newman-Keuls Test.
* Significant at P <.05 using t test.
*% Significant at P <.01 using t test.
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Table XI. The effects of fertilizer on below ground biomass 1n the
greenhouse experlment,

Treatment Fertilizedi7 Unfertilizéd Difference %

= - Kg/ha Kg/ha Kg/ha Increase
Four species mixture 3sssa 2/ 24482 1235%% 50.5
Crested wheatgrass 2178 . 420° . 1758%% 418.6
Thickspike wheatgrass 20547 627° 1427%  ° 227.6
Sixteen species mixture 1827b ll65§ 622%% 56.8
Fourwing saltbush 744° 204° ©540%%  264.7
Ranger alfalfa 683 ©325¢ 358%% 110.2
1/ Statistical comparisons and 51gnif1cance valld only within each

column.

2/ Treatments with different letters are 51gn1f1cant1y d1fferent
(P <.05) using the Newman-Keuls Test. .

"% Significant at P <.05 using t test.,

**% Significant at P <.01 using t test.

The legume and shrub components contributed more to the total above
ground biomass in the four species mixture than in the 16 species
mixture (Table XII). This indicates the species in the four species
" mixture were better able to use the environmental resources available
in the greenhouse than those in the 16 species mixture. It also sug-
gests that the species in the four species mixture were highly compatible
under greenhouse coriditions. This may mean that a mixture seeded with

equal numbers of grasses, shrubs and -legumes is more prbductive than one

in which the three components are unbalanced.
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Table XTI, Above ground biomass of the mixture components in the
greenhouse experiment on July 2, 1975.

Treatment Fertilized Unfertilized ‘Diffefence" %
Kg/ha Kg/ha Kg/ha . Increase
Four species mixture | -, )
grasses = . 1617 557 - +1060%%  +190.3
legumes ' 793 497 +296*% 4+59.6 -
shrubs _ 527 452 +75 . +16.6
Sixteen species mixture . _ . ,
grasses | . 967 597 | 4370%% +62.0
legumes © 108 - 66 442 463.6
shrubs 3 - .3 S =

*Significant at P <.05 using t test.
© *%Gignificant at P <.0l using t test.

The Field Experiment

Soil Water

Precipitation at Colstrip, Montana in the spring of 1975 was much
higher'ghan average (Table I). This resul;é& in more favorafle Eon—'
ditions for plang establishment than in a normal year.

Soil water data were collected at the field‘experiment site on a
monthly‘baéis using the neutron scatter method. Figure 11 shows the
average percent soil moisture aE different depths for March through Sep-—
tember in 1975. In July soil water dropped sharply and 1bw soil water
conditions prevailed -through September, flants wetre only subjected to

severe moisture stress in the middle and 1atte?.pért of August. The
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* Wilting point in percent soil water = 2 + 1/3 (% clay) +
1/2 (% organic matter).

Figure 11.

Mean percentage of water for the eight neutron access
tubes by month as a function of soil depth at
the field experiment area, Colstrip, Montana, 1975.
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standard 15 bars tension was used ‘as the wilting point although it varies

for different plant species (Brady, 1974).

Phenology

Phenoiogical records (vegetative versus reproductive growth stage)
were kept during the field étudy for crested wheatgrass, thickspike
wheatgrass, rangér'alfalfa,.and fourwing saltbush. Growth was rapid.
for all species in May and June. Redﬁceé soil moisture may have slowed
groﬁth in July. Growth was essentially completed by August 1.

A few crested wheatgrass and ranger alfalfa plants reached the
flowering stage in the monoculture seediﬁgs Which received fértilizer.
None of the species flowered in Ehe unfertilized treatments. There
waé considerable regrowﬁh of the twolgrasses énd ranger alfalfa in

Octobér.

Plant Numbers

The four épecies mixtufe ha& the highest percent germination of the
five species treatments (Table XIII). Fourwiﬁg saltbush was lowest in
percent germinatioﬁ. Thickspike wheatgrass had a higher germination
percent than crested Wheatgfass. This is in.coﬁtrast to the greenhouse
experiment where cresfed wheatgrass was higher in percent gerﬁination.
Seed used in the field expe;iment_came'from the same sack as seed used

in the greenhouse. Thickspike wheatgrasshmay,have been higher in
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germination than crested wheatgrass because of better ‘adaptation to the

local environment.

Table XIII. Percent germination for the five species treatments in the _
field study and the 16 species mixture in the SEAM planting.

' Treatments PLS/m2 . Number- of Seeds  .Percent

) Seeded Germinating/m Germination
Sixteen species mixture 1603 . 8021/ 50
Four species mixture _ 538 419 - 78
Four species mixture 538 . 419 78
Thickspike wheatgrass : 538 . 312 . 58
Crested wheatgrass ' ' 538 259 , - 48
Ranger alfalfa 538 257 48

Fourwing saltbush 108 48 bk

1/ Main effects for species treatments.

Germination percentages for the'differenf components 6f the two
mixtures were quite. different (Table XIV). Grasses had the highest
percent germinatioﬁ in the four speéies mixture. In the 16 species
mixture 1egumes had the highest percent germination. Very few shrub

seeds germinated in the 16 species mixture.

y
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Table XIV. Percent germination for the components of the two mixtures
in the field experiment. '

Treatments PLS/m2 Nuzzszigitigzds‘ Geiziizzzon.
Four species mixture

grasses - 324 : 2751J 85

legumes - 162 92 : 57

shrubs | 54 11 20
.Sixteén'speéies mixture _ _ '

grasses 1141 620 54

legumes : 237 172 ' 73

shrubs - 225 - 2. : 1

1/ Main effects for species treatments

The application of fertilizer had no significant effect on deﬁSity
of mortality of species treatments or weeds during the term of study
(Appendix Table_VIi). Density differences for the five species treat-
ments were highly significant (Table XV). The‘spe@ies treétﬁénts had

no effect on weed densities (Appendix Table VIII).
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Figure 12. The four species mixture seeding treatment in the field
) experiment on June 8, 1975.

The four species mixture had the lowest survival percentage of the
five species treatments (Table XV). Since the 16 species mixture was
part of a different study it was compared statistically to the four
species mixture. There was no significant difference between the two
mixtures on August 25. This is strong evidence that high seeding rates
do not initially result in ﬁetter stands than moderate seeding rates.
These findings agree with those of Harper (1967) and Yoda et al., (1963a,
b). They found that densities of overcrowded populations converge with

the passage of time, irrespective of the differences in the initial




50
density. At high initial densities, mortality may result in fewer plants
per area than at intermediate densities (Harper, 1967).
Table XV. Seedling mortality between emergence on Juné 8; 1975 and

August 15, 1975 for the field experiment and the 16 species
mixture in the SEAM planting.

Plants #/m Plants #/m ‘ %

Treatments June Sl/ August 15 Difference Survival
Sixteen species mixture%/ 8022 3/ 331% 471%% o 41.2
Four species mixture 4192 2592 _ 160%% " 61.9
Four species mixture T 4192 2592 - 160%* . - 61.9
Thickspike wheatgrass 312P 2492 63 , 79.7
Crested wheatgrass T259° - 2102 49 81.1
Ranger alfalfa . 257P 2272 30 88.4
Fourwing saltbush 48° _ 5? 4 93.3

1/ Statistical comparisons and significance are valid only within each
column. : ) .
2/ The 16 species mixture was compared only to the four species mixture.
3/ Treatments with different letters are significantly different (P <.05)
using the Newman-Keuls Test. '
* Significant at P <.05 using t test.
*% Significant at P <,0l using ¢t test. -

Weed densities were higher on .the 16 species mixture plots than on
the four species mixture (Table XVI). Apparently high seeding rates do
not reduce weed densities. Weed densities may have been higher on the
16 species mixture plots because many different sources of seed were

used -of variable quality. This could have resulted in a high number of

ﬁeéds being planted with the seeded épecies.
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Table XVI. Weed mortality between emergence on June 8, 1975 and
August 15, 1975 for the field experiment and the 16
species mixture in the SEAM planting.

Treatments Plants #/m Plants #/m A
- June gl August 15 Difference Survival
Sixteen species ﬁixtureg/ 29a_§/ 172 —125/ 56.6
Four species mixture 182 112 -7 61.1
Four species mixture ' 18? 112 ~7 61.1
Thickspike wheatgrass . 232 172 ‘ -6 - 73.9
_Crested wheatgrass . 192 232 +4 . 121.1
Ranger alfalfa 212 162 | -5 76.2
Fourwing saltbush 252 292 +4 116.0
1/ Statistical comparisons and significance are valid only within each

column. .
2/ The 16 species mixture was compared only to the four' species mixture.
3/ Treatments with different letters are significantly different (P <.05)
using the Newman~Keuls Test.
4/ YNone of the differences weére significant at P <.05 using t test.

In both mixtures most of the mortality was in the grass component
(Table XVII). Legumes were reduced more drastically.in the 16 species
mixture than in the four species mixture. The high numbers of grass
seedlings in the 16 species mixture'maj have decreased the amount of
moisture and nutrients. available to legume seedlings. The fibrous root
system of grasses may givé them a competitive advantage over tap rooted
species during initial establishment (Shultz et al., 1955). After tap

root elongation, .legumes and shrubs are better able to competé with

grasses. Shrubs increased in both mixtures between the two sampling
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dates. The harder seedcoatsof the shrub species may account for their
prolonged period of germination.

Table XVII. Seedling mortality for the 16 species mixture in the SEAM
planting and the four species mixture in the field '

experiment. S
. Plants #/m2 Plants #/m2 ' zZ

Ireatments June 8 August 15 ‘Difference Survival
Four species mixture | S

grasses ' - 275, 196 ~79%% . 71.3

legumes o 92 ' 70, ~22 76.1

shrubs 1 L 13 42 118.2
Sixteen species mixture . | ‘

grasses 620 223 - 397 36.0

legumes o172 © 105 -67%  6l.1

shrubs : 2 - T #1 . 150.0

*Significant at P <.05

*%Significant at P <,01
‘Production

Species and fertilizer_treatments_Were-significant for both above

~and below ground prqduction (Appendix Table IX énd XII). The‘inter—
action was significant for above ground biomass indicating ;hat the
species tregfments did not respond uniformly to fertilizer application.
The above ground productién of weeds was signiéicantly increased by,
fertilizer application but was unaffected by spediés‘treatments

(Appendix Table IX). Russian thistle was the primary weed species in
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the field experiment. This species is apparently responsive to fertil-

izer application.

The 16 species mixture in the SEAM planting and the four species

mixture in the field experiment were not significantly different in

éithgr above or below ground biomass (Table XVIII).

Table XVIII. Production means for the species treatments-in the field
experiment and the 16 species mixture in the SEAM study.

Above Ground Bio- Above Ground Below
Treatments mass for Seeding Biomass for Ground
Treatmentsl Weeds Biomass(total)

Sixteen species mixtureg/ 227a-§/'$/ 10352 4372

* Four species mixture 1512 -12042 3332

Ranger -alfalfa’ 156 " 14062 5902
Four species mixture 1512 12042 333bc‘

Thickspike wheatgrass 1442 7682 3733P

Crested wheatgrass 902> 14292 560%

Fourwing saltbush 62b 1497_a ¢

1/ Main effects for species treatments.
2/ The 16 species mixture was compared only to the four species mixture.

3/ Means followed by the same letter or letters are not significantly
different (P <.05) using Newman~Keuls Test.

4/ Statistical comparisons are valid only within columns. -

Interpretation of the root production data is difficult because the

inclusion of weeds masked the performance of the seeded species, and

sampling had to be_reduced to prevent plot damage. Both seeding and

fertilizer treatments were significant for below ground biomass

(Appendix Table XII).
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The top 15 cm of soil contained 65 percent of the below ground

biomass and 95 percent was in the top 30 cm. These percentages were

the same for both fertilized and unfertilized treatments.

Fertilizer increased below ground biomass in all species treatments.

The increase was statistically significanf only for thickspike wheatgrass

and fourwing saltbush seeded as monocultures and the 16 species mixture

in the SEAM planting (Table XIX): The fertilized 16 species mixture may

be superior to the other treatments in .soil stabilization. This is

because of the increased binding of soil pafticles by tﬁe-largér_number

" of roots.

Table XIX. Effects of fertilizer on below ground biomass in the field

experiment and the 16 species mixture in the SEAM. planting. .

Treatment Fertilizedl/ Unfertilized Difference %
Kg/ha Kg/ha Kg/ha Increase
Sixteen.species mixﬁureg/ 6192 3/ 2542 365%% . 138.3
Four species mixture 3452 3212 24 7.5
Crested wheatgrass : 6272 494ab . 133 26.9
Ranger alfalfa 5932 5882 5 0.9
Thickspike wheatgrass 5292 ° 2],7bc 312%% 143.8
‘Four species mixture 345% - 321%bc 24 7.5
Fourwing saltbush 3072 170° 137%# . 80.6
1/ Statistical comparisons and significance valid only within each
column. ' . .
2/, The 16 species mixture was compared only to the four species mixture.
. 3/ Means followed by the same letter or letters are not significantly
different (P <,05) using Newman-Keuls Test.
% Significant at P <.05 using-t test.
Kk

Significant at P <.0l using ¢ test.




Figure 13. The fertilized 16 species mixture treatment from the SEAM
planting on August 1, 1975.

Figure 14. The fertilized 4 species mixture from the field experiment
on August 1, 1975.
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The five species treatments did not respond uniformly to fertilizer
épplication in above ground produétion.(Table XX). Ranger alfalfa
seeded as a monoculturé‘and the 16 species mixture in the SEAM planting
produced more above ground biomass'in_the unfertilized treatments but
the difference was not significaﬁt.

Table XX. Effects of fertilizer on above ground biomass in the field
experiment and the 16 species mixture in the SEAM planting.

Treatments Fertilizedl/ Unfertilizéd Difference | %
Kg/ha Kg/ha . Kg/ha Increase
Sixteen species mixtureg/ 233a 3/ 2232 ~10 ' —4.3
Four species mixture 2292 ‘ 75b '  +154%% +204.8
Four species mixture : 2292 75b_ +154%% +204.8
Thickspike wheatgrass " 197%P 4 912b +iO6* +116.8
Ranger alfalfa - 1392P° 1732 -3 -19.7
Crested wheatgrass 113ab 61b +57 +93.4
Fourwing saltbush 67b. 56b ) +11 +19.6
1/ Statistical comparisons and significance are valid only within each

column.
2/ The 16 species mixture was compared only to the four species mixture.
3/ Means followed by the same letter or letters are not - s1gn1f1cantly
different (P<.05) using Newman-Keuls Test.
. % Significant at P <.05 using t test. -
*% Significant at P <.01 using t.test.

Legumes produced'more above ground biomass than grésées in the 16
species mixture (Tablé'XXI). This may be accounted for in part by .the

fact more soil water was available to then. Theftap‘roots'of legumes

penetrate much deeper than the fibrous root systems of the grasses.
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' Figﬁ;e:il'shows tﬂat sbii‘wgfér increases rapidly as éoil depth ‘in- -
'creaéés; : B

Legumes in'bofh the 16A§nd four spé;igé mixture yielded gréater "
above ground growthjwhen fertilizer Waslnot épplied; Yéllow sweetclover
(Melitotus officinalis), a'bignnial, made up 59 percenf-of the above
ground 1egume'prohuction when the léfspecieé ﬁixture wa; fertiiized.
When fertilizer was not applied it éccoqntedifor 76 bercent Qﬁifhe
' 1eéumé prodﬁcpion.' | |

Table XXI. Above ground biomass of the mlxture components of the field
: experlment and the SEAM plantlng on: August 19, 1975

Treatment Fertillzed Unfertlllzed D1fference %
: Kg/ha Kg/ha Kg/ha - Increase -

Slxteen spec1es mixture - . o , ) P |

grasses .. 102 L 46 +56  119.2

legumes - 121 : 186 . -65%% - 34.9

shrubs o = . - = -
Four épécies.mixture N ' o

grasses - o L1200 21 +108 °  522.0

legumes o 86 49 437 - 77.0

shrubs - S 14 6 '  ‘ A 134

*#Significant-at P <.05
© *%Sjgnificant at P <.01

Above ground biomass data Suggést:that'legﬁmes are better able to
compete with grasses in the absence of fertilizer. Nitfogen fixing
bacteria are often associated with‘leguﬁes (Brady,fl974). This is a

‘poésible reason for fhe:higher production of the -leguminous speéies'in '.
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the 16 species mixture when fertilizer was not appiied. The appiication
.of phosﬁhorus without nitrogeﬁ would likely incréase legume above ground
biomass. This nutrient has been foun&'to be more 1iﬁiting to legume ‘
production than nitrﬁgén (Brady; 1974).

In contrast to legumes, grasses were very responsive to fertilizer.-
Buchholz (1972) found that the vegetative pfoducfion of thickspike wheat-
gréss on mine spoils at Colstrip was significantly increased when nitro-
gen and phdsphorus.were applied. It éppéars fhat épplication of these
two nutrients can increase gréss production on areas such as ﬁine-spoiis

where fertility is low,

Cover

Canopy cover was not éignificantly different betﬁeen the 16-species
mixture in the SEAM planting and.the four speéies mixture in the figld ‘
experiment (Table XXII). Species treatments had no effect on weed cover.

Fertilizer application significantly increased weed cover.
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Table XXII. Percent canopy cover for the speéieé treatments in the
field experiment and the 16 species mixture in the SEAM
planting on August 17, 1975.

" Treatments Z.Canopy Cover % Canopy Cover
: Species Treatments Weeds
Sixteen species mixturel/ 18. lla 2/ 3/ 45,25a
Four species mixture 18.282 30.30%
Four species mixture - , ]_.8.28é - 30.30%
Ranger alfalfa, ' ‘ ‘ . 18.112 32,352
Thickspike wheatgrass ' 17.78% | 23,182
Crested wheatgrass _ _ : _,12.63a 33.032
Fourwing saltbﬁsh 4.86b 43.05%

1/ The 16 species mixture was compared only to the four species mixture.

2/ Means followed by the same letter or letters are not 31gn1f1cantly
different (P <.05) using Newman-Keuls Test.

" 3/ Statistical comparisons are valid only within columns.

. Above ground biomass and canopy covérage for species treatﬁents
wé;e correlated at ™01, r = .8466. This strong correlafion suggesté
that species treatments in the first growing season may be accurately
evaluated by canop& coverage alone, .The regression of.percent canopy

cover and above ground biomass is shown in Figure 15. .The regression

line fits rather weil with the points in this figure.
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Figure 15. Regression of canopy cover on the above ground biomass of
species treatments for the field experiment and the 16
species mixture in the SEAM planting.

Canopy coverage and weed production were correlated at P <.10,

r = .5866. The points are not well fitted with regression line in
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Figure 16. This indicates that the value of cover in predicting above

ground biomass of weeds decreases as productivity increases.
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Figure 16. Regression of canopy cover on the above ground biomass of
weeds for the field experiment and the 16 species mixture
in the SEAM planting.
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Root depth

A total of 15 each of crested wheatgrass, thickspiké wheatgrass,
ranger alfalfa, and fourwing saltbush plaﬁts were excavated in both the
fertilized and unfertilized treatments in the field experimeﬁt. The
same ﬁumbgr of antelope bitterbrush plants were taken from the SEAM
experimental units. Theée plgnts were used for compafison with the
four species in the field experiment. Fourwing saltbush roots grew to
a greater depth than the other fiveAspecies (Table XXIII). This may
explain why this species had such high seedling sgrvival-during the
first growing season.

fertilizer did not significantly affect rooting depth of the five
species in this étudy. This may be why .fertilizer had no effect on

plant mortality.

Table XXIII. Root depths of five species in the field experiment.

Fertilized Unfertilized Difference

Species L (cm) (cm) (cm)
Fourwing saltbush . ' . 3563 3107 'B,é%h/
Ranger alfalfa 23,6 2341 8
Antelope bitterbrush . 1803' - 1803 | -
Crested wheatgrass 170 - W0 ° - 3.0
Thickspike wheatgrass ' 1765 - 1365 2.0

lj None of the differences were significant.at P <.05 using t test.
* Antelope bitterbrush plants were from the SEAM planting.
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Figure 17. Fourwing saltbush seeded as a monoculture with fertilizer
application in the field experiment on July 10, 1975.

The Greenhouse and Field Experiments Compared

Density

Germination was higher in the greenhouse than in the field experi-
ment for all species treatments as monocultures. However, the four and
16 species mixture had a higher percent germination in the field than in
the greenhouse experiment. The 16 species mixture had many native
species which have different temperature, moisture, and light require-

ments. These conditions were evidently met better in the field than in

the greenhouse.
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Percent survival was higher for all speéies treatments in the green-
house except ranger alfalfa planted as a monoculture. ‘Mortality was
greatest for ghe two species mixtures in the field. The grass component
in the two mixtures had the lowest survi§a1 undér field condi;ions. Thié
‘was probably because of reduced soil water in the top 15 cm of soil in
- July and Augﬁst. In the greenhouse, both mixtures had the highest
mortaiity in the legume component. Very féw weeds were present in the
greenhousé gxpériment,whereas Weedé were quite numerous in the field.
Approximately 35 percent of the soil used'in the greenhouse experimenf
was'topsoil. This indicates relatively few weed seeds were in the
applied.tqpsoil. |

In both éxperimenté, fertilizer had no significant effect on plant
density or mortality.- This may mean that fertilizer ié'of n6 value
from the standpoint of increasing plant survival in the first growing’

season of a seeding.

Production

Aﬁove and below ground production for all spediéa treatments was
much higher in the greenhouse than in the field.. Water wa§'the brimary
_variable which wés different in the two . experiments., This study cleéfly

indicates that precipitation is the iargest limiting factor to biomass

production in the first year of spoils reclamation in the Colstrip area.
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All spec;eé freatments gave a.siénificant responéé-to fertilizér
application in the greenhouse; Under field'conditioﬁs 9n1j the tﬁo ’
ﬁgraséxspecieé éeedéd?as monpéulfﬁréé and the grass components.of fhe
two mixturés:respondéd éignificantly Eo fértiiiief‘appiicatiéﬁ.ﬁ,Thié .
may meaﬁ.that'early fertilizagion can effecfively:aid-estgbiishment'
.6fiéraéses on mine spoiis’at Coistrip; but it is qf lit£1e Vaiué go
'1égume$ and shrubs. . | |

‘ Both‘expériments'suggeét_that~heéﬁy seeding rates uéing allarge_
number of species do not result in better protecfife cove£ and,higher
productivity inithe first Séason‘than mddérate sééding ratés with é
reduced nﬁmber of species. It hasAbeen fouﬁd that at high seeding
densitiés.yield;.afe aéfually-lower than at mode;ate denéities (Duncan,
I958).’ Diffg;ent spggies reach maximﬁm yiélds at different densities
(Donald, 19633; This indicates that a carefully designed mixture with
‘only a few species seeded.at a modefate rate js likely,tblbe most

productive in the first growing season.




SUMMARY AND CONCLUSIONS
Sﬁmméry

A study of specigS‘and‘feftilizer treatments was conducted‘ﬁﬁring_:‘
the spring and‘sﬁmmer of 1975. The's£udy objectives Qere-té deterﬁipg
the rate of establishmeﬁt‘6f,différeﬁtiépecies treatments with'aﬁd 
without fg;filizer applicétipn dn coal mine,éppilsAét.Cdistrip, Monfaﬁa.
'During.the same pe;iod a.éfeenhouse exﬁeriﬁent:was conducted: at MSU in!
Boieman,'Moptané paralle1 to fhe field éxperiment,tormeasure-tﬂe-efféc;.

tiveness of the.different treatments under controlled conditions.
': Concluéions_

Based‘on thé.exﬁerimenﬁal evidence an&'observatidns‘ﬁéde during - -
this research? the‘following-concluéiqns afe.presenteafl

1. ﬁigh seediﬁg rates didfnbf préduce betteristands‘thah moderaté
seeding rates. Mortality after’sée&ling_emefgence-waé_hiéher under
 heavy seeding rates Eecause'of iﬁcreaéed compéfitién; This resulted .in
stands ét thelend bf,thé-firs£ growing séésoﬂ‘that‘wefé-éimilar:in‘.
&ensity tqlthosé séeded at a modérateirate.;

2. Nitrogen'andjphospho?ué fertiliéer applie& at lpw ratés after
seedliﬁg eme;génce had ﬁé éffect on's‘.‘ee«illiw:xg“s'urviv‘a'l..~ ﬁéyn et al.,
(1975) feported éimilaf findings on miné spdiis at Colstfip.'

| 3. The applicatieﬁ of fertili?er.inCreased the productivity of

rhizomatous and bunch type cool season grasses on mine spoils.
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4. The productivity and proteétivefcanopy cover of the 16 species
pixpﬁfg Which contained yeilow sweetclover, a biennial, was no better
than-that of the four species mixture comprised of Critana thickspike
wheatgrass, Falrway crested Wheatgfass, ranger alfalfa, and fourwing
saltbush. 'This suggested that there was no advantage to using yellow
sweetclover in the 16 specieé mixture.

5. In terms of productivity and protective cover in the first year
of establishment, there may be no advantage to using a mixture with a
large number of Aifferent species at high seeding rates. The316 species
mixture and the foﬁr species mixture will have to be studied for a
number of years before any_conclﬁsion can be made as to which mixture‘.
best meets the objectives of reclamation.

| 6. Crésted and thickspike wheatgrass gave eéually good first year
stands oﬁ strip mine spoils at Colstrip. Critana thickspike Wheatgrgss
is a native species selection that has éhown much potential for reseeding
of strip mine spoils in eastern Montana because of high germination and .
seedling survival on diffiéult sites;

i.. Soii watér was a more 1imitiﬁg facﬁor on plant productivitf
than soil fertility in the field experiment. Précipitation at éolstrip
in £he spring of 1975 was much above average. The species used in thié
stud§ could be expécted to show less response to fertiiizer if the

field experiment was repeated in a“year With'oﬁly éverageiprecipitation.
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8. Different species treatments had little effect on fhe-establisﬁ—
ment of wééds, but  weed productivity aﬁd éanopy cover was incfeased by
fertilize; applicafiqp. Research is -needed to detef@ine if weed control
can aid inﬁestablishment:of'seeded specieé;

9{. Tﬁe strong_éofrelation between production and canopy coverage
daté‘in the field experimeht indigated:that_séeding treatments can be
effecti&ély eféluated‘by canopy coverage alone. Canopy coverage is a
rapid method of-anélyziﬁg experiﬁental units without démagipg them, .

10. Fﬁurwing‘saltbush'is a native shrub speciés whicﬁ‘appeared
well éuited'to environmental conditions’at the field.expérimenf site
becguse‘of highvgermination, rapid root elongation, 1ow~seedling moxr-
tali;y, and high competitivé ability when' planted iﬁ a mixturé with
-géass and legume specieé. it gdve 'much better establishment‘on'mine

. spoilé_at Colstrip than antelope bitterbrush.
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Appendix Table I. Analyses of variance of plant density'in the
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greenhouse experiment, Bozeman, Montana.

%% P < 01

April 20 July 1
Source of Degrees_bf Mean Mean
Variation ) Freedgm . Square " Square
Total 35 - -

Blocks 2 2227.44 5315.25
Treatments 11 103420.49%%  63938.05%%

Species 5 95931. 0% 62204,1*¥
Fertilizer 1 215.11 31211

Species x Fertiiizer 5 .7274.38  ...1421.84
Error 22 3345.83 - 1583.98
.Significance: * P <,05
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Appendix Table IT. Analyses of variance of above and below ground
biomass in the greenhouse experiment, Bozeman,

Montana.

Above

Below
Ground Ground
Biomass Biomass
Source of Degrees of Mean Mean
Variation Frgedom Square Square
Total 35 - -
Blocks P 58,324.2 52,852.3 .
Treatments 11 14,743,936%* 6,995.402%%
3p§¢ies 5 5,340,466**, 2,714,120%%
Fertilizer '1 8,538,110** 3,890,7605*'
Sbeciés % fgrtilizef' S5 465,366** ,390,522**
Error 22 61,885.3 74,830
:Signifigancé:v * P <,05
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Appendix Table III. Summary of analyses of variance for fertilized
above ground blomass in the greenhouse experlment,

Bozeman, Montana

Source ' - ‘ Degrees. _ Mean
of Variation o o of Freedom Square
Total ; EEEEEY -
Blocks - | 2 121,117
Treatments - 5 2,330, 400%%
Error | , . | 10 146,163

Significance: * P <.05
#% P <01

Appendix Table IV. Summary of analyses of variance for unfertilized
above ground biomass in the greenhouse experlment,

Bozeman, Montana.

Source ‘ e Degrees Mean

of Variation ‘ ' of Freedom Square

Total S 0w -

Blocks | 2 9,234.67

Treatments o 5 69,324.00%*
~ Error ' - 3 lb

2,964.73

Significance: * P <.05
*% P <,01




Appendix Table V.
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Bozeman, Montana.

Summary of analyses of variance for fertillzed
below’ ground biomass.in the greenhouse experiment ,

Mean

Appendix Table VI.

Source 'Degrees

of Variation of . Freedom Square .
Total .17 -
‘Blocks .2 88,432
Ireefments 5 3;657;716**
Error . - 10" 112,537
Significance: .* P <.05

Summary of analyses of variance for unfert111zed
below ground biomass 1n the greenhouse experlment,
Bozeman, Montana. . :

Mean-

% p <01

Source Degrees
of Varidtion ' of_Ereedon Square
"Total : g i% -
'Biocks ‘2 | 12,75211
:Treetments 1f 5 '2 148 120%*
Brror 10 15,038
. Significance: e P <,05




Appendix Table VII.

E Sumﬁary of analyses of variance for density of

seeded species in the field experiment, Colstrip,

*% P <.01

Montana.
_ June 4 August 25

Source of Degrees Mean Mean
Variation . of Freedom Square Square
Total 29 - -
Blocks 2 ,;' 2,459;43..7 9,165.10
‘Treatments 9 139,639, 974% 56,948, 28%*

Species 4 109,610%% 46,643, 1%%

Fertilizer 1 22,963.3 '5,824.13

Species x fertilizer . 4 . 7,066.67 . 4,681.05
Error 18 | 5,620.36 .3,981.62
Significance: * P <,05
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Appendix Table VIII.

Summary of analyses of variance for weed density
in the field experiment, Colstrip, Montana.

June 4 August_25

Source Degrees Mean Mean
of Variation of Freedom Square Square
Total 29 -, -
Blocks B 433.3 53.233
Treatments 9 496.7% 451.3667

Species 4 55.2 _.303.217

Fertilizer 1. 367.5 124.033

Spééies x fertilizer 4 74.0 . 24.1167
Error 18 " 161.97 184.5933

Significance * P <, 05

*% P <01
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Appendix Table IX. Summary of analyses -of variance of -above ground
biomass in the field fertilizer experiment,
Colstrip, Montana.

‘Seeding
Treatments Weeds
Source Degrees ) Mean Mean
of Variation of Freedom Square Square .
Total - 29 | - -
Blocks 2 asa3 14,402.0
Treatments 9.  45,030.22%%  2,512,790%%
Species , 5 . 10,836.6%% 526,736.0
Fertilizer 1 . - 25,872.0%x - 1,835,710.0%%*
Species x fertilizer 4 8,321.62%" 150,344.0
Error 18 2,115.28  210,987.8

Significance: * P <.05
*#% P <,01




Appendix . Table X.
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Summary of analyses of variance for fertilized .

above ground biomass in the field experiment,
Colstrip, Montana.

. Appendix Table XI.

Source Degrees ‘Mean
of Variation of Freedom Square
Total 14 -
Blocks 2 '5,942.4
Treatments - P2 12,347.2*
-Error 8 3,202.82
' Significance: * P <.05
' % P <01

Summary of analyses of variance for unfertlllzed

above ground biomass in the field experlment,
Colstrip, Montana.

Degreés

Source _ 'Mean

of Variation of Freedom Square

Total 14

Blocks 2 202.1

Treatments 4 6,811.1*

Error 8 1,048.8
* P <,05

Significance:
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Appendix Table XII. Suﬁmary of analyses.of variance for below ‘ground
: ' biomass .in the field experiment, Colstrip, Montana.

Seeding
Treatments
Source : Degrees ‘ Mean
of Variation _ _ of Freedom Square
Total _ 29 - ' . ' -
Blocks . ‘2 _ ' 2404144**'
Treatments _ o L 9 ' 271,169*¥:'
Species ' ' .4 137,303%%
Fertilizer . . | T 111,386%
Interaction . - - 4-‘.' ' _ 22,480
Error o ' 18 o 17,213.78
:Significanée: * P <05
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Appendix Table XIII. Summary of analyses of variénce for fertilized
below ground biomass in the field experiment,
Colstrip, Montana.

Source Degrees Mean

of Variation ) of Freedom . Square
Total ' - 14 ' -
Blocks 2 . 109,715.0%
Treatments ‘ 4 _ 63,575.8 -
Error - - - 8  22,808.1

Significance: - % P <,05

Appendix Table XIV. Summary of analyses of variance for unfertilized
’ below ground biomass in the field experlment,
Colstrip, Montana, .

Source . ) ) * Degrees . Mean
of Variation " . of Freedom Square
Total ' S “ 14 - -
Biocks o ' 2 133,858%*
Treatments - . b 96,206.8%
Error’ L ' 8 . 15,065.5
- Significance: * P <.,05:

%% P <,01.




Appendix Table XV. Summary of analyses of variance for canopy cover
in the field experiment, Bozeman, Montana.

Seeding .
Treatments Weeds
Source of Degrees Mean Mean
Variation of Freedom Square Square
Total 29 - _
Blocks L 2 28,420. 9% 360.936
Treatments | 9 33,938, 22%% 2,231.672%%
Species | : 4 20,205, 9% . 304,772
Fertilizef . 1 9,720.00 1,877.04%%
Species x fertilizer 5 4,012.92 49.855 .
Error 18 3,025.0 166.23
Significance: * P <.65 .

*% P <,01
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Summary of analyses of variance'for'regreséion
of percent canopy cover and the above ground
biomass in the field -experiment.

Source of

Degrees . , Mean Square
Variation of Freedom . Seeding Treatments’
Total 9. ‘ -
" Regression - 1 | | 567.1170% -
Error

+18 - - 10.6603

*Significant at P<Q05

. 1

* Appendix Table XVII.

Summary of -analyses of variance for the regression:>
of percent canopy cover and the above ground '

" biomass of weeds in the field experiment.

Source of Degrees . . . Mean Square
Variation -of Freedom - = - Seeding Treatments
Total mwooo -
Regressibn i f o -438.1560*,
Erfor

10 .. . " 83.5273

*Significant at P05
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