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Abstract:

Eastern Montana is a region in which coal mining in the past decade has resulted in the destruction of
soil systems and vegetation. State law requires this land be reclaimed with the establishment of
permanent, diverse, predominantly native plant communities. Fertilization is one management
technique that may help to meet this legal requirement. This study evaluated the effects of several
fertilization treatments on the establishment of vegetation on mine land.

A native species mixture was seeded on cover-soiled, regraded mine spoils in the fall of 1981 at
Colstrip, Montana. The following spring, the site was fertilized with 24 treatments of N (0, 14, 28, and
56 kg N/ha), P (0, 112, and 168 kg P/ha), and K (0 and 28 kg K/ha) in factorial combination.
Vegetational establishment was evaluated by measuring plant density, aerial biomass, canopy cover,
and frequency by plant class and species. In addition, species diversity, evenness, and richness were
calculated for each treatment.

After one growing season, P was the only fertilizer element to significantly affect vegetational
establishment. Regardless of the level of N and K, P fertilization at 112 and 168 kg P/ha decreased
density, aerial biomass, canopy cover, and frequency of warm season grasses. Legume aerial biomass
and canopy cover were reduced by fertilization at 112 kg P/ha. The reduction of these two plant classes
may be due to P fertilization increasing the competitive effect of other plant classes. Phosphorus
fertilization increased the aerial biomass and canopy cover of annual forbs and annual grasses. Species
diversity, evenness, and richness varied over the study site, but were not affected by fertilization.

It was recommended that P fertilization not be used the first growing season due to its negative effect
on warm season grass and to an extent legume establishment. Nitrogen and K fertilization were not
necessary for plant establishment under conditions of this study.
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ABSTRACT

Eastern Montana is a region in which coal mining in the past
decade has resulted in the destruction of soil systems and vegstation.
State law requires this land be reclaimed with the establishment of
permanent, diverse, predominantly native plant communities.
Fertilization is one management technique that may help to meet this
legal requirement. This study evaluated the effects of several
fertilization treatments on the establishment of vegetation on mine
land.

A native species mixture was seeded on eover-soiled, regraded
mine spoils in the fall of 1981 at Colstrip, Montana. The following
spring, the site was fertilized with 24 treatments of N (0, 14, 28,
and 56 kg N/ha), P (0, 112, and 168 kg P/ha), and XK (0 and 28 kg K/ha)
in factorial combination. Vegetational establishment was evaluated by
measuring plant density, aerial biomass, canopy cover, and frequency
by plant class and species. In addition, species diversity, evenness,
and richness were calculated for each treatment,

After one growing season, P was the only. fertilizer element to
significantly affect vegetational establishment., Regardless of the
level of N and K, P fertilization at 112 and 168 kg P/ha decreased
density, aerial biomass, canopy cover, and frequency of warm season
grasses. Legume aerial biomass and canopy cover were reduced by
fertilization at 112 kg P/ha. The reduction of these two plant
classes may be due to P fertilization inereasing the competitive
effect of other plant classes. Phosphorus fertilization increased the
aerial biomass and canopy cover of annual forbs and annual grasses.
Species diversity, evenness, and richness varied over the study site,
but were not affected by fertilization.

It was recommended that P fertilization not be used the first
" growing season due to its negative effect on warm season grass and to
an extent legume establishment. Nitrogen and K fertilization were not
necessary for plant establishment under conditions of this study.
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INTRODUCTION

Since the late 1960's and early 1970's, America's need for energy
has incieased, while reliab;lity of foreign sources of energy has
decreased. Shdrtagés of 6il_and gas during the 1970's resulted in
iong lines at gas stations and higher prices.for all petroleum
produéts. The Arab oil embargo during fhe early 1970's demonstrated
the vulnerability of the United States to ﬁolit;cal blackmail. In
order to prevent the United States from falliné'victim to the demands
- of 0il and gas exporting éountries, the Nixon administration initiated
policies to aéhieve enefgy independence, Sueceeding admihistrations
adopted this goal of achieving energy independence for the Uni@eq
States.

An integral part of the governmené's policy for achieving energy
independence was the encouragement of the development of western coal
fieldé. Eastern Montana is one western region where coal developﬁent
has expanded in the past decade. The Fort Union formation, a'
-geological unit that encompasses much of éastern Montana, contains
vast deposits of coal. Furthermére, the Powder Rive; Region, a
southern extengion of the Fort Union Formation, is estiﬁated to
contain 246 biilion tons of sub-biﬁuminous coal (Packer f974L
Several strip mining opefations have opened or expanded in eastgrn
Méntana during the past decade in rééponse to the energy needs of-the
country. One.sueh operation is Western Energy Company's Rosebud Mine
located at Colstfip, Montana. Coal mining‘has taken place in the

Colstrip area over the past fifty years, but in the lasf 10,years.the
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operation has expanded considerably. .Large area strip mining
operations are expected to continue-at Colstrip for the next several
decades, - | | |

‘ Strip mining of coal has resulted in the destruction of piant
communities and disruotion of soils., The Federal Surface Mining
Control and Reclamationlict'of 1977 required this land be reclaimed to.
a use equal to, or higher than, the use prior to mining. \&t Colstrip
much of the mine land was formerly. rangeland. The Montsne Strip and
Underground Mining Act of 1979'required the establishment 6n mine land
of a suitable, pernanenti diverse,(Vegetational’cover consistiné
. primaril&Hof native species capable of feeding livestock and wildlife,
" withstanding grazing pressure, regenerating'under naturai_conditions
prevailing at the site, and preventing soil erosion-to the extent
achieved prior to mining.

Establishment of diverse, predoninently native nlant'communities -
is the'goal of revegetation efforts at Colstrip (Coenenberg 1982). In
order to achieve this goal, mine spoils are graded to approximate,
original contour and covered with material suitable for plant growth
usually consisting of pre-mine topsoil and subsoil. ‘

| Establishment of diverse, native plant communities‘oncmine'soiis
may be affected ty‘severel'factors, Qne factor is the nutrient status
of the piant growth medium. Hodder et al.(1971) noted nutrient
deficiencies on mine spoils at Colstrip could be corrected using'
fertilization. - Byllimiting nutrient deficiencies, vegetational'

productivity of mine land can be increased to its maximum potential.

Little informationjis available in-the literature'concerning the
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.effects of fertilization of mine s0ils on tﬁe establishment of native
p;ant species; In particulgr,‘informétion is lacking on how
fertilization-affects the various components of newly'estébiished ]
plant communities'suqh as warm season grasses, or biéhnial forbs. An
understanding of how'fhftilizatién affects initial vegetafioﬁ'
establishment is important. The initial éomposition of the plaﬁt
community may determine the successional direction the community will
také. "It is important to choose the fertilization begiﬁe that .
'aéhieves the desired revegetation goals.

The objective of this study was to determine the first yeér
respénse of a native species mixture to twenty-four fertiliza;ion ’
treatments of nitrogen, phospﬁorus,.énd potassium in faetoria;"
combination on'covef-soiled, regraded mine spoils at Colstrip; |

The objective of this study was_qet by évaluating’the various
plant classes that comprised the newly established plant community. A
feftilization treatment that improves establishment of.ﬁhe various
plant components, provideé high diversity for the overa;l piant
~ community, and inéreases plant productivity'tp levels that meet post
_ mine land uses;fshould be deemed an.acceptable management practice,
: Management practiées that'édverseiy affect thé éstablishmept of ane or
more of these components could lower di§ersity of the totai community
to unacceptablé levels, In addition; a management pr#ctiee that
increases the dominance of one species over others, could decrease:

plant community diversity.

[ !
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LITERATURE REVIEW

Plants need at least 16 element?s in order to maintain vigorous
growth and re;nain healthy. These elements are carbon (C), ‘hydrogen
(H), oxygen (0), nitrogen (N), phosph.orus- (P), potassium (K), calcium
(Ca), magnesium (Mg), sui.fur (s), z‘inc'\ (Zn), i‘ron' (F‘e), maAng.an'esé
(Mn), copper (Cu), boron (B), molybdenum (Mo), and chlorine (CI)Q

Often one or more of these essential n'utr_'ienﬁs is iacking in a
soil in amounts necessary for adequate’ plant gro‘éyth;. Ferti.].'iz:atiori- is
used to co‘rréct nutriént d‘efici”encies. in Qrdér :to develop  an, -
effective fertilization program on mine land, one must understahd how
vegetation respoﬁds to fertilization, factors thatinfluén’ée plkar{t

response to fertiiization, and~eleménts of nutrient cycling.

Several studies on both’ r‘angeland and mine land 'notgd thét

Fer'tilli.zatiori of r"ange‘la'nd.s with N increased' yieldl and/or cévier‘
. for Agropyron ga_m;l_t,_b_;i with corres‘ponding dgci;eases for g_g_u_t&_;gg_g ’
gracilis (Goe'tz 1969, Power 197'9,‘ Rauzi 1978). These .s,tudies :
attributed the decreases in a,_ gm;_lﬁ to compet‘iti'vej and shading
effects of A, smithii. Rogler and Lorenz (1957) noted the grazing of'
s#udy plots may eliminate these competitive effects. Fertilization .of
a southeaster;p All;erta grassiand with N or'; valus P- generglly

inereased basal area of cool season perennial graé,ses and weeds, while

decreasing warm season grasses and. sedé'es (Johnson et al. 1967). In ..
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gastern Montana, a ten year study showed species composition varied as
much among years as among fertilizer treatments (Wight and Black
1979). Generally, N fertilization increased plant community
composition of cool season grasses, reduced sedges, and at rates
above 33 kg N/ha reduced Bgu_tg_;hg_gg gracllis. A study near Havre;
Montana found annual fail application of N for 3 years increased
production of total grass, Stipa comata, arid Ammmm, but
decreased other grasses, forbs, and Artemisia frigida at‘cumulative;.
rates above 336 kg MN/ha (Houlton 1975). Meyn et al. (1976) reported
N plus P fertilization of native range near Colstrip, Montana
increased cover of annual grasses, forbs, and Gutierrezia sarothrae
without affecting perennial grass production. Ir_1 another study;
AE@D.‘H’.QB smithii and Stipa viridula production were not affected by
fertilization with rates of 0 to 640 kg N/ha, however the highest rate
increased production of Bromus fectorum and Bromus J@mm (White-
and Halvorson 1980). In Sidney, Montana no changes in plant community
composition were found four years after a single application of N plus
P in which the highest rates were 672 kg N/ha and 224 kg P/ha (I»Jight
and Black 1978).

The effects of fertilization on the botanical composition of
" newly established vegetation on mine laﬂd have also been studied.. A
study at Decker, Montana co_mpar'éd seed mixtures conéisting of all
native species, all introduced species, and a combination of both
species (Farmer et al. 1974). Fertilization increased the grass

production of all the mixtures on topdressed and irrigated plots,

however, introduced species significantly outproduced the natives.
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DePuiﬁ et al. (1978) reported on the fertilization of several seed
mixtures that included native and introduced species seeded separately
and in combination. Native species did best at the zero or lowest
fertilization rates, but were outproduced by introducéd specieé at
higher rates. In another study at Colstrip, Montana; DePuit and

Coenenberg (1979) found N plus P fertilization increased stand

composition of Agropyron cristatum and Bromus inermis while decreasing
legunes.
Cool Season Grasses

Fertilization with N or N plus P increased the response,
establishment, yield; or density of several wheatgrasses (Agropyron
SppJ on mine land and Eangeland (Danielson et al. 1979, DePuit et al.-
1978, Hodder et al. 1971, McGinnies and Nicholas 1980). Physiological
changes in wheatgrasses due to fertiliéation have also been noted.
Samuel et al. (1980) found N fertilization increased crude protein
content of A, smithii. Goetz (1975). found the same trends for A,
smithii, and reported that addition of P with N fertilization slightly
increased crude protein content. With only P applicétion,_crude
protein values were much lower. Black (19685 reported fertilizatioh
increased average crude protein production of vegetation in
northeastern Montana on an A, ecristatum site and a native range site
composed of 55 percent A, smithii. Phosphorus fertilizétion‘also
increased P content of plants regardiess of N fertilizer rate.
Nitrogen fertilization increased water use efficienéi of tﬁese two

sites 1.5 to 2.0 times, regardless of P fate. Fertilization affected
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mycorrhizal development in 4, trachyeaulum (Danielson et al. 1979).
Nitrogen plus P fertilizer incr_eased the rate of endomycorrhizae
development and the presence of vesicles _within roots.

Several studies examined the effects of fertilization on other
cool season range grasses. Goetz (1969) found in southwestern North
Dakota that N fértilization increased basal cover of Calamoyilfa
longifolia, while cover of Stipa comata decreased. Fertilization
decreased percent composition of S, m_a_t_g_in western Montana (Klages
and Ryerson 1965)', and reduced its fréquency in -Coloradol (Houston and

Hyder 1975). In contrast, S. gcomata reached maximum yields at 336 kg

N/ha (Wight and Black 1972), and reached maximum leaf lengths at 75 kg -

N/A in the Northern Great Plains (Goetz 1970). Stipa comata also |
increaséd in protein content with N'f‘ertilizat,ion (Goetz 1975). Black
and Reitz (1969) found N plus P fertilization increased the seed yield
and water use efficiency of S, yiridula omn a s.tudy conducted alt
Sidney, Montana. 1In contrast, Power (1979) found no effects on S,
viridula due to fertilization, while Goetz (1975) found protein
content increased. Wight and Black (1972) found Eoeleria gx;j,_gt_aj;g ;
yield unaf_f‘ectéd by N and/or P fertilization, but other studies found
it significantly redueéd or eliminated (Houston and Hyder 1975, Power
and Alessi 1971). Poa secunda generally relsponded to fertilization
with increased yields (Baldwin et al. 1974), increased protein content '
(Goetz 1975), and increased leaf length (Goetz 1970). Houston and
Hydé;r' (1975) found héavy applications of N deéreaséd yieldé of P.

secunda about 88 percent. Nitrogen plus P fertilization inereased

vields of Festuca Jidahoensis in Oregon (Baldwin et al. 19T4).
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Nitrogen and N plus P fertilization increased yields of Festucs

scabrella when applied at rates up to 1015 kg N/ha and 860 kg P/ha,

while fertilization at levels of 350 kg N/ha alone or wiﬁh 290 kg P/ha
killed F, rubra (Johnston et al. 1968). Fer%ilization also increased

yields of Bromus ipermis in this Canadian study.

Harm Season Grasses

Few studies have documented the response to fertilization of seed

‘mixtures or plant communities consisting almost entirely of'wérm

season grasses. Warnes and Newell (1969) concluded that fertilization
during the first growing season had no benefit on establishment of

Papicum yirgatum, Sorghastrum nutans, Bouteloua ﬂx"_timmm;.ag

Andropogon gerardil, and Schizachyrium scoparium. Nitrogen
fertilization tended to increase biomass production of weeds, whilé'

decreasing warm season grasses, Fertilizer applied after the fifst '

growing season, increased forage yield from 10 to 243 percent
depending on number of years after establishmenﬁ, soil fertility, and

moisture conditions during year of harvest. In another stud&,

Andropogon gerardil, Panicum yirgatum, Sorghastrum nutans, and
Bouteloua gurtipendula were seeded and then fertilized two years after .

establishment with annual applications of N and alternate years with P

(Rehm et al., 1972), Fertilizatiop increased forage yields of all

specles in three out of four years, and at the end of four years A, -

geraprdii and B. ggg&iggngu;g-were'the dominant species'On all plots.

Fertilizafion increased forage prdduétion’and protein content of

leavgs on a sandj range site in .Texas for Andropogon hallii,
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Schizachyrium scoparium, Aristida purpurea, Bouteloua eurtipendula,
Sporobolus cryptandrus, and other species (Pettit and Deering 1974).
Bryan and McMurphy (1968) seeded severa1 warm season species and then
fertilized with N and P. Fertilization reduced density of Panicum
yvirgatum due to competition from weeds. UWith weed éontrol E;,z;ngggum
production increased on fertilized piots.- Andropogon gerardii,
Eném.ié ecurvula, and Bothriochloa ischaemum var. ischaemum were not
significantly affected by fertilization on the basis of stand
establishment.

Some studies have reported the effects of range fertilization on
" warm season grasses. Rauzi et al. (1968) found fertilization §f
native rangeland in Wyoming did not affect .warm season grasses, and
variation in yield was a function of time instead of treatment.: If; '
another Wyoming study, high levels of N ferti;iiatioh decreésed
-ﬁﬁgn;gg égg;yiglggg yields from 9 percent to a trace over a five year:
period (Rauzi 1978). Fertilization of true prairie near Manhattan,

Kansas decreased N free extract and increased crude fiber, lignin, and

ash of Apdropogon gerardi and Schizachyrium scoparium (Allen et al.
1976) .
Bouteloua gracilis generally responds negatively to

fertilization, but exceptions exists. Goetz (1970) found N
fertilization increased leaf length, but Wight and Black (1972) found
no effects on B_Lgmg;_;l_a from N plus P fertilization, | in a west;ern
'North-Dakota study, N plus P fertilization increasea protein conéent

of this plant (Goetz 1975). . Without N fertilization, applications of

P.decreased protein content below levels of unfertilized plants. This .




10
occurred in the early part of the growing season, but later in the

season protein contents were higher in the fertilized plénts.

Sedges

Limited data existed for respohsg of sedges (Carex spp.) to
fertilization. Carex filifolia inéreased in basal cdver t;ith N
fei'tili:zation at rates between 33 énd 100 kg N/ha (Goetz 1969).
Nitrogen fertilization also increased leaf lveingth (Goetz 1970) and

protein content (Goetz 1975).

‘Legumes

Several studies found legumes negatively affected by
fertilization. Nitrogen fertilization reduced iegume cover (DePuit et
al. 1978), growth (Blaser and Brady 1950), and y;'l.eld (Cooper 1975).
Cooper (1969) stated that N fertilization decreased légumes by .
incre;atsing the competiﬁive ability of grasses. Epstgin (1972) noted
decr’*éased nodule formation on 1egume. rooté under high levels of soil
N. Blaser and Brady (-i950) demonstrated that the addition of K to N
fertilizer increased prjoductivity of legumes. Addition of P
fertilizer is well known for its generally pqs:i;tive effects on legumes '
(Cooper 1969). Howard et al. (1977) found N plu.s P fertilization
generally favored improved growth of alfalfa., Nitrogen fertilization
reduced frequency of Astragalus shortianus and eliminateq Lathyrus -
polymorphus (Houstdn and Hyder 1975). Fertilization with N and P
reduced inféction raﬁé of myeorrhizae in Irifoldium hybridum though‘

total infected root length remained unchanged (Danielson et al. 1979).
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Eorbs

Kilcher et al. (1965) found for the first two yearé.after a
single application of N and/or P fertilizer, weed yields increased.
In North Dakota, N fertilization increased basal cover of forb specigs
(Goetz 1969). In Colstrip N, P, and K feftilization,of seeded mine
lands significantly increased forb production, with Salsola kali as
the dominant speciés (Holechek 1976). Nitrogen and P fertilization
reduced basal cover of Selaginella densg, an undesireable species
(Smoliak'1965)._ Fertilization of mixed grass plains with nitrogen
increased frequency of Lepidiun densiflorum, Chenopodium leptophvlilum,
‘but decreased ihlgx hoodii (Houston and Hyder 1975). |

Shrubs _and Half Shrubs
Nitrogen and N plus P fertilization increased yield of Atriplex

canescens (Aldon et al, 1976, Aldon 1978, Howard et al. 1977), but
emergence and initial growth remained pnaffecﬁed»(AlqonIand
Spfingfield_1973, Aldon et al. 1975)..'Fertilization with N and/or P
inéreased height and yield of Aprtemisia frigida (Goetz 1970, Wight and
Black 1972), but all rates of N in anoﬁher study‘reduced its frequenéy

(Houston and Hyder 1975).

Several studies identified factors that affect plant response £§
fertilization on both range and mine land., Goetz (1970) found that
the végetationai response to fertilization varied.by rangé sité,
season, plant species, ahd émount of fertilizer applied.  Other

factors that affected plant response included soil type, soil
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fertility level, soil and a;r'temperature, and amount and distribution
of precipitation during the growing season (Rauzi et al. 1968). For
the pqrpose of this review, fadtors that affect the response of
vegetation to fertilization are broken into biological,'nutrienﬁ
interactions, soil properties, and management techniques.
Biological

The presence'or absence of microorganisms can ﬁaveqén effect on
vegetatlonal response ﬁo fertilization. Microorganisms caused a
number of éhysio—chemical changes on mine Spoils ineluding increasing
the amount of available nutrients (Cundell 1977){ This was esﬁecially
true for N and P. Cundell (1977) and Mosse (1973) stated that
: vesicplar arbuscular mycbfrhizaé may be important in P deficient soils
.by.increasing the phosphate absorbing surface on roots of grasses and
'other'perennials. Cundell (1977) also suggested azotobacteria may be

important in the rhiéospheie of planﬁs growing on spoils low in

nutrients.

Nutrient Interactions

Several studies have shown that ah-excess or deficiency of one
nu;rient.in a soil system can change the response of vegetation té-
fertilization with other nutrients.

The influence of N fertilization on increasing'the P uptake by
plants is well estéblished (Riley and Barber 1971), Olson and Dreiei'
(1956) found thaf N fertilization sti@ulated wheat and oat uptake of.P

fertilizer over a wide range of soil conditions. Two studies on mixed

grass praifie in North Dakota demonstrated that greater yields
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~occurred when both N and P were applied together, than when each

applied as separate treatments (Lorenz and Rogler 1972, 1973). In a

study evaluating response of vegetation to fertilization on selected
native grassland sites in western Canada, combinations of N-and P
fertilizer proquced greater biomass yields on all but two sites, when

compared to N and P applied separately (Kilcher et al. 1965).

Johnston et al. (1968) also found for both a seeded and native range

site in western Canada, that N and P applied together produced greater

total vegetation yields than when each was applied separately. Black.
and Wight (1972) found that though P fertilization by itself did not

increase total protein content of the forage, when_applied in .

combination with N it increased protein content approximately 30

percent, Nitrogen and P applied in combination also increased percent

plant P content and recovery of N in total forage. In contrast, Goetz

(1975) found P applied with N did not increase protein content of

total vegetation, when-compared to N fertilized separately. Riley and

Barber (1971) stated that NHy-N was superior to NO3-N in stimulating P

uptake by soybeans. Another study on cereal grain plants found NHu-N
increased P uptake by the plants, but N03-N had little effect (Rennie

and Soper 1958).

Interactions between nutrients other than those between N and P

can affect vegetational response to fertilization. In corn, uptake of
Zn appeared to be 1nhibited by applied P to the extent where levels of

Zn critical for growth were reached (Langin 1962). Bains and Fireman

(1964) found for five.different species of crop plants, that an’

increase in exchangeable sodium (Na) in the soil generally - increased
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uptake';f Na, N, and Mo, and decreased uptake.bf Ca, K, S, Mg,\Cu, Zn,
B, and Cl. . |
Soil Properties

Sevéral properties of soils influence plant response to
fertilization. Some of these properties include soil moisture, soil
temperature, topsoil depth, and soil pH,

Bauer et al. (1978a) stated that moisture has an overriding
effect on plant growth and yield, and dh the amount of nutrient needed
to correct a deficieﬁcy, In contrast, Klages and Ryerson (1965)
hypothesized that soil'fertility may be a greater limiting factor than
moisture on.tqtal range prpduction; even in'coarse-tgxtured, droughty
soils. Greater soil moisture content increased plant resﬁonse to N
and/or P fertilization by increasing 'plaptv N uptake (Power 196;7) and
yields (Bauer et al. 1967, Smika et al. 1965, Wight and Black 1979).
Nitrogen fertilization did not affect botanical composition of a
' raﬁgeland site in Montana during the years of adequate precipitation,

however growth of weedy specles was stimulated during‘years-of low
pfecipitation-(Klages and.Ryerson.1965). Ih a rangeland study, fall
soil moisture had the greatest influence on the vegetafipn.yield of
unfertiiized and P fertilized plots, while-June precipitation
influenced the N and N plus P fertilized plots (Johnston et al. 1969).
Lauenroth and ﬁodd (1979) found N fertilization and irrigat;on'favofed
native legumes growing in the shortgrass.prairie of northeastern
Colorado, but in following growing seasons density of legumes

decreased. On plots receiving only irrigation, legume density
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remained high.

Soil moisture content may affect vegetational response to Nl
fertilization by affecting the process of nitrification. -

Nitrification involves the oxidation of NHu-N to No3-N. Many forms of

N fertilizers contain NHu-N; and in order for N to beéome available to

the plants, nitrification must take place. Any factor such as soil

moisture content that influences'nitrification, will affect the amount .

of N available to plants from ammonical fertilizers..

' Several studies found nitrification affected by the soil moisture

content., Incubation studies by Parker and Larson (1962) revealed that ‘

greatest nitrification occurred at soil moisture tensions of 0.7 bars.

As soil moisture tension decreased from 0.7 bars, nitrification
decreased. For tensions above 0.7 bérs, nitrification was. not

increased. Stanford and Epstein (1974) discovered highest -

nitrification rates occurred at moisture tensions bgtweén 0.3 to 0.1

bar in a study that investigated nine different soils of varying

texture, In another study, maximum nitrification téok place at soil .
moisture tensions between 0.5 and 0.15 bars (Milier and Johnston .

1964). These authors conecluded that deficient moisture at higher .

tensions, and poor aeration at lower tensions limited nitrification.

In North Dakota soils under incubation, nitrification rates decreased .

as soil water contents decreased between 0.2 and 15 bars (Reichman et

al. 1966).
Soil moisture eontent'may also have an effect on plant response

to P fertilization, Beaton and Read (1963) reported that 2.0 bars of

moisture tension favored ﬁptake of P in 6ats; ﬁhile ioﬁest uptake
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occurred at 0.4 bars. They also noted water soluble sources of P
fertili;er were most sensitive in affecting uptake of P in plants'when
soil moisture content changed. | l

Several studies indicated soil temperature can affect  the
response of vegetation to N fertilization by influencing
nitrification. In aerated soils, most nitrification occurs between o°
" and 35° C (Stanford et al. 1973); Nitrification ceases completely at
45° C and 0° C. In laboratory studies, Parker and Larson (1962) found .
that a 2° C incnease in temperature caused an increase in the nate of
nitrification in~the 16-20° C range. Between 25° ¢ and 30° C, changes
in rate of nitrification were not as evident with 'small changes in
temperature. Stanford et al. (1973) found nitrification increased two
fold for each 10° C increase in temperature.

Influences of soil temperature on’ vegetational response to
fertilization have been observed. In wheat and barley, temperature
was negatively correlated with yield responses frem N fertilization
(Bauer et al. 1967). In oats greatest uptake of fertilizer P in the
mono and diammonium phespnate form occurred at 5° C, when comparee to
uptake at 16° of 27° C (Beaton and Read 1963). No significant
differences in P uptake were noticed between the 16° or 27° C 1evels.

Studies have. shown 0O, content of the so0il can affeet-
nitrification. Generall&, as 0, eontent increased from 0 to 20
pereent;'nitr;fication inereased in curvilinear fashion (Amer and
: Bartholomeu 1951). At least 0.2 to 0.4 percent 0, was needed for

nitrification to occur in a soil.

Depth of topsoil placement on coal mine -spoils has been shown to
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affect plant response to fertilization. When tobsoil was placed at
thicknesses of 0, 2, 6 and 12 inches on quil material, fertilization
increésed the response of vegetation over controls, bdf the ﬁagniﬁude
of increase varied with depth (ARS and NDAES 1977); In greénhouse
experiments, total herbége, total root produdtion, and total biomass
of Agropyron intermedium inereased_as topsoil thickness above sboil
material increased from 0 to 30 cm (McGinnies and Nicholas 1980).
Ferti;ization increased total production aﬁ average of 89 pebcent.over
the non-fertilized treatments. "Nitrogen fertilization also increased
root mass an aﬁerage of 46 percent in the topsoil and 87 pereent.ig
the spoil materiﬁl.

Soil pH has been found to affect the amount of soluble P in

soils., Acid soils tended to increase the amount of HZPou' in the.
' -2

soil, while soils of pH 7.0 and above had greater amounts of HPO,
(Tisdale and Nelson 1975)." Phosphorué Qas gehérally most available.tp'

plants between pH's of 5.5 and 7.0.

. Management Techpniques

Timing 6f fertilization éan affect vegqtatiqnal response, in
Arizona, desert grassland ploté fertilized during the latter pért 6f
the rainy séason increased grass production ﬁhen compared to plots
fertilized earlier.in the season kStréehlein et al. 1968). Latter
fertilization also ineregsed protein'éontent of plants on two of the
siteé. Samuel et al. (1980) working in Wyoming'found yigld'and
:protein content of plénﬁs increased linearly with fail applied N, but

- increased non-linearly with spring applications of N at the same




18
rates. Spring applied N also produced higher yields, crude prétein
contents, and frequency of grazing by cattle, than fall fertilization
at 22 kg N/ha, No differences were found between.the fall and spring
applications at 3% kg N/ha. | ’

Source of fertilizer material may also affect the manner in which
vegetation responds to fertilization. Beaton and Read (1963) measured
shorp'term P uptake by>oats from several fertilizer sources. They
found mono-ammopium phoéﬁhate produéed,the greatest P uptake and

anhydrous dicalcium phosphate the least. In one long term experiment

in which several sources of P fertilizer were used, the source causing

the greatest_uptaké of P in plants varied with soil type and plaqt
species (Ensminger and Pearson 195T). Power et al. (1973) reported
greatest recovery of fertilizer N frdm corn tops occurred with NH4N03

when compared to other materials including calcium nitrate and urea.

Power (1979) tested NHyNO3, urea formaldehyde, and three different. .

sulfur coated ureas, and found responses by_vegetation<varied with'the

fertilizer material used,

In southeastern Montana, mulghing had an affect on vegetational

response to fertilization (Farmer et gle»1974L Qh spoils, fertiliged
mulch pl&ts had greater grass yields fhan ﬁnmulghed plots with the
same fertilizer rates. Qn spoils covered with 8“inches:of cover-soil,
fertilization had no effect.oﬂ seedling émerggnce of unmulched piots;
while seedling aensity decreased on mulched ploté{

Method of plécement of fertilizer in a soil system has an éffect

. on how plants wiil respond to treatment. Injury to germinating seeds

can be caused by'plécemént of N and K fertilizer'directly‘with the
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seed'(Tisdale and Nelsoﬂ'1975)a This injhry‘was'due to restriction of
available moisture or toxicity caused by an,incpease iﬁ céncéntration
of soluble saits by the fertilizer. Injuries can be lessened or

eliminated by other methods of fertilizer application such as

broadcasting or selection of non—ammoniéal fertilizer sources. Moore

et al. (1968) compared drill placement of fertilizer P with

'broadeasting on sub-irrigatéd meadows in Nebraska. . They found drill

placement of fertilizer reduced plant densit& and yield whén compared . -

to the broadcast method. The decreases were attributed to the drying

out of sod near the drill rows. Percent P in forage, root activity-of
legumes, and utilization of fertilizer P by plants was lowén under
drill treated sites. Incorporation of fertilizer P in;o the,soi;
increased vegetation response when compared to P applied on the
surface (Tisdale and Nelson 1975). Fertilizer P is relétively
immobile compared to other nutrients, and-incprporation allows plant

roots to come into direct contact with ferfilizer P.

The literature on nitrogen eyeling in range ahd mine land is mofe
éxtensive'than that for P and K cyeling. This éection focuses
primarily on N cyecling. It is not intehded té be a complete summary
on nitrogen cycling, but the important aspects are covered.

Addition of fertilizer N has been shown to‘incréase'plant
évailable N in soils:(Houston and Hyder 1975, Power 1972b).
Fertilizer N enters and functions in the nitrogen cycle through

various processes such as nitrification, plant uptake, and loss.
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Soil organic matter is important in supplying plant availablé
nitrogen through mineralization (Tisdale and Nelson 1975). On mine
land, adequate amounts of organic matter are often lacking to provide
sufficient nutrients for vegetational growth. Bauer et al. (1978b)
noted that a charécteristic common to ;11 spoil material was the lack
of organic matter. 1In cases in which topsoiling practices were used,
the occurrence of nutrient deficiencies may vary depending on the‘
suitability and thickness of the applied coyer-soil° The'organic
matter content of stockpiled topsoil may decrease with length of
storage (Argonne National Laboratory 1979). Parkinson (1979)
suggested that addition of waste materials rich in cellulose, liganin,
chitin, ete. could be a means of increasing'organie matter content of
spoil material,~prpvided decomposing mieroorganismé were also
introduced. Omodt et al. (1975) estimated i; would take at least 350
years for organic matter on mine land spoils to naturally accumulate
to levels found in undisturbed soils of western North Dakota. To
raise organic matter levels to 1 peréent in ﬁine spﬁils, it was
calculated 291 metric tons of manure/ha applied annually for a forty
year period would be needed. Due to the impracticality of applying
‘this much manure, it was concluded the salvaging and redistribution 6f
topsoll on spoils would be more practipal for maintaining organic
matter levels of mine soils.

Losses of N from the nitrogen cycle in ming landlare divided into
leaching; biological, gaseous, and geological. In Great Britian,‘

nitrogen was the main nutrient lost by leaching on mine land (Marrs

and Bradshaw 1980). Losses of N, P, Ca, and Mg were greater than
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imputs from natural sources. In the Northern Great Plains, leaching
of &03-N was of little concern because of insufficient precipitation
(Power 1972a).- Power and Alessi (1971) found no accumulation of NO3-N
from leaching below 90 ¢m iﬁaigrassland system. Young and Rennick
(1982) noted supplemental irrigation on mine land at Colstrip caused
leaching of N03-N to.occur., The influence-of irrigation on increasing
N03-N loss from mine land should not be ignored.,

Biological losses of plant available N can occur in mine land
under certain circumstances. Berg (1980) ﬁoted addition of organic
matter such as straw mulch could decrease plant availabie soil NO36N.
Reuszer (1957) stated that N was needed by microorganisms for the
decomposition of added organic material. If the added orgaﬁic
material coptains insufficient qqantities of N for its own
decomposition, microorganisms will utilize indigenous or fertilizer N
in the soil (Tisdale and Nelson 1975). An indication of whethér or
not organic matter contains sufficient quantities of N fér its own
decomposition is its cérbon/nitrogen ratio (C/N). As a generalization
microorganisms will utilizé N from the soil to decompose organié
matter with C/N ratios above 30. Organic matter with C/N ratios below'
30, have sufficient N to meet the needs of microbigl decomposers,
while material with C/N ratios below 20 have excessive amounts of N
that can be released intd the so0il system fhrough microbial
decomposifiop. |

Gaseous losses of N can occur through three mechanisms:

denitrification,'chemical reactions involving nitrites, and volatile

losses of ammonia‘gas (Tisdale and Nelson 1975). Conversion of NHumN
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to N03-N'occurred in exposed Palocene shales on mine lands,and the-
NO3-N subsequently lost possibly due to denitrification (ARS and NDAES
1975). Urea applied via broadcast methods on Bromus inermis was
suspected of being lost to the atmosphere, since only 47 percent of
the applied N was aecoﬁnted for in the soil and plants,(Pouer et al.
1973). Volatilization of NHy=-N placed on the surfaceé of alkaline
soils may also take place (Tisdale and Nelson 1975).

Geological losses of fertilizer material may also occur in mine
land, Ammonium added as fertilizer to spoil material in east central
Texas was converted to non-exchangeaﬁle NHu-N (Hons and Hossner 1979).
The mine soil had a non exchangeable NHu-N retention capacity that

ranged from 4.1 to 7.8 meq NHﬁ+/1OO gy, while lignite had a capacity of

46 meq NHu+/100 g
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MATERIALS AND METHODS

Experimental Dﬁ;lgn .

The study area wa; located in Mining Area A of Western.Energy.
Company's Rosebud Mine at C<l>lstrip9 Moﬁtana, and covered appréximately
2,590 m?,

Spoil piles on the study site and adjacent areas were graded and
leveled, Coversoil was placed on the leveled spoils in late September
1981, Average cover-soil depth was between 60 and 70 cm, but rangéd
from 46 to 100 em. Cover-soil was placed on the sité with two
scrapers pulled by a four wheel drive tfactor; Soil compaction.may 
have occurred during this process. In addition, water was sprayed on
the cover-soil after every fey passes of the scraper for dust control.
Aftef placement of cover-soil, the area was;chisel plowed pwice tpAa
depth of 25 ém and disced once on the contour in earl& Qctober'to
alleviate compaction. The cover-soil material, a mixture of both
topsoil and subsoil, was obtained from a storage pile constructed in
1976 (J. Cundiff, personal communication).

| Seedbed preparation commenced on Noveﬁber 3, 1981. At this time
the study'site was chisgl-plowed twice, disced ahd.harrowed. The
northern third of the study site was accidently ripped prior to
seedbéd preparation, To correct this situation, the fipped areas
received an additional chisel plowing and discing.

Three 35 by 23Am blocks were laid out in éaraliel'with the long
side of the blocks running approximately east to west. Biocks were

numbered from 1 to 3 running from south to north. Figure 1 shows the
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layout of blocks and experimental plots. A buffer zone of 2.5 m
separated each blogk° Within each block twenty-four, 5 by 5 m ploté
were placed in four rows of six and separated by a { m buffer zone.
Plots were numbered by rows within each block from south to north.
Numbering began in each block with the plot locafed in. the
southwestern corner. All plots were consecutively numberéd from 1 to
72 starting with Block 1.

Each plot was brdadcést seeded by hand on November 3, 1981 to
achieve a fall dormant seeding. Table 1 lists the plant species and
lseeding rates used on all study ploté. 'All ;peéies, except A@Lngggigg
clcer are considered natlve to the Northern Great Plainé. A sheeb!g
féot cultipacker was pulled over the site after seeding to énsure.a

firm seed bed.

Table 1. Seed mixture and rates used on fertilization study.

kg/ha #

' pure. seeds/
Scientific name _——Common_name live seed p®
Agropvron dasystachyum Critana thickspike wheatgrass 3.5 . 118
A, smithii Rosana western wheatgrass y.7 118
A. trachycaulum Revenue slender wheatgrass 3.6 118 .
Andropogon hallii Sand bluestem . 6.8 118
Bouteloua cuprtipendula Pierre sideoats grama 1.1 118
B, gracilis Lovington bluegrama 0.8 118
Calamovilfa longifolia Goshen prairie sandreed 1.1 "~ 65
Panicum virgatum Pathfinder switchgrass 2.1 118
Stipa vipridula Lodorm green needlegrass 2.4 118
Astragalus cicer Lutana cicer milkvetch 4.3 118
Petalostemon purpureum Kaneb purple prairie clover 3.8 237
Atriplex canescens Wytana fourwing saltbush : 3.6 43

total . 37.8 1407 .
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A randomized block design with three replications was used for
this study. Twenty-four combinations of fertilization rates were
tested and randomly aésigned to plots within each block. The
fertilizer treatments consisted of four rates of nitrogen (o, 14, 28,
and 56 kg/ha), three of phosphorus (0, 112, and 168 kg/ha), and two of:

potassium (0 and 28 kg/ha) in complete factorial combination. Table 2

lists the twenty-four'fertilization treatments by codes. Throughout

the rest of.this thesis, fertilization treatments will be referred to

by these codes.

Table 2. Fertilizer treatment combinations.

Treatment Treatment Treatment

NO PO Ko# - N14  P168 KO N28  P168 K28
NO P112 KO N14  P1i2 . K28 N28 PO K28
NO P168 KO N14 P168 K28 : - N56 PO KO
NO "~ P112 K28 N14 PO K28 N56 P112 KO
NO P168 K28 N28 PO KO . N56 P168 KO
NO PO ‘K28 N28 P112 KO N56  P112 K28
N14 PO KO ‘ N28 P168 KO N56  P168 k28

N14 P112 KO N28 P112 K28 o N56 PO K28

%Numbers following elemental designation refer to application rate
(N =0, 14, 28, and 56 kg/ha; P = 0, 112, and 168 kg/ha, K = 0 and
28 kg/ha).

The source of nitrogen was ammonium nitrate (34— <0). Phosphorus
was applied in the form of triple superphosphate (O .44-0), and
potassium in the form of potassium chloride (0-0-60). The
experimental plots were fertilized with their respectiye mixtures on
April 29, 1982, The fertilizer was.uniformly broadcasted over the

plots by hand. Only one person fertilized plots in a block to ensure

consistency of application within each block.
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Vegetation Sampling

A number of vegetationalyparameters wefe estimated‘on this study.
Thése~parameters included density; aerial biomass, canopyAcover,
ffequency, diversity, evenness, and richness.

Fiéure 2 illustrates the sampling scheﬁe used iﬁ eaeh plot;
Three parallel transects were placeq in each piot 1.5 m‘apart. The
transects ran parallel to ﬁhe‘éast/west-sides of the plop, and the two
6uter transects were placed 1 m from the gdges. The west end of each

transect was permanently marked.

Density

| Plant density was counped on the experimental plots on'May 2i ahq
22, and again between.July 6 and 9, 1982. Six, éo x50 cm samp;ing
frames were used in each plot during May. Transects 1 and 3 eaeh had
3 frames located 1.5 m apért (Figure 2). Density was defined as the
number of individual plants per sample frame. For species with a
bunch or tillefing growth habit, a plant was considered an individual
if there was a gap of at least 1 cm between its bése and the base of
anéther plant. Plants were counteﬁ on a spécies basis wheﬁ .
ideﬁtifiable,'or placed into planp claéses. Nomenelaturé for
scientific names of plant followed U.S.D.A. (1982).

The same sampling procedures for May were used for the July
measurements except that 3 frames were added to Transect 2. Field
observations in late June indicated six sample frames were not enough
to include the‘majority of plant_species found in each plot. Only

approximately 50 percent of the species located in each plot were
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Figure 2. Vegetation sampling design for each experimental plot.
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found within the six sample frameé. Preliﬁinary Saﬁpling was
conducted in late June to determine the number of sample framés needed
to include the majofity of plant species found on fhe sthdy plots.
The resﬁlts of the preliminary sambling are shown in Figure 3.
Cumulative number of plant species were graphed against number of
sample frames, For the sample plot, 10 sample frames were obtimal{
The 10 frames included 12 of the 16 species found on the plot. Due to
physieai limitatiops.of the study plot, only nine sample framés were

used.,

Aerial Bigmaagh
Vegetgtion was clipped for aerial biqmaés between July 20 and 25,
1982 for caol season perennial grasses, annual grasses, forbs, Salsola
kali, legumes, and shrubs,-'Warm season grésses were clipped‘oh
August 12 and 13, 1982. The vegetation wés clipped at time of maximum
aerial biomass production, ' |
" A total of four, 1/}$m2 frames were used to sample each plot. Two
framés were- located on'both Transects 1 and 2, and located -1.5 .m apart
( Figure 2). Standing vegetation ﬁas elibpéd‘to within 1 cm of'ground
level. The élippe& vegetatioﬁ was‘OQen dried at 67° C for 48 hours,

and then weighed to the nearest tenth gram.

Canopy Cover
Canopy cover was recorded for all plots between July 20 and 25,
1982.  Nine 20 x 50 em sampling frames were used for each plot. Three

sample frames were located 1.5 m apart on each transect (Figure 2).

Canopy cover was read for each plant épeeies in:asémple by methods
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Figure 3. Preliminary sampling to estimate number of frames needed.
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31 .
described by Daubenmire (1959). Daubenmire's cover classes were

modified for this study as listed in Table 3.

Table 3. Cover classes used for canopy cover sampling.

Range of percent - Midpoint of

Cover class canopy cover cover class
1 0 . 0
2 . 0>5 : 2.5
3 5~ 10 . . 7.5
4 10 - 20 - 15
5 20 - 30 . . 25
6 30 - 40 35
7 40 - 50 45
8 50 - 60 : 55
9 60 - 70 65
10 70 - 80 - .15
11 80 - 90 85
12 90 -~ 95 92.5
13 95 > 100 ' 97.5
14 100 100

Freguency

Frequency was calculated from canopy bover déta,'and defiqed as
the percentage of canopy qpver sample fraﬁes in-which a partidular:
plant species occurred. " Frequency for a plant species was based én a
total of 27 sample frames lécated_in tﬁe three plots representing a

particular fertilization treatment.

Diversity
Diversity was calculated for each fertilization treatment uéing

the. Shannon Function. Pielou (1975) 1iéteq the Shannon Function -as:
i S
H = ¥ Pil°3Pi
i=1

whéie Pi is the proportion of the‘plant community belonging to the ith
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species and S the number of species present in the sample. The
portion of the total percent canopy cover of each plant species in a

fertilization treatment represented the Pi values.

Evenness

Evenness was defined as the distribution of total plant community
génopy cover among the individual plant specieé. The évenness index .
used was described by Odpm (1971) as: e .= H'/log S, where H' is the
calculated Shannon Funtion and S the number of species found in the

. Sample.

Richness
Richness was defined as the total number of individual plant
species found in each fertilization treatment. Richness was based on

the species found in the canopy cover data for each treatmént..

Soil Sampling

Samples for baseline soils characteﬁizati;n were taken on Ocﬁober -

22 and 23, 1981. One composite sémple was taken per block énd broken
into depth intervals of 0-30 cm, 30-60 cm, and 60-120 cm., Each:
composite consisted of fifteen, 4.8 cm diameter cores taken with a
Giddings probe at randomly picked locations within each block. The
composites for each depth interval and block were thoroughly mixed,
piaced in separate sample bags, and immediately frozen., Aftef
transport, the frozen samples were immediately thaﬁed, air driéd for

72 hours, then ground,

Soil samples for each block and depth interval were analyzed for
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percenf total N, N03-N, extractable P and K, percent organic mattef,
electrical conduétivity‘(EC), sodiuﬁ absorption ratio (SAR), pH,
exchangeable Ca, Mg, and Na; cation exchanée capacity, aﬁd particle
size, Total N was determined by the semimicro Kjeldahl
digestion/distillation method described by.Black (1965)7 Nitrate was -
analyzed at the Montana State University Soil Testing Laboratory which
used procedures based on the work of Doner et al. (1973), Sims énd
Jackson'(1971),‘and West and Ramachandfan.(1966% Extyactable.P‘and'
K; cation exchange qapacity; exchangeable Ca, Mg, and Na; and SAR were
determined by methods described by Séndoval.énd Power (1977). Sims
and Haby (1970) described methods used for determining percent organic
matter. An aliquot from a saturated soil paste for each sample Qas
used for determining pH and EC. Particle size analysis was conducted
using the hydrometer method described by Black (1965). In addition
C/N ratios were calculated for each '‘soil sample using percent fotal N
and percent organic matter content. Organic C éontentlwas assumed to
be 58 percent of the organic matter content (Brady 197#)..

Post fertilization soil sampling was conducted on October 11,
1982. Two sets of soil samples were fakgn. The first set involvéd
compositing soil taken from plots containing all combinations of P and
K fertilization for a Specific level of N. This was done for all }
levels of N in each block for the depth intervéls of 0-15 cm and 15=-
30 em. This set of soi; samples was analyzed for tptal N, NO3-N, and
percent organic matter. ,K The second set of samples consisted of

compositing soil taken from plots containing all combinations of N and

K for a specific level of P. This was done for all levels of P in
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each block for the depth interval of 0-55 cm. This -set of samples was
analyzed for extractable P, Préparation and analysis of -soil samples
did not differ from procedures used for baseline soil sampling except
that so0il samples were taken with the use of an Oakfieid probe, two
cores were taken randomly from each of the appropriate plots to form
the composite, and N03-N was analyzed using methods described py
Richards (19514). Héby and Larson (1976).found the'two techniques of
NO3-N analysis used on this study were highiy cérrelated (r2=0;94L
The use of the two techniques should not affect comparision of N03-N
levels. |

Soil moisture data were obtained with a neutron probe. McHenry
(1963) described the theory and applic#tion of the neutrgn_p}obe in
measuring soil moisture. de neutron probe access tubes were
installed adjacent to the study site, One access tube was located
north of the site, and the other to -the south. The access tubes were
installed to a depth of 160 cm. Neutron probe readings were takén
once a month during the growing season at 15 c¢cm intervals'td a depth
of 90 cm, then at 30.9m intervals to a depth of 150 cﬁ. Field
generated data were converted to percent volumetric soil moisture

content by use of factory calibration equations.

egetat
Analysis of variance (ANOVA) methods Qere used to analyze thé
density, aerial biomass, and canopy cover data.

For density the plént classes of cool season perennial grasses,
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warm season grasses, annual grasses, annual forbs, biennial forbs,
perennial forbs, legumes, shrubs, and total vegetatioﬁ were analyzed.
A five factor ANOVA consisting of time, blocks, N, P, and K was used
to evaluate the data.. Two mean square errors were calculated for the
density data. The fir§t error was calculate& by pdoling the'suﬁ of
squares for all interactions involving blocks without time, and
utilized in calculation of the F statistic of all main effeéﬁs and
nutrient interactions not involving time. The second errorzterm was
calculated by pooliné the Qum of squareé fbr all interaétions
. involving both time and bloeks,.aﬁd util;zed in calculating the-E:‘-
statistic for time and all interactions involving time, |

Analysig of variance was conducted on aerial biomass data for
cool season perennial grasses, warm season grasses, annual grasses,_.
fdrbs, Salsola kali, legumes, shrubs, and total vegetation. For .’
canppy cover the plant ¢lasses. of cool season pgrennial gfaségs, warm
season grasses; annual, biennial, and. perennial forbs; ieg#mgs,
shrubs, and total vegetation wefe analyzed."A foﬁr factor ANOVA
consisting of bloqks, N,.P, and K was bonducteg on the aerial biomass
and canopy cover data. The error was calculatéd.by pooling the sum of'
squares of all interactions involving biocks. | |

| The null hypothesis tested in the study was that the mean
responses of a particplar data parameter for a plagt class are equal
for all fertilization treatments. Significance was defined as the
rejection of the null hypothesié'with a prébability greater than 95

percent'(p(O.bS). Rejection of the null hypotﬁesis with a probability

greater than 99 percent (p<0.01) was also noted.
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Solls
Post fertilizaﬁion soll data taken in Ootober 1982 were analyzed
using ANOVA, Total N, N03-N, percent. organic matter; and extractable
P were eéach an#lyzed using one f‘actor.' ANOVA. Each .block was
considered a r.eplicati'.on.i Significance and tes-ting of the ﬁull

hypothesis were conducted in the same manner described for vegetation.
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STUDY SITE DESCRIPTION

Location

The study site was located in Mining Area A of Western Energy
Company's Rosebud Mine at Colstrip, Rosebud County, ‘Montana (Figure
4)., Colstrip is approximately 48 km south of Forsyth, MT at an
elevation approximately 980 m above sea level (Meyn et al. 1976). The
legal description of the study site was the center of the NW 1/4, SW

1/4, S.33, T.2N, R.41E of the Montana Principal Meridian.

Figure 4., Study site location, Colstrip, Montana.

COLSTRIP =

Jopography

Resistance of geologic strata to erosion largely determines the
topography of the Colstrip area (Skilbred 1979). The landscape is
dominated by rolling prairies with alternating ridges, drainages, and

sandstone bluffs. Most streams drain to the north and eventually flow

into the Yellowstone River.
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The study site was located on a north facing hilltop at an
elevation of dpproximately 1036m above sea level. The study sité was
fairlf level with convex slopes of 0 to 3 percent., The slopes
gradually increased in steépness from éouth to north across the study

site.

Climate

Continental climatic conditions exist in the Colstrip area with
cold winters and warm summers (Meyn et al. 1976). July is usuall& the
warmest month, while January the coldest (Munshower and DePuit 1976).
Colstrip's climate is semiarid with an average of 40.1 cm of
prgeipitaéion anhually (N.O.A.A. 1981). The:majority of the
precipitation comes-in the form of rain during the months of April,
May, and June,

Mean long term annual and monthly préeipitation and temperature
data were obtained from N.O.A.A. (1981). Monthly précipitation and
temperature data for the 1982 growing season were obtéined directly .
from the U.S. Weather Service reporting station in Célstrip. Table 4
lists the monthly averages, and deviations from the long term averages
for temperature and precipitation at Colstrip. During the study
temperatures were below.normal during April an& May, while abov;v
normal during March, June, July, and August. Precipitation was below
normal between the months of April and August, put above normal in

March.
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Table 4, Mean monthly temperature, precipitation and deviations from
' the long term norm, Colstrip, Montana, 1981-82,

Mean ‘ ' Mean

temperature Deviation precipitation Deviation
Month o¢ oc : cm em
October 7.2 -2.0 3.8 - 1.2
November 5.6 5.9 1.3 -0.4
December - - 2.0 0.4
January =-11.1 ~5.0 2.5 Te1
February ~3.9 -0.9 0.5 ~0.9
March 2.2 2.1 5.6 3.7
April 5.0 ~2.1 3.3 -1.14
May 10.6 ~1.4 4.1 -2.2
June i7.2 0.1 4.8 ~3.6
July 23.3 1.4 2.6 -0.4.
August 24.4 3.2 2.9 -0.6
Yegetation

Rangeland in eastern Montana is generally classified'as mixed
grass prairie association (Payne 19735. The major subtype of this
association in the Colstrip area is ponderosa pine savannah. The.
dominant - species in this subtype are Agxgpngn §g1§_;1, A& sSpicatum,
and Bouteloua gxggi;;;g * Ross and Hunter (1976) classified the climax.
vegetation of the Colstrip area as a complex of Silty and Clayey range
sites, In addition the Forest-Grassland complex range site is also“
fcund in some locations surrounding Colstrip. Approximately 53
percent of the rangelapd in Rosebud County is in good to excellent
condition. _

Prior to placemeht of cover soil on the study site, Salsola kald
and other annual forbs were the dominant.species. After placement of

cover soil in late September 1981, no germination or plants were

observed on the eite‘fbr the remainder of the year.
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‘ Geology ‘

Veseth and Montagne (1980) described the geologié history of
eastern Montana including the Colstrip area. Following the retreat of
the last major Cretaceous sea, soft nonmafine sediments spread over
the plains and basins of eastern Montana. . During the earl& Tertiafy
period of the Paleocene eppch, creation of the Fort UniorlFormation
occurred. The Tongue Ri&er member of the Fdrt Union Formation
encompasses the Colstrip area. The Tonghe River member is composed of
soft interbedded ;ight yellow to yéllowish gray_lenticuiar saﬁdstones;
gray claystones énd-shale; thin dark carbonaceous shales; coal seams;
and clinker beds, Clinker beds were formgd by burging shallow coai
beds baking overlying sediments into reddish beds of various hardness.
Clinkers often form resistént caps on buttes and ridges of the

Colstrip area.

Solls

On nearly level to moderately steep hills and plains; a mixture
of Camborthids aﬁd Torriorthents are recognized (Schafer et al; i979ﬁ

A -mine soil profile typical of the séudj site was described
according to Sgi;ligxgngmx (Soil Survey .Staff 1975), with
modifications for mine soils suggested by Schafer (1979a). The soil
profile description is listed in Tabie 22 of Appendix A. The soils ofj_
the study site were classified as Typic Ustorthents, Using'unofficial
soil series names fromASchgfer (1979a); the study site was placed into

the Cow Creek Series, Evidence from the soil profile suggested that

original topsoil and subsoil from the one lift cover=-soil stoqkp;ling
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operation did not thoroughly mix. Pockets of strohgly contrasting
dark material, possibly remanent of former A horizons were found
scattered throughout lightér coiored material which may have been the
original subsoil. It is possible the nutrient stafus of fhese two
materials differ, and may cause varia;ioﬁ in vegetational growth
within plots over the study site. |

Using critgria developed by Schafer (i979b), the study site was
.élassified as Land Capability Class IV;‘ This class is suitgble for
"cultivated pasture and rangeland, but not suitable for row crops. The
major limitation .of thé study site wés dueAto laék of topsoil as
defined as material from the original A horizbn. Topsoil was not
segreéated from subsoil during the stockpiling operation, At least 15
cm of original topsoil would have been needed on top of the coversoil
‘material in order for the site to have qualified as Class IIIL |

Baseline data for soils on the study site is liéted in Tabie 5 b&
block and depth interval, Generally littlé_vﬁriation in soil
properties occurred for each depth interval by'blockﬂ One exception
was the sodium absorption ratio for the 0=30 cm intefval in.Biock i
and the 30-60 cm interval iq Block 3. The SAR values were higher ;han
those found‘for other blocks and depth ipﬁervals, but not high enough
to interfer with plant growth and development.

Volumetric soil méisture content is gfaphed in Figure 5;. In
November 1981 and the following April, soil moisture content.of the

upper so0il profile was generally low. By May and June. soil moisture




Table 5. Baseline soils data of the study site, October, 1982.

Soil parameter

Block 1

Soil depth (cm) by block

Block 2

Block 3

0-30 30-60 60-120 0-30 30-60 60-120 0-30 30-60 60-120

NO,-N (ppm)

Toéal N (%)

Organic matter (%)

C/N

Extractable P (ppm)
Extractable K (ppm)
Exchangeable Ca (meq/100g)
Exchangeable Mg (meq/100g)
Exchangeable Na (meq/100g)

Cation Exchange Capacity (meq/100g)

pH

Sodium absorption ratio
% sand

¥ clay

¢ silt

Texture class
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Figure 5. Volumetric soil moisture content, 1981-82.
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content near the surface had increased from precipitation éVents. As
the summer progressed; soil moisture content of the study sité

decreased.
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RESULTS AND DISCUSSION

* Introduction
The objective of this study was to determine first.&ear.response
of a native species mixture to 24 fertilization treatments on mine
soils at Colstrip, MT. The treatménts consisted of factbrial

combinations of N, P, and K. Vegetational responée_to the

fertilization treatments was evaluated by measuring density, aerial

biomass, canopy cover, and frequency forxthe various plant ciassés
comprising the newly éstablished plénﬁ community. In addition
diversity, evenness, and riehnesé ﬁere calculated fof éach
fertilizatioh treatment. Soil anélysgs were .conducted on thevstudy
site at the end of the first growing season to determine haw
fertilization affected the nutrient status of the soil.

-Results and Discussion are divided into sections by fertilizer

elément and related topics. The phosphorus, nitrogen, potassium, and

. nutrient -interactions sections detail how fertilization affected the

plant community and its ‘components. . In addition, these sections

include results and discussion on post fertilization soil aha;yses.
The adequacy of regression model section ‘discusses the limitations of
the regression equations,

Appendix B contains all the analysis of variance'tables referred

to in this study. Generally, experimental results are discussed in -

terms of plant classes. For the person interested in the résults of a

specific fertiiization treatment on a particular species, Tables 30 to

33 of Appendix C contain this information listed by data parameter;
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Phosphorus
This section discusses the effects of P fertilization by plant.
classes, plant community development, and residual\effects on the
soila - o
Phosphorus fertilization affected'the density, aerial biomaSSy
and canopy cover response of several plant classes (Tables 23, 24 and

25 Appendix B). Regression analyses evaluated the influence of P on

the.plant classes signficantly affected.by'fertilization.' Level of P
fertilization was definedvas the independent variable while
vegetational response as the dependent variable. fﬁoth linear.and »
quadratic models were evalnated° Significance was\defined as the
rejectionqof the null hypothesis (all slope coefficients equal to
zero) with a probability greater than 95‘percent. The lack of fit
test (LOF) described by Neter and Wasserman (19T4) tested the
appropriateness of regression models in . which slope coefficients
proved significant. Lack of fit tests the null hypothesis that the
expected value of the dependent variable is equal to the regression
model, Significance for the LOF test occurs with an acceptance of the
null hypothesis at a probability'greater than 95 percent. For
regression models that proved non significant for the'LOF test,
alternative models were tested until an appropriate model was fitted.

Regression models for which slope coefficients.and
appropriateness proved significant are:illnstrated in Figures 6 to 15.
The corresponding p values for the t test and coefficients of

determination,are also listed.. On each of the regression

illustrations;, the dot represents the mean response for all
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combinations of N and X feftilization with a speeific level of P fof
the plant class and data parameter being estihated.' The verticle line
drewn through each mean response represents the 95 percent confidence
interval that contains the mean response, and is based on the eight
-coﬁbinations of N and K fertilization associated with ; partiehlar

level of P.

.Lool Season Perennial Grasses

Table 6 summarizes the data collected for cool season perennial

grasses, Phosphorus.fertilization did not significantly affect the f

data parameters tested for this plant class (Table 23, 24, and 25;

Appendix B). Frequency also was unaffected by P fertilization (Table

33, Appendix C). Meyn et al. (1975) stated that evidence from
Colstrip and the literature indicated fertilization has unpredictable

effects on perennial grasses during the first growing season. This

unbredictability in cool season grass response may be due to variation

in factors such as pnecipitatien; 5611 temperature, and site
characteristics.

Cool season grasses mey not have responded to P fertilization due

to climatic conditions. During April and May 1982 average monthly.

temperatures were lower than the long term average for Colstrip'(Table

4). Precipitation was also below normal for the months from April to

August (Table 4)., The lower temperatures and precipitation’may haﬁe ’

reduced growth rates of cool season perennial grasses, If different

climatic conditions such as warmer temperatures and higher

precipitation existed during the first season of growth, responsee to
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fertilization may have occurred for cool season perennial grasses.

Table 6. Vegetational statistics of cool season perennial grasses by
fertilization treatment, 1982.

Density Density Aerial Canopy
Fertilizer May July biomass cover
treatment plants/m2 plants/m2 kg/ha %
NO P168 KO 100.0 100.7 327.6 30.9
NO P168 K28 105.6 85.6 319.6 26.0
N14 P168 KO 90.0 74.8 226.8 20.0
N14 P168 K28 95.0 98.5 222.4 19.4
N28 P168 KO : 95.6 94.1 222.8 18.0
N28 P168 K28 83.9 84.8 262.8 27.4
N56 P168 KO 69.4 55.9 347.6 16.4
N56 P168 K28 98.3 80.0 261.2 20.6
NO P112 KO 106.7 87.8 234.0 23.1
NO P112 K28 80.0 64.4 255.6 1652
N14 P112 KO 81.7 76.3 246.0 20.4
N14 P112 K28 95.6 79.6 258.0 2T 1
N28 P112 KO 103.9 90.4 338.8 24.8
N28 P112 K28 103.3 107.8 217.6 & lis L
N56 P112 KO 7.2 75.6 210.4 21.0
N56 P112 K28 89.4 94.8 164.0 23.7
NO PO KO 81.7 81.9 2120 1352
NO PO K28 94.4 81.9 105.6 12.2
N14 PO KO 115.6 105.9 202.8 15.4
N14 PO K28 88.9 87.0 306.4 20.0
N28 PO KO 63.3 70.4 165.2 21.6
N28 PO K28 90.6 85.6 170.8 16.4
N56 PO KO 100.6 91.5 169.6 18.6
N56 PO K28 138.3 109.3 243.6 23¢1

¥Warm Season Grasses

Table 7 sumarizes the data collected for warm season grasses.
Phosphorus fertilization significantly affected the density, aerial
biomass, and canopy cover of this plant class (Tables 23, 24, and 25;
Appendix B).

During May, density of warm season grasses was zero, but by late

June emergence occurred. A four factor ANOVA evaluated the effect P




49
fertilization had on the July density data (Table 23, Appendix B).
Phosphorus proved significant for the July density data and tended to
decrease grass density as fertilization increased (Figure 6). Little
information existed in the literature on how fertilization affects
emergence of warm season grasses. Welch et al. (1962) reported
fertilization of this plant class in Texas did not affect emergence.

Table 7. Vegetational statistics of warm season grasses by
fertilization treatment, 1982,

Density Density Aerial Canopy
Fertilizer May July biomass cover
treatment plants/m2 plants/m2 kg/ha %
NO P168 KO 0.0 11.9 2.4 1o
NO P168 K28 0.0 14.1 1e2 1.0
N14 P168 KO 0.0 52 1.6 0.7
N14 P168 K28 0.0 10.4 2.8 1.0
N28 P168 KO 0.0 133 2.8 0.6
N28 P168 K28 0.0 111 3.2 2 (-
N56 P168 KO 0.0 15 2.0 0.0
N56 P168 K28 0.0 5.6 2.4 0.5
NO P112 KO 0.0 5.9 1s2 0.7
NO P112 K28 0.0 3.7 3.2 0.6
N14 P112 KO 0.0 23.7 4.4 1.2
N14 P112 K28 0.0 8.5 16 1e2
N28 P112 KO 0.0 8.5 12 0.7
N28 P112 K28 0.0 1.1 32 0.7
N56 P112 KO 0.0 8.9 1.6 0.8
N56 P112 K28 0.0 17.4 3.2 0.8
NO PO KO 0.0 22.2 8.8 1.4
NO PO K28 0.0 19.3 7.6 13
N14 PO KO 0.0 29.3 lve 1.9
N14 PO K28 0.0 18.9 8.8 1.8
N28 PO KO 0.0 13.7 5.6 1t
N28 PO K28 0.0 18.9 6.4 1.4
N56 PO KO 0.0 10.0 4.8 1+3
N56 PO K28 0.0 17.8 3.2 1.8
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Figure 6. Mean density of warm season grasses in response to P
fertilization, July, 1982.
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It should be noted at this point that P fertilization did'ﬂoﬁ
significantly affect the first growing season density of other plant
classes analyzed in this study (Téble 23, Appendiva). Other studies
agreed with these results (Aldon 1978, DePuit et al. 1978, Hélechek
1976).

Phosphorus fertilization tgnded to.decrease the aerial biomass
(Figure 7) and canopy cover (Figure 8) of wa;m season grasses.
Seﬁeral rangeland studies reported similar results (John;ton et al.
1967, Wight and Black 1979).

Only P fertilization had an effect on tﬁe frequency of warm
season grasses (Table 33, Appendix C). To better show this effect,
frequency is listed in Table 8 by taking the mean of all cémbinations
of N and K at a.specifie level of P for each plant species. Erequency
of warm season grasses tended to decrease with.increased P
fertilization.

Identificatioh of warm season grasses by species was not possible
| until mid.August due to the lack of develbpment in inﬁividual plants.
As a result, green bristle grass (§g§§;13jx;x;gi§), a warm season
annual; was counted as a perennial. In mid Auéﬁst, gfeen briStlg
'grass composed only a small portioﬁ of the warm season grass
'population. Other spegies on the study site included sideoats grama

(Bouteloua curtipendula), blue érama (B. gracilis), and prairie‘
sandreed (Calamovilfa longifolia). ' |
Increased competition from other'plaﬂt clasgeé as the result of P

fertilization ﬁay have caused the adverse effects on warm season

grasses. Emergence of warm season grasses did not occur until late




























































































































































































































