National Library

of Canada du Canada

i

Canadian Thesés Service

Ottawa, Canada
K1A ON4

CANADIAN THESES

NOTICE

The quality of this microfiche is heavily dependent upon the
-quality of the original thesis submitted for microfilming. Every

effort has been made to ensure the highest quality of reproduc-

tion possible.

If pages are missing, contact the university which granted the
degree. :

Some pages may have indistinct pr:nt especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy. ) .

Previously copyrighted materials (journal articles, published

tests, etc.) are not filmed.

Repfoduction in full or in part of this film is gos)erned by the

Canadian Copyright Act, R.S.C. 1970, c. C-30. Please read-

the authorization forms which accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
*EXACTLY AS RECEIVED

NL 339 (r. 86/01)

Bibliothéque nationale

Services des théses canadiennes,

THESBFS CANADIENNES

AVIS

La qualité de cette microfiche dépend grandement de la qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction.

S'i manque des pages, veuillez commdniquer avec l'univer-
sité qui a conféré le grade.

ta qualité d'impression de certaines pages peut laisser &
désirer, surtout si les pages originales ont été dactylographiées
a l'aide d’'un ruban usé ou si I'université nous a fait parvenir
une photocopie de qualité inferieure.

Les documents qui font déja 'objet d’un droit d'auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmés.

La reproduction, méme partielle, de ce microfilm est soumise
a la Loi canadienne sur le droit d'auteur, SRC 1970, c. C-30.
Veuillez prendre connaissance des formules d'autorisation qui
accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

. Canadd



National Library
du Canada

Bibliothéque nationale

3-315-26849-2

of Canada -
Canadian‘Theses Division  Division des theses canadiennes
Ottawa, Canada
K1A ON4
PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER
e Please print or type — Ecrire en lettres moulées ou dactylographier
Full Name of Author — Nom complet de 'auteur .
DOAAA D MNe NHAUGH 7o RIS H R T
Date of Birth — Date de naissance Country of Birth — Lieu de naissance
NOVE 32K /8, 19874 C M O3
Permanent Address — Résidence fixe
Rex 4 Sr7€ 13, KRS
STCHRY  PAAIN, HARBERTH
T RGO '
Title of Thesis — Titre de la these o
7 . —_— — . -
KNEVESETATING A PIRELINE  RicwT7- 0F-vq ¢  on A

Mol 7N E G KA SS AAND

University — Université

VWIVERE T oF

HABERT ¥

Degree for which thesis was presented — Grade pour lequel cette these fut présentée

MAS TE K oF SC/EANCE

Year this degree conferred — Année d’obtention de ce grade

/983

Name of Supervisor — Nom du directeur de thése

DA K.O H/GG/NBCTHAN

7

Permission is hereby granted to the NATIONAL LIBRARY OF

CANADA to microfilm this thesis and to lend or sell copies of

the film.

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or other-
wise reproduced without the author’'s wriften permission.

L'auterisation est, par la présente, ‘accordée a la BIBLIOTHE-
QUE NATIONALE DU CANADA de microfilmer cette these et de
préter ou de vendre des exemplaires du film.

L'auteur se réserve les autres droits de publication; ni la these
ni de longs extraits de celle-ci ne doivent étre imprimés ou
autrement reproduits sans |'autorisation écrite de l'auteur.

-

Date

/983

Signature

1406hé1%/ /L/xa4;§of:

NL-91 (4/77)

—




THE UNIVERSITY OF ALBERTA

REVEGETATING A PIPELINE RIGHT;bF—WﬁY ON A MONTANE GRASSLAND -

[

1
>

by

“onald Wishart

. A THESIS
SUBMITTED TO THE FACULTY OF GRADUAPE‘STUDIES AND -RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF Masteér of Sciénce
Department of Forest Science

* EDMDNTON, ALBERTA.

(;nk4983



THE UNIVERSITY OF ALBERTA
" RELEASE FORM

NAME OF AUTHOR ' Donald Wishart

TITLE OF -THESIS REVEGETATING A PIPELINE RIGHT-OF-WAY ON
el A MONTANE GRASSLAND &

, DEGREE FOR WHICH THESIS WAS PRESENTED Master of Science
'EAR THIS DEGRE. GRANTED ~ 1983 |

Permission is hereby granted to THE UNIVERSITY OF
ALSBERTA LIBRARY to reproduce single copies of this
thesis and to lend or se]lusuch copies for privafef
scholariy or scjentific research purposes only.

The author reserves dther publication rights, and
neither the thesis nor exténsive extracts from it may
be printed or otherwise reproduced without the author’s
written permission. » '

" (SIGNED! AdZ%nnl%(..Cglu44(aAJf.
'PERMANENT ADDRESS:
Bex. 41, Nt 13, 8R4
A&é@hfﬁ /€224~4) /1IQ§HZL

DATED .. 7779.3 AO .. 1983



THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH <~

The undersigned certify that they have read, and

recommend to the Faculty of Graduate Studies and Research,

for acceptance, a thesis entitled REVEGETATING A PIPELINE

RIGHT-OF-WAY ON A MONTANE GRASSLAND submitted by Donald

Wishart in partial fulfilment of the requirements for the

degree of Master of. Science in Forest Science.

5

Date.../(gf.:&2%7,

.

, Su{:erj?gzp“/

Ky g J/;?/// |

.................

2




Abstract
The objectives of this research were to determine the
poteﬁtials of different topdressings, fertilizer énd seeding
methodsr in revegetating a disturbed séite in a harsh
environment . The site was Jlocated alonn a pipeline

o3

right-of-way in a montane grassland in Jasper National Park,

‘Alberta, A short growing season, low spil moisture regime,

0

nutrient defxcencieé, high soil élka]injty; poor natural

seed sources and overgrazing by native ungulates had

combined ﬁp severely restrict natural secqndary succession

after disturbance.
Field experiments tested the effectiveness of three

topdressing treatments (10 cm of acidic peat, 7.5 cm of

“alkaline. loamy sand and no topdressing!, two fertilizer

treatments (785 Kg/ha of ammonium-phésphate-sulfate versus
no ferti]izér).'and four seeding method treatments (raking,
packing, mulch%ng and  broadcasting seed). Greenhouse

experiments were used to determine the effect of soil

‘moisturef and temperature on topdressing and fertilizer

treatments. Three native shrub, three legume and‘ ten grass
species were used in the field experiments, while five grass
species were used in the greenhouse experiments. Ground

cover was measured periodically’ih thé'secohdvgrowing season

after seeding in field exper iments. In greenhouse

exper iments, plant heights and weights were recorded.
'Topdressing with loamy sand produced poorer results
than no topdressihg, while topdressing with peat was not

s )

iv
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statistically different from not topdressing. Both peat and
loamy sand topdressing materials were found to be less
sfertile than the original soils. Above-average precipitation
likely overcame anyVJbeneficial effects peat may ' haVe.
produced on soil mOietgre. Peat also caused a delay in plant
development in the Spring. _
Fertilizing significantly impreVed growth. Increases in

‘ground cover averaged 6.8 percent and persisted }hroughout
the second growing season, - although §S;& tests indicated
that the applied nutrients. were almost completely
unavailable. | |

— Method of seeding did not significantly affect ground
* cover. RaKing H;réduced' sl;ghtly greatef cover than other
me thods oﬁ fertilized plois. Mulching was the poorest
me thod.. | |

| Fertilization ~and pacKiné the‘ seed into | a
non-tdpdreséeée seedbed produced the greatest average greuhd
cover:, 39 37 percent. The combination ofithe most successful
single trquments.-.no‘topdressing; fertilizing and ra%ing,
produced on!y 37 08 percent ground cover, which indig;ted
the hazards of select1ng a conb1nat1on of treatments on the»

basis of . results of single factor analyses. Simply

broadcasting - seed ;onto' an unamended, rototilled surface

produced ground cover of 35.74 -percent.

Germlnatlon tests were conducted on each of the spec1ee
used in the field_experiments. Small-sized grass seeds and
:shrub §eed§:héd poer germinability.

<



By the end of the second gro!ing season, nine grass
species and three leguhes had become established and
produced an average of 30.3 percent ground cover. Those
species that were successful in the field experiments had
good germinability. The speciés that failed to establish had
pbor germinability and the viability of the seed may h;ve
been moref‘important in} the establishment of species than
site characteristics.

If weather conditions are suitable, seedbed tillage and
broadcast seéding alone can be sufficient to establish ;
productive, nétive ‘planz, community 1in a harsh mountain

environment .

Vi



Preface \

The field plot studies, which were a majof component of
the research, were established as part of an Environmental .
Imbact AssessﬁZnt for a proposed pipeline through Jasper
National Park, Alberta. Kitimat Pipelines vL%mited, the
pipeline ‘proponent, financed the establishment and iﬁitial
analyses. In mid-July 1977, Kitimat suspended their pipeline
proposal as well as their environmental‘studies. From that -
date to present, Parks Caﬁéda has provided project funding.

The fieid plot studies were administered and
coordinated by Dr. H. Vaartnou, Presidént, Vaarthoh and Sons
Ehterprises Limited fdr the two years considered in‘this
research report. Parks Cénadé has,adminiétered and monitored
the plots from'1979 to the present. |

The author of this report managed the field studies in
1977 and 1978 as an\\empIOyee of Vaartnou and Sons
Enterprises Limited. This responsibility included site
slection, plot layout and estébiishment. and planf
monitoring. All other studies presented in this research
}eport, including greehhouse :experiments. anq analgSes of

field plot soils, were initated and funded by the author.
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1. INTRODUCTION

Resource exploration and deyelopﬁent in Western Canada
encompasses a number of actiyities which alter or disthrp
the environment. Coincidéét with these activities has bgen a
dramatic increase 1in the level of publié awareness of the
potential environmental damage which may result. In this
respect, it has been suggested that the future of many
resource development programs will be tied to the potential
to mitigate énvirdnmental damage (Peterson and Etter 1870,
Legislative Assembly of Albérta 1881).
8 One common impact which " is. generally considered
undesirable is loss of vegetation. Areas;lacking piant cover
in otherwise - continuously vegetated regions appear
conspicious and aesthetically unappealing. The bare surfaces
are much more susceptible to wind and water erosion than
_well-vegetated surfaces (Stallings 1957). Furthermore, areas
lacking vegetation provide essentially no wildlife habitat.
' The establishment of plant cover on disturbed sites is
‘ihe - first step” in the deve lopment of a stable,
self-sustaining plahtfsoil system. Revegetation encourages
the establishment of a plant-nutrient cycle and can ehhance»
- the development o? a soil médium with more productive
physiCal. chemicaj and?bio]ogical characteristics. In tﬁis
manﬁer. revegetatipﬁ can -accelerate thefrestoration of the
disturbed 1and to its original condition. |

Under favourable énvironmenta],conditions.,the loss of

plant cover as a result of development activities can be of
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short duration and can often be mitigated simply by natural
succession. Conversely, in harsh env{Brnments. plaancoVer
can be lost for several decades after disturbances. walquist

et al. (1975i stated that natural re-establishment of

"perennial-plants on harsh sitg§~is episod%c. That is, those

conditions which would lead to establishment of vegetation
.labove average precipitation, less 'winds, abundant seed
cropst etc.) may s occur only Earély. Therefore, it s
“important to develop techniques which will create suitable
'conditions for .plant- establ1shment énd accelerate
revegetat1on in these harsh env1ronments
| One obvious method of overcoming any undesirable

. characteristics of the soil medium is to topdress the site
with ‘a more suitable material.> In many areas of the wor 1d,
experiencé and research have shown that topdressing can be
the Kkey }to éstablishing desired‘plant cover (Tresler 1974,
Curry 1975, Macyk 1977, McKell 1978). Schumacher et al.
(1977) stated that in Alberta: ' |

"There is irrefutable evidéhce.‘that short-term

growth is dramatically improved by the selection and

placement of more favourable growth media at the.
surface.

Studies at the North Dakota Agriéulture' Exper iment Station
(1975) indicated that a ‘topdhessing 'as'thin.as 5 cm can
produce benefits of enhanced plant survival and-?growth.

Furthermore._ Howard and Samuel (1979) and Fedkenheuer and

P2
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’Heacockk(19791 concluded that topdressing maierials can also
. act as a‘botential seed sourcé for revegetation.

Fertilization is a proven method“gi restoring fertility
in Hutrient-pobr gites. Fertilizers release ~nutrients as
they pass - into solution. Vogel (1973) found that
revegetation wés completely unsuccessful on coal minefspoils
unless fertilizers were added. He concluded that available -
nUirients have to be at or near the surface'to'be accéssible
to Jjuvenile plant#. Bethlahmy (1960) found similar results
with . his revegetation trials on logging roads in coastal
British Columbia. Curry (1975) concluded thét the use of
fertilize; to accelerate soil-plant succession on severely
disturbed sites may be the only préctica] me thod .fér
securing effective ground cover . |

The success of revegetation efforts can be greatly
influenced by thé method of seeding. Walquist et al. (1975)
found that the method of seedihg was‘a critically important\
factor %n seedling establishment on mined, arid grasslandé..
DePuit ~ and Coenenberg  (1978) also found significaht~
differences betweeh ~seeding- methods in grassland
Qevegetation experiments in a semiarid reg{on of Montana and
concluded that much more information is needéd to determine
rsuitable seeding methods,'particulérly”for native Species; -

.The' integrity ?f the natural environment can be

maiqtaiﬁed'through reJegetation with native plant materiéls;
Furthermore, the poten;ial for, creating weed problems

éommohlya associated with the ‘use of introduced species can
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be reduced wherever native plants are sown. However, there
is little information regarding responses of native plant
species to wvarious revegetatioqq techniques. In order to
successfully use native plant species in revegetation
programs, it is important to improve this informatiph base.
Dick and Thjrgood (1975) noted that effective
.revegetation can be best achieved by a combination of
techniques. Howéver;‘there“has been a tendency to test and
use few_teéhniques in combination.'By properly pfeparing the
seedbed (e.g‘, topdréssjng). adequétely ferti]iziﬁg " the
;ite. selecting suitable plant materials ané seeding
according to the best proven meth%ds; it is . likely that
revegetation success. can be impfovea. Therefore, tﬁere fs a
need to test the combined effect of Varjdus revegetation

techniques.

\

The purpose of this study was to provide more precise
‘information on the effectiveness of topdrgssing,'ferii]izing
and seeding methods in revegetating'a haréh- environmenf. A
fur ther bbjec;ive,:was to improve the infgrmation base
regarding the effect Sf'these techniques on varﬁous native
plant specigs. The Eesearch included a,reviéw of literature
pertaining‘ to each revegetation techﬁ%que. A detailed
description - and analysis of relevant site factors also was.
conducted..Field studies were used to;a§§ess the éffects of
different techn§ques for establighmenf of plant cover} A
greenhouse eXperimenf was éonducted to détermine'the effects

“of  soil moisture and temperature on topdréssing and



fertilizer . tredtments on plant growth. .Furthermore.
germination tests and soil analyses were conducted to
enhance the information base available to intefprgt the
results of the field and greenhouse experiments. -While the
research generally was ~concerned ‘withxmestablishment, of
vegetation, the field trials were designed to be monitored
for a nuhber of yearé beyond thése éonéidered in this text

~and implications for long term success are discussed.



1.1 Problem Statements and Hypotheses
A review of relevént l%terature indicated fhat the use
of topdressings. fertilizer, native piant_ species anq70r
va;ious seeding methods could potentially enhance
revegetation success on a harsh site. Breuninger and
Thompson (1979} stated that the succéss of revegetation
efforts should be measured in terms of percent groﬁnd cover .
\\However,‘ Peterson and Eftef (1970) and Brown and Johnston
(1978) considered the ability of the disturbed site to
produce plant biomass also.to be an jmpobtant determinant of
‘revegetatién success.
In order tb‘détermine the potential of each technique
to:achieve increased cover, it was ‘necessary to conduct

studies to answer the following problem statement:

: Y
Will t-e type of topdressing, the application of
fertilizer and/or the method of seeding affect

' percent ground cover and will the effects of these

treatments vary among the native plant species used?

Because- it was desirable to - monitor plant response
throughout " the growing season, it also was necessary to
determine the'effect that the time of year had on ground

cover. This led to the following problem statement:

) Willbpércent‘ground cover change during the gro&ing



season”’? . .
The use of topdressings and fertilizer also could
increase plant biomass. In order to test this t%eory.

~
experiments were conducted in order to determine:

Will the type of topdressing and/or 'the application

of fertilizer affect the weight or height of plants

and will the effect these treatments vaky among -

the native plant specT

From the problem statements, “the following formal

\

ﬁypotneses were developed:

1. Seésdn
Percent ground cover does not change during the growing
season. _ | )

2. Topdressing o

iThe type of topdressing does not affect percent Qround

cover, weight or height yield, and the effect does not
vary among plant species. ‘ '

3. Fertilizer o | |

TH;\ app1jcation of fertilizer does not affect percént
ground cover, weight 6r height yield and the éffect‘does
not varyvémong plant species.

4. Seeding Method
The type of seeding mefhod does not affect percent
ground cover and the effect does nof vary among plant

species.
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Interactions
There are no interactions among the type of topdressing,
addition of fertilizer and/or seeding methods, and their
effect on percent ground cover does not vary among plant
épeciesf _ | _ d \

There are no intérqctions among typé of topdressing,
addition of fertilizer and/or seeding methods, and the%r
e?feét on plant heightlor weight does not vary among

plant species. ‘ .



1.2 Definitions

A number of definitions are required to qualify terms
used in this text. Syncrude Canada Ltd.(1975)'has defined
four terms commonly used synonymously:

"reclamation..... returning a disturbed site to a

condition where the original organisms or similar
organisms can inhabit the site. ’

rehabilitation..... the land is returned tq a stable
ecological state according to a land use plan that
does not contribute = to fur ther environmental
deterioration.

restoration..... the site conditions, including
topography, will be returned to essentially ' = same
state as they were prior to the disturbance.

revegetation..... a provision of vegetative cover on
~ a disturbed site.”

In . this report,‘no sfudies were made to determine the
status of soil microorganisms or ~ other” fauna  that .
periodically inhabit the site. Consequently, one of the
ma jor factors in determining reclamation shccess was nqt
assessed. Land use. planning for tHe site was also not
considered as pabt of this research. These plans are . an
integral part of rehabilitation procedures. Furtheréore, no
attempts were “made to restore site factors: such as
topography to their original condition. Therefore, this
report'is confined to the study of revegetation of a
disturbed site.

The suCcé§s of revegetation trials was measured in

terms of pefcent grouhd cover, defined by Takyi and Russell]



(1980} as:

“the percent of  ground area covered -bym a
perpendicular projection of all above ground.
lLiving-ptant parts.” '

A number of definitioqs also are required to qualify

techniques used in revegetation:

topdressing“-- the application of materials to a site to
simulate topsoil development and‘ imdhove seedbed
characteristics. | | ‘

fertglizing -- the application of commercially manufactured.
inorganic plant nutrients to a site. )

seeding methods -- any method of applying seed to a site
including those that ailter the.seedbed to enhance seed

germination and/or protect ar “-st erosion (i.e.,

R

broadcasting, raking seed into edbed,-packing seeg
into the seedbed, or hydromuic ~ seed) .

peat -- unconsolidated 50il material consisting of largely
undecomposed or only slichtly decomposed, organic matter

(Agriculture Canada 1976).
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1.3 Site Selection and Lecq}ioh

in brder to meet the study aobjectives. it was necessary
to select a site that was diffiéult to revegetate. Selnher
i 1873! identified high eJevafions and southern -and western
expésuresA as areas where revegetation is difficultl after
disturbén&e and that are, therefore. susceptible to long
term environmental impacts. Walker et al. 11977) found that
revegetation of disturbed: .grasslands in Alberta’s Rocky
Mountains was difficult and slow due/ to a lack of seed
source and infertile soils. Martens and Nicholson (1976}
inveritoried numerous disturbed sites in Alberta and British
Columbia’s Rocky Moﬁntains and found that the overall
coarse-texture of mountain soils and associated low moisture
retention capability limited revegetation potential. Other
studies indic;fed “that inherent ihstabi]ity and slow rates
of formation of most mountain 'soils. are 1limit ¢ f;ctors
(Curry :1§75. Dick and  Thirgood 1875). Alberta Land
‘Conservation and Reclamation Council (1980) found that windy
and - cold c]imatic} factors also ‘limit revegetatioh in
mountain ana foothi]{ regions. CollectiVely; ‘these studies
indicated  that '.envjronmentai conditions  in mountain
grassliands are harsh and that revegetatién can be expected
to be difficult.

In order to sélect a site that had proven to be‘
difficult to revegetate;-a study of past development sites
in mountain grasslands was conducted. An. area in Jasper

National Park where a pipeline was;constructed in 1952 was

I
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examined. No attempt had been ﬁade to conse;vé tdpsoi]
during construction or to reclaim the right-of-way to a
state similar to that which exiéted;prior to disturbance. In
the ensuing 25 years, many sites Jalong vthe right-of-way
remained wvoid of vegetation. One denuded site was selected
on }he basis of three criteria which were considered
critica:. .o the field studies: |
1. Tﬁeré must be distinctly less plant ground cover on the
pipeline right-of-way than on adjécent, undisturbed
land, .

THé site must be generally level so that~topograa%ic

S

position could not be considered significant, and
3. The site must be access}bie by road to aliow
transportation of . large quantities of experimental
materials. | |
The site "was located off Celestine Lake Road near
- -Jasper Lake and is approximately 18 km by road from"Highwqy
”16 (Fic ~2 1}. The legal site description is NW-27-47-1-W of
6 at 11804’ west longitude and 53°05’' north latitude. As a
result -of frequent, strong winds, the site is known locally

as Windy Point.

|
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2. SITE DESCRIPTION

To date, three ecological zones have been recognized in
Jasper National Park: montane, subalpine and alpine (Wells
et al. 1978). They are separated primarily by vegetative
physiogﬁomy that, by inference, reflects macroclimatic
comp lexes 4of temperature and moisture regimes associated
with vertical zonation, slope and aspeét. The ecological
zone on which tﬁe study site was located has been defined as .
montane (Stringer 1969, Hettinger 1975, Wells et al. 1978).
The montane zone 1is the driest and lowest of the three
zones. |

Within"the montane " ecological 2bne, there are four
integrading vegetation types. The most mesic éiteé are
occupied by Picea glauca (Moench.) Voss ' and Populus
tremuloides Michx. forests. The dry-mesic sites are 6ccupied
by Psuedotsuga menziesii (Mirb.) Franco forests. Pinus
contorta Loudon var. latifolia Engelm. forests are pioneer
dominants on burned areas within the mesic_and;dry-mesib
moisture claéses. The most xeric sites in the: montane ione
are occupied by scfub-savanna and short-gra§s vegetétion
types (Stringer 1969). The study site was located on a
xeric, montane short-grass Vegetation type. , h

Areas of montane grass{ands aré ‘hot extensive in
Alberta and, consequentfy, have signifﬁcant interpretive and
educational value. The montane’grasslands are also important

ungulate habitats (Flook 18964). A1l three national parksbin_‘

'Taxonmic nomenclature follows Moss (1977)

14
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Alberta’s Rocky Mountains have areas of montane grasslands
within their boundaries, and all of.Alberta’s ma jor Rocky
Mountain transportation corridors traverse montane
grasslands. Undoubtedly, future parK and/or transportation
development will necessitate further disturbance of these
Qrasslands. However, as discussed above, the grasslands are
difficult to revegetate. Therefore, research designed to
enhance revegetation success on these areas is necessary and
warranted. Furthermore, the information derived from this
research could be applicable to areas where environmental

conditions are similar.
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2.1 Climate |
The macroclimate of the general ‘region has been
described as subhumid, continental with long, cold winters
and moderaté mi 1d summers‘(dumanski et al. 1972). However,
"as a result of topography characterized by relatively high
local relief, there is subtle climatic zonation.‘ .
There are three. meteoroiogical stations in Jasper
National Park that havekmore than five years of data..dasper
townsite, approximately 30 km south of the study site, is
the closest ;tation and'has:cohtinuou$»data frqm befbre 1941
(Table 1). The townsite station is’a1so'10caked in a monténe
ecological =zone at approximately fhe same elevation as the
s tudy sjte, The other two meteQroldgical stations, Jasper
East Gate anq,daépep.West Gafe, are both located in cooler, .
more mesic subalpine ecojogicaf‘zonesJ | |
Frost may occur in ail month§ of the year, however, the
averagelfrost-free per iod is 84 days, occufring between June
7 and August 31~ (Environment Canada 1973). The effeétive
growiﬁg season is defined as beginning with five consecutive
days with mean daily temperature aﬁqve 5.5°C and ending with
five cqnéecutive days: with mean:‘dai]y tempehature be low
5.5°C (Boughner 1963). At daspeﬁ townsite tﬁe effective
. growing season is 157 days, generally Qccu;ring between May
1 and October 19 (Boughner 1964). ‘~ //(/
While no cdmblete data are available, it 'apbears that
the montane grassiand ’zoqé on which thé study site was

located receives less precipitation than the montane zone at
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Jasper townsite. Hettinger (1975) calculated that the
average total precipitation from June through August in 1970

and 1971 was 116 mm at his meteorological station located in

a montane zone 0.5 km_ south of the study | site.

Comparatively, the ‘montane zone at Jasper townsite averaged.

ERRN

173 mm, for the same beriodéf

At Jasper townsite approximately 68 percent of winds
are from-the south and southwest and the average énnua]
velocity is 10 km/hr (Environment Canada 1973). These winds
place much o% Jasper National Park, - including the study
site, 1in the rainshadow of the Rocky Mountains. NO wind
direction"or vélocity data are ?vailable for the study site.
However, the branches of the scattered Piceé glauca trees
adjécent to the study site are considerably shorter and
sparser on the south FSides of the trees. This branch

distortion suggésts that the winds at the study site are

very strong, persistent and largely uni-directional from the

soufh. The lower elevations of the Athabasca River Valley
are subject -tol warm foehn winds  (Dumanski et al. i§72).
Theée wiﬁds cause marked snow ablation in win;ef; rapid
‘.snowmq]t’ and | runof f in spring and .high :rateé of
evapotranspiratf?n in summer (Stringer 1969).

i
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2.2 Physiography and Geology

Jasper’'s montane ‘zone lies in the RocKy Mountain Area
of the eastern systems of the  Cordilleran Region (Baird
1963). 1In the area of the study site, the Rocky Mountains
are defined by a series of broad folds cut by subparallel
westward dipping thrust faults comprised of}limestohe and
quartz of Devonian age (Kjearsgaafd énd M%cyk 1978). The
‘lower 450 m of the exposed Devonian section consigf of .
délomite,_]imestone, shale and siltstone (Baird 1963). These
rocks are cabped by more than 250 m of massive gray
limestone of the Palliser F?rmation. The vast majority of
exposed'bedrock in the regipn’is calcareous in nature {(Wells

|
et al. 1978).

The Athabdsca River valley Was one of the first areas
in Alberta.to be glaciated and one of the last to pe
deglaciated (Roéd<1975). The region was'élaciated durihg the
Wisconsin glaciatibnsl The specific ice advance in the area
wés named the WObed .Glacier (Roed 1975). Ice advanced
northeastward from the mountains along what is now the
-Athabasca River va]ley! There>a139 have been several loqal
élpinenglaciers in the valley.

Jasper LaKe.' which lies immedi;tely adjééent to the
study site, is a remnant of meltwate; Ehat flooded the
valley after' the retreat of the main ice-sheets. The early
postglacial lake 'coveréd t;e study site and ‘Jwas

approximately 100 km long and 120 m above the present level
of the lake (Baird 1963). The 1lake transported enormous
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qgantities of loosened, locally-derived rock and rubble and 4

left the study site and most of the valley walls surfaced

with these unconsolidated g]acibf]uviai materiais. Late

’ posiglacjal and recent movement of these materials on the

steep slopes above the study site, has _ resulted in the
development of a colluvial blanket which presently overlies

the glaciofluvial matefial in the area of the study site

(Stringer 1969, Hettinger 1975). These materials are 1érgely'

comphised of cobbles, pebbles and c?arse Sand.(Wells et al.

1978, Kjearsgaard and Macyk 1978). Because they " are

predominantly derived from local bedrock, these

unconsolidated materials are calcareous in nature (Baird

1963} .

Postglacial sorting by wind has been an impoktant

factor affecting the surficial geology of the area. anes,
blahkets and-Qeneers are comd&n throughout Jasper’s montane
grassiands (Wells et al. 1978). The Windy Point ~area has
been mantled with a thin veneer (about 20 cm thick) of
aeolian material (loess), which is believed to be derived
from the * limestone of fhe, Palliser Formation bedrock
{Kjearsgaard and Macyk 1978). The loess is silty to fine
sand in texture and is ;ighly calqaréoqs (Dumansk i et.al.
1972) . -

In the AthabaScé River valley, these montane grasslands
| generally occur.at elevations between 1000 ;nd 1600 - m.
Howéver. on‘ stéep ’slopés théy can extend to 1800 m

(Héttinger 1875). - These . grasslands generally  occupy

-

¢
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séuth-facing slopes. The study site was located at 1035 m
elevation with a very gentle (2-5%) slope forming a

west-southwest aspect (Figure 2).

2.3 Soils

\Thé‘ soils of A}berta’s Cordi]leran Region are
characterized by weak development ?kKjearsgaard and Macyk
1978). Stringer (1969), Dumanski et al. (1972}, Héttinger
(1975] and Wells et al. (1978) classified the soils. in the
vicinity of the study site és Orthic and Cumulic Regosols as
defined by the Canada 5011’Survey Committee, Subcommittee on
Soil Classification (1978). Ofthic Regosols occur where
loess depoSitiop is relatively continubus. Cumulic Regosols
are characteristic of sites where deposition is. periodic,
creating a layered pattern of‘ buried Ah horizons
'(Kjearsgaard and Macyk 1978f. | :

Stringer (1969) found the soils at the_éfudy site to bé
sandy loam textured with about 8 percent gravel-sized
material to a 90 cm depthu The surficial 10 cm was general]y
gravel-free; the proporfion of gr;vel increaséd with depth.
The depth of topsoil = (Ah horizon) averaged '3 _t9-5 cm
(Stringer 1969, Hettinger 1975). )

Wells et al. (1978) described:theﬁsoils’ﬁn the area of
the Study site as.having' low organic contents and being
rapidly drained. Moisture deficiencies rela;ed to climate
are compounded by the rapid drainage;f Stringer .(1969)

estimated that in normal summers, the montane graséland at



: , : _ , ‘ FIGURE 2
I : : . ‘I)‘opographic Position of
g Study Site

A ‘
Lreek  Scgle 1:25 000 (approx.)
* Elevations are in feet
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Windy Point has a soil moisture deficit from late June or
early July until- late October, totalling approximately 110
mm. Hettinger (1975)'found similar results and estimated
that éoi] water potential is below -15 bars (nominal
permanent wilting péint)“ for at least one-third of the
potential growing season. Since the soils are only slightly
saline, the effect of §oi1 salts on moisture . availability
was not significant. \

These coarse-textured, organically-poor soils éenera]ly
lack the cohesion necessary to prevent soil movement
(Stallings 1957). Dumanski et al. (1872) rated nearby soils
with characteristics simiLaﬁ to those at the stUdy site as
having high, soil erosioé potential. This high erosion
potential rating was relative to other soils in a region -

where they considered essentially all soils to be highly

" erodible. .

Stringer (1969) found 3 ppm of available nitrogen and 1
ppm - of available phosphorus in surficial soils co]]ecééa at
the stﬁdy site. Potassium contentrations were 68 ppm  and
were not considered’to be.a ]ihiting factor to plant growth.
Hettinger (1975) found 2 ppm of available nitrogen and no
available phosphorous in soi’l sémpPés téken from a montane
grassland site_approximately 1 km south of the' study ‘site.
He also found potassium levels to be in excesé of 60 ppm.

Both Stringer (1 and. Hettinger (1975) found soils -
in the studylarea to be moderately to strongly alkaline (pHJ

8.0 to 8.8) and to have high levels. of free 1lime. The

-
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alkaline soil conditions at the study site éan induce
deficiencies of several macro- and micro-nutrients. At high
pH leve]s,‘nutrients such as phosphorus, iron, manganese.
copper, zinc, cobalt and boron form chemcial compounds with
low solubilities (Brady 1974) (Figure 3). in these forms,
the nutrie;ts are unavai]éble for plant uptake and, thus,
deficiencies are induced. While the'effectoof free lime 1in
the soil is predominantly the creation of alkaline
conditiohs, the presence of ‘high concentrations of free lime
has been found to hinder uptake and metabolism of even
relatively soluble forms of phosphorous and potassium
{Tisdale and Nelson 1975). Furthermore. zinc can‘be adsorbed
by the lime and become unavailable for plant use (Tisdale

and Nelson 19751,

IS

2.4 Vegetation i Q' o

As the .que impTies, the:montane gfass]angmhas a very'_
open physiognomy. Ground cover is variable and bare :ground
is not uncommon (Stringer 1869). Stringer (1969) estimated
that mean p]antmcover in the areas adjacegf to the ..study
site was approximate1y¢ 80 . percent with stunted trees and
éhrubs contributing 5 to 10 percenf of the cover.

Just undér 70 égéties ‘have been identified on
grasslands in the vicinify‘of the stﬁdy éite (Stringer 1969,.
Heftinger 1975, Wells ét al. 1978). The dominant species
identified by Stringer (1969) were Koeleria cristataz,

2 Taxonomic authorities éppear in Appendix A.

/



FIGURE 3:

Relationship Between pH and

Nutrient Availabllity
(From Brady 1974)

pH

The wide portion of the bands indicates the zone
of most ready availability of nutrients. The
darker portion of the bands indicates the pH of

the study site.
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Calamagrostis  montanensis, Antennaria nitida’/roseas’,
Artemisia Fﬁigida and Astragalus étriatus. Hettinger (1875
found -Arctostaphqus uva-ursi, duniﬁerus communis, Rosa
acicularis, Calamagrostis purpurascens, Galium boreale and
Artemisia frigida the most common' species. Wells et al.
11978 Iisted.Koelenia cristata, Antennaria‘ nitida, Linum
lewisii, Carex eleocharis and Artemisia frigida among the
most comhon species in the area. Many species were common to
ta]] three surveys. A complete list of épecies identified in
the surveys is provided in Appendix A.

The results of the vegetation surveys suggest there is
considerable diversity ‘in the graésland and that the
ébundance of a given species,véries significantly with minor
-variations in site: Herver, the generél physi9gﬁomy and
species preéént are relatively constanf. Most of }he species
identified are drought tolerant bunch-grasses, which are
increasers under heavy grazing (Stringer 1869) . Reseérch
‘conducted on these montane grasslands indicated that biomass
production 1is 1low (Stringer 1969).'Furtherm9rg, Walker et
al. (1977) found that native, Rocky 'Mounta%n grasses
produced Ilow quantities of seed and that the viaSi]ity’of
the seed was also inherently low. .

-The montane grasslands are believed to héve déve]oped
targely in response to prevailing dry environments (Krajina
1965, Hettinger 1975). Grassland life forms can'possess'the

ability to aestivate as soils dry beyond the permanent

3 Stringer was unable to distinguish between the two species
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wiltingh~péint. Tree seedlings generally are unable to ,
aestivate and consequently, forests are excluded from sites
where soil water deficiencies are prolonged (Daubenmire
1943) .

Two other' factors have been suggested as being
important to the development and maintenance of the montane
grassland. Hé}tinger (1975)  found a positive correlation
between presencé) of free lime and herb and low shrub cover
(edaphic'climax). The strongly caﬂcarequs~natqre of the soil
may prove toxic to'coniferous seedlings, thereby restricting
plant succession to grassland .Species, which‘ ére more
tolerant of  such conditions (DuhansKi et al. 1872,
Kjearsgaard and Macyk 1978). However, Stringer (1869)
believed that forest encroéchment is restricted on'the
grassland as a result of the combined effects of trampling,
browsing and grazing by native ungulates (secondé%& zoétic
climax). | . |

i A1l these hypotheses suggest that the montane grasslénd
represénts a climax stage of succession. However, most
grassland - forest. interfaces in Alberta are believed to
ocdupy a seral stage of succession that 'is naturally
maintained by fire (Moss 1952). Fire has been suppressed
since the inception of Jasper National Park in the early
'1900’5, yet there is no evidence of significant encroachment
by later sUccessjonal species. Therefore, it appears that

‘the montane grassland-is a climax stage of succession.
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It is difficult to define Ehe degree of relationship of
- Jasper’'s montane grassland to other plant communities due to
a lack of quaﬁtitative data for most cbmmunity descriptions.
However, many of the species inciuded in all thrée surveys
mentioned are widely distributed on xemic and disthrbed

grasslands throughout northwestern North America. For
_ example, Juniperus horizontalis, Résa aciculanis,‘PotentiIIa
frut icosa, Agropyron tréchycauium,‘Elymus innovatus, Bnomus
pumpsjlianus, Poa pratensis and Koelenia cristata all have
~natural distributions covering much of the western part of
continent (Sépggan 1979). Koeleria cristata, Agropyron
trachycaulum, Stipa spp. and Broﬁus spp. are common in ‘most
low elevation grasslands in the Rocky Mountains and in the
interior of southern British Columbia (Stringer 1969). The
montane gbasslands of ‘dasper National Park also have
botanical affinities to the Juniperus communis -
APctostéphylos uva-ursi communities of theb southwestern
Yukon (Douglas 1974). They are also similar to the heavily
grazed fFestuca - Symphoricarpos association of eastern
British Columbia (McLean and Holland 1958), the xeric
grasslands of the Peace River area (Moss 1952) and to the
“stabilized dune associations of Saskatchewan (Hulett et al.
1966). The sagebrush ecological zonés of northern ldaho
(Daubenmire 1956, Wyoming (Despaiﬁ f973)' and west-centsal
Colorado (Langenheim 1962) have similar site factors and
many of the same plant genera and species as those found .in

&7
Jasper’s montane grassland. The montane grasslands also have
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affinities to Coupland’'s (1961) Fescue Prairie and Palouse

Prairie Associations of the ‘North American Great Plains.

2.5 Grazing History

Five grazing animals are known to wutilize Jasper’'s
montané grasslands (Flook 1964). These are bighorn sheep
(Ovis canadensis Shaw), elk (Cervis ggnédensis Bailey), mule
deer (Odocoileus hemionus ;Rafines‘c;ﬁg), moose (Alces alces
Petefson) ahd horse/(EqUius "caballos L.). Populations :of
sheep and elk are l;rge, ahd elk have been harvested in most
years since 1840 in order to reduce their pdpulations
(Stringer 1869). Deer and moose populations are much
smaller. Horses are Kept for pérk use only and their number§
and distributionlare’Carefully.controlled.

, Sheép and elk utilize the montane grasslands alﬁ " year
“(Flook i9%4). Shéép, mainly\graze on grasées in the winter
" and forbs i%zihe summer . E]R graze on grasses year round but
will Qse forbs and  woody shrubs ”to a minor extent. The
grasslands are-¢r§tical winter;ranges for both sheep and elk
since sha]loQ snow cover allows access to ground vegetation.
~ The montane grésslands are nof' as importént to deer and
moose, since both are primarily browsing ~anirﬁals and
general]y-occur on the grasslands oniy'at the - edge of the
forest. However, both speciés havé been known to forage on
the grasslands when browse in the forest 'is depleted
(Stringer 1969). Placing restrictions on graziﬁg patterns or

distributfons of native animals‘in the park 1is considered



undesirable (Parks Canada 1970).

A



3. LITERATURE ﬁEVIEN
In order to establish plént'bover at the study site,
some or all of the conditions that *ay lTimit natural
revegetation had to be ameliorated. The use of‘topd?essings,'
fertilizer, varidus :‘seeding metho&g and native plant
méteriéls appeared to Have ;potential to accomplish this
objectiVe.i A review of reTevant literatUre regarding'each

technique follows.

3.1 Topdressings ) _ f _
Peterson andv Etter (1970} 'poinged‘ out that in
mountainous regions there s often insufficient surface
material available for use as -a topdressing. As well, .
partial stfipping of undisturbed soils within the park is
not 'consideréd conducive to intensiQe recreationél
environments. Therefdre.- indigenous' soils were - not
considered‘ to be a pra?ticél_ soﬁrce\ of tquressing
materials. It was neceséary ‘to examine,thé g@fentjal of
méterials.Fhom outside the park boundaries. Two radically
different potential topdressing media, peat and loamy sand,
'aEe common in the area east of the park (Dumangki et. al.

1872) .

3.1.1 Péat Topdressings
Peat is a commonly used topdressing material. Almost

fifty”years ago Feustel and Byers (1936) wrofe:

"The use of'peat_as a source of organic matter for

.31
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improving the physical conditio% of-mineral soils is

becoming increasingly important”.

The origin and physical chara;teristics of peat' are
important in determining its 'potential as a topdressing
material (Logan .1978). However, with few exceptions,

. revegetation literature  that includes fhe sub ject of peat

topdressing has failed to accurately describe the medium.
This makes comparisons and conclusions difficult.
Nevertheless, the addition of peat to the soils at the study
- site had po{ential to ameliorate some of the factors
limiting revegetation.

\The an%tion of peat to coarse-téxtured mineral soils
hag .been shownr to 'incégase moisture holding capacity
(Feusfel and Byers 1936, Stevenson 1974). Both the amount of
moiéture held at field_capacity (-0.1 bars moisture fension)
and the amount of moisture held at nominal permanent wiltingv
point (-15 bars) have been found to ‘iﬁcrease with thé
addition of peat (Feustel and.Byérs 1936). Stevenson (1974)
defermined that the increase in water retentioh results. from
- an increa§e in the amount 5f small diameter pore sizes,
which are éharacferistic of'humifﬁedupeét. The small-pores
are less easily dfaiﬂed. However , most,importantly, the
difference"between the amount of water held at field
cabacity and the amount of water held at permanent wilting
pointl(avajlable water) also increases. Fedkenheuer (1979)
found that the addition of 15 cm of peat to a.

coarse-textured tailing sand increased available water from

2.2 percent to a range of 6.5 to 13.3 percent.
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The total nutriéﬁt content of peat is a function of the
conteﬁt of these materials in the peat forming plants.
Generally, peat containé only small QUaht{ties of nutrients
(Allison 1973, Logan 1978). Massey (1972) demonstrated the
lack of nutrients in growth champer experiments in which
peat and tailing sand mixtures required- a high ‘rate of
complete fertilizer in order to produce adequate growth.

However, the addition of peat to coarseftextured soils
can improve fertility indirectly. As organic matter
decomposes, the colloidaii content of the soil and,
consequently, its cation exchange éapacity (CEC) increase
(Brady 197 "', This improves the ability of' the soil té
retain '~ able plant nutrients that might otherwise be
leached out of the rooting zQQe. Zimmerman and Moore (1974)
found that additions of organic matter to mine wastes
increased reténtion'of inorganic fertilizer. Furthermore,
Fox and Kamprath (13971) found eéﬁdence that the addition of
‘organic material to mineral soils may indirectly increase
availability 'of'soil phosphorus. They hypothesize that this
phenomenon may be due to the decomposiifon of organic matter
- generating high concentrations of carbon dioxide in the
soil. In water, this gas forms carbonic acid, which is
"capab]e of decomposing certain primary soil m{nerals.

“ Russell (1973) suggested that the most practical means
.of rehabilitating alkaline soils rich in free lime is the
application of large amounts of organic matter. Peats are
frequeﬁtly acidic as a fesult of ]ow base saturation of the

3
v
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relatively high CEC (Logan 1978). The addition of acidic
peat to a coarse-textured soil, with low CEC, can result in
a E;QUction of soil pH (Brady 1974). This could alleviate
nutrient aVai]ability‘problems that occur in alkaline sbils{
Furthefmore} the high‘ CEC of peat increases the buffering
capacity of the soil to-resisi increases in pH that can
result from calcareous loess deposﬁtion (Lucus and Rieke
1968). |
\ Whjle' topdressing coarse, rapidly-drained,
nutr?ent—poor. alkaline soils with peat shou1d-theoretica]ly
improve revegetation success, several g;beriments have shown
- contrasting results. Hernandez (1973) found that the
establishment éf\ plant cover was significantly more
successfu1 on peai soils than gravely soils on sites in the
nor thern boreél forest. Furthermore, Thirgood (1976) found.
that the application of peat to mine tailings in British
Columb{é. significantly improved plant cover. Logan (1978)
found plant biomass yields on Athabasca 0il Sand taili‘ngs
mixed with several types of peat tp‘be as great as 300
percent of that produced on tailing sands without peat
topdressings.. Massey (1972) - also fou~d that satisfactory
plant growth was achieved on Athabasca .il1 Sand tailing '
mixed with 10 to 15 cm o% peat, while sééd]iﬁgs on untreated
tailing'sands féi]ed. Athabasca 0il Sand tailings aré-“very
similar to the soils at the study site in that they exhibit
low. fertility, poor moisture retention properties and high
erodibility (Masséy' 1972, ‘Lesko 1974). while the soluble

LN
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bases in the Athabasca 0il Sand tailings'are predominantly
sodium compounds in comparison to calcium carbonates on the
montane grasslands, the alkalinity of the tailings
imhédiately after processing is similar to that of‘theysoils
at the study site (i.e., pH 8.5) (Rowell 1977, Takji et al.
18771 . Consequenfly. micrqputrient deficiencies wouid likely
also be similar at both s{tes.

In contrast, Gosz et?él. (1978) found that the addition
of peat to alkaline, arid mine spoils in southwestern United
States caused no significant effects on p]ant growth. Takyi
et al. (1977) a]go found no significant differences in plant
growth using various mixtures of Athabasca 0il Sand tailing
ahd péats in their greenhouse experiments..Furthermore,
_Simard ({1968) determined | that only e&tremely large
quantities of peat topdressing (47 to 66 cm in depth)
improved plant growth signiffcantly. No definitive
explanatibn' for these contradictory reéhlts‘can be drawn
frecm  the research: reports. However, weatlner, plant
materiaTs, '6rigina1 soils depth of applicatiqn and/or
composition of the peat differed somewhat among the the
experiments band were likelyhfhe reac-n for the differencési
These contradictory results indicate at the usefulness of
peat as a topdressing is very site specific.

Peat ig not a material indigenous to tﬁe ‘montane
- grassland and its use as a topdressing material can create

an artifica] and unnatural environment. The physical,

chemical ag;? biological pbopertieS' of peat are radically
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different from those of adjacent soils. The biotic éystems
that become established in a soil topdressed with peat may
 be characteristic of more mesic and more fertile
‘environments fhan those that occupy the organically-poor
soils of the surrounding landscape. Since a management
objective of Jasper National Park is to protect and restore
natural habitats (Parks Canada 1970}, the use of peat.
topdressing may not be desirable. Furthermore, any sqeds or
microorganisms contained in an unprocessed peat topdressing
would be predominantly those adapted to acidic, hydric
environments. They would be unlikely to survive at the study
site and, consequently, could not contribute to the
colonization and amelioration of the site. Therefore, it was °
important to study the potential of topdressing wfth
materials that mdﬁe closely resemble the original surficial

material.

3.1.2 Loamy Sand Topdressings

The most extensive soil in the area east of the park is
loamy sahd (DumanskKi .et al. -1972). The ’loaﬁy sand has
properties vefy simiiar to those of the .undisturbed soils
adjacent to the study site and, thereforé, may represent a
practica]valtefnative to indigénous topsoil. |

The application of a loamy sand topdré<s to the
study site might enhance revegetation potential\by/ creating

a gravel-free svrface horizon, such as the one that existed

prior to disturbance. Loamy: sand also bhas al lower bulk
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density and provides a more permeable rooting medium than
sandy loam and gravel, which were prevalent at the study
site. Further, light-colored loamy sand reflects most solar
radiation apd does not reach temperathes as high as darker
peat materials, thus minimizihg evaporative losses from the
. soil. | - |

The vegetation types common to the areas with Jloamy
sand soils are obviously successful in occupying soils with
limitations similar to those at the study site.v'Therefore,
any seeds: or microbiota contained in the topdressing would
be predominantly from species adapted to the xeric
enyironment of- the study site. |

Sand textured materials have been successfully used as
_ topdressings on mine tai]ings in the arid, southwestern
United States (Aldon and Springfie]d 1975) . Yamamoto (1975)
conc]udedajthat in the arid mining regions of Wyoming,
readily available sandy so{ls_are reasonable alternatives to
natural soils. Gould et'al._(1975)'foupd that topdressing
with sandy textured material provided a suitable seedbed on
arid mine spoils in NewlMexico, if erosion control measures
were jmp]emented concurrent with seeding. Walguist et al.
(1875) found that topdressjng"With sand increased seedling
emergence over that on raw .mine spoils.' \DePUit "and
Coenenbérg (1978) * had good lsuccess with sandy‘ Toam
topdressings on stripmine t;ilinés in the éemiarid plains of

southedstern Montana.

2
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However . loamy sand tends to reta'nn 3 granular
structure and. tnerefore, is easily eroded by wind (Chepil
Q511 4Aldon and Springfield 11975 found that burying and
abrading of small seedlings by blowing sand can contribute
to high seedling mortality. Furthermore, topdresst@gljs an
expensive operation which must be jugtified in te%ﬁ; of
increased revegetation success. Therefore. it 1is also

important to examine the potential for revegetation on

non- topdressed soils.
od

3.1.3 No Topdressing .

Topdressings are added to an area in an effort to
Simulaté topsoil development. However , Weston 19723} found
that the soil-building process in nutrient-sterile tailings
in western Canada caﬁ take place rapidly, under proper
management. so that iai]ings can be producfive'within three
year;fof the start of reclamation. Caspall (1375) determined
thatl»if erosion is controlled under a good cover of grasscs
and 1e§umes{.normalﬂpedolog1cal development wi]lv produce é
soil with. sufficient organic matter and other desirable

- properties to giQe 1t;c“aracterisfics-of an A horizon in 20
 tc 20 yéars. )

Several alithors have reported revegetation success on
non- topdressed materials. Macyk-}197§) had good reveget;tidn
results in Grande Cache, Alberta. on an a]Kaline,.Aorganjc

~and nutrient-poor - material cqnsﬁsting of a mixture of A, B
,Qééénd C,sdf{iq?rizo§§4;51x years of research in w15consih

2 } LR ]
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suggested that subsoils consisting of silty géﬁé. gravel,
and boulders can be ‘satisfactorily revegetated without
topdressing ' Brummitt ?976). Furthermore, Caspall 18751 and
Wright and Blazer (1981 found that yields on non-topdressed
spoils ‘that were properly tilled and fertilized were
superior to those on topdressed areas. ™ )
Smith and Bradshaw ' 1372 bointed out that topdressing
is often impractica] because of cost and availability.
Further. Weston 11973) reported that topdressing may
actually decrease revegetation success in the long term.
Tépdreééiﬁg can create a shallow blanket where plant roots
and microbiotic activity"concenfrate. In such cases. the
land is able to support less plant cover. the vegetation is

‘susceptible to even short-term droughts. and erosion control

LY,
LS\
e

is limited.

3.2 Fertilizing

A number of studies have indicated that increases in
plant vyeilds on.disturbed‘sites can be expected with proper
“fertilization (Etter 971, Macyk 1974, Aldon and Springfield
1977, .Logan 1878). On stripmine spoils at G- =+~ “zche,"
Alberta, fertilized plots produced 10 to 20>fig£s - dry
matter than unferti]izéd blots (Macyk 1874). £t - 1371)
found similar results on stripmine spoilsA at Luscar,
AMberta, as did Takyi and Russéll (1980) at Cadomin,
Alberta, éﬁd.ngfn (1978)‘on Athabasca  Ofl Sand tailiégs.

Increased plant ‘biomass can accelerate soil development and

o
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result 1in greater water holding capacity, better structure
and reduced soil erosion (Brady 1974).

The application of fertilizer a]so-has been found to
encourage rapid establishment of plant cover. Younkin and
.Martens 11876! found increases in plant cover ranging from 4
to 66 percent after fertilization with a 1:2:1 mix of N, P
and K applied at 440 kg/ha in the Northwest Territories.
Bethliahmy (1960) found similar resu}ts in coastal. British
Columbia. and Klock gt &1. (1975) found that fertjlizatioh
substantially increased emergence, establishment and - ground
cover of seeded mountain slopes in n?rthern Washington.

However , ?értf]ization has been less effective when
other site factorsv are limiting plant growth. Aldon and
Springfield £1977) found no detectable d?fferenceé in
emergence or survival of Agropyron smithii Rydb. or Atriplex
canescens (Purch! Nutt. in experiments onA xeric Arfzona
grassiands, after fertilization with 10-5-5 at 0, 900 and
1800 kg/ha. They did, howeveff find increases in height andyp
over-dried weight of fertﬁTized plants. These results are
similar to their earlier studies, where neither emefge':é
nor early gro@th of Secale montanum L{ or A. canescens Nutt.
were affectéd,by the'same fertiiize; applications (A]doﬁ and
Springfield 1975). Gates (1362) found that the application
of fertilizer did little to increase grass emergehceaand had

no effect on seedling survival on a high-a]titudehldaho

range. ‘ : : _ ¥

P
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As discussed above, Stringer (1869) and Hettinger
(1875) found the soils in the vicinity of the study site to
be alkaline and deficient in nitrogen and phosphorus.
Cundell (1977) found that application of peat topdressing or
organic mulch can resﬁlt in further depletions of avaflable
nitrogen as  microorganisms %mmobi]ize nitrogen while
decomposing the organic matter. Yamamoto (1975} found that
nitrogen, phosphorus and sulfur were necessary suppiements
in order to maintain vegetation on areas that’' had been
topdressed with a sandy material. |

Reseqrch on similar soils indicéted that the
application of ammdnium nitrogen, completely water soluble
. phosphorus and sulfate sulfur could alleviate fertility
broblems. As the nitrogen, phosphbrus and sulfur pass into
solution, they become available to plants and deficienéies
can be 'OVercome. Tisdale and Néﬁson (1975) found that in
arid enviroh@eqt§§jﬁ-is important that the pHOSphorus be
compjetely wéter soluble in order to take ad antage of the
limited soil water. Furthermore, Hausenbuiller (1972) and
Russe]l' {1973) ‘found that in alkaline soils, completely
watef sbﬂublé'phcsthan,enh;nced plant growth over less
‘sdjuble forms. : ,ﬁkét

By reducing soil pH, itvis possible to counteréctv the
adverse effects.of alkalinity (Tisdale and Nelson 1875). An
intensification of soil aciaity can be achieved by adding an
_aMmonium-sulfaté .fertilizef. Aslanmoniym nitrogeh converts

to nitrate nitrogen, acids are released into the soil medium

I
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(Russell 1973):

-

ONH* + 30 ---> 2NO- <+ 2H
2

0+ 4H . -
4 2 '

2

The sulfate in the fertilizer can also be converted to
sulfuric acid by autotropﬁicd bacteria (Brady 1974). The
acidifying potential of these reactions is reduced when the
effect of plant uptake of nitrate nitrogen is’considered. As
" plants absorb nitrate énions, théy exchange other anions
(e.g., OH-), which can form soil béses (Bidwell 1974).
Nevertheless, for every anion exchanged as the nitratebanion
is absorb, two hydrogen cations are released through the
pFocess of nitr{fication. Consequently, even when the '
comp lete plant-soil_cyc% is considered, the aﬁ&lication of
ammonium-su]fate fertilizer will result in acidification of
soils. Research on agricultural soils in Alberta has shown
¢ 2t use of ammonium-suifate feftilizers can result in an
acidification of soils (Alberta Soils Advisory Committee .
C76) .
| The rate af which fertilizer.hgs been applied varies
greaily.' However, research by Brown and dohnsfon (1?78) on
high aitjtude rahgelands determined that applications . of
‘nﬁfrogeh tanging from 55 to 1&1 kg/ha and phosphorus ranging
from- 122 to 256‘ Kg/ﬁa were necessary to‘ sdccessfully
revegetate the site. 'Bayne (1975) successfully used 100

kg/ha of nitrogen and 150 kg/ha of phosphorus to grow

|
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grass- legume mixes on mine tailings. Aldon and Springfield

a

- (1977) applied 180 kg/ha of nitrogen and 180 kg/ha -of

phosphorus to successfully reVegetate an arid grassland.

The timing of fertilizer applications can be critical.
Tresler (1974) and Fisser and Ries (1975) found that
fertilizing at the time of seeding was necessary to
encourage the establishment and growth of sensitive juvenile
plants. Bauer et al. (1978) found that one heavy appliéation
of fertilizer {540 kg/ha of nitrogen) at the time of seeding
produced yie}ls equal to those obtained.Fgém applying the
same amount of fertilizer over periods of three and six

years on semiarid mine tailings. Furthermore, research by

Zasada (1975), Mains (1977) and Ziemkiewicz (1979) indicated

that continued fertilization can inhibit the development of

self-sustaining nutrient cycles and _homeqstas{s at the
expense of those species beét adapated to . the natural
environment‘of the area;'

.The use of fertilizers to establish vegetatiqn on
disturbed environments also _-has . négatfvé" vattrfbutes.
Fert{]izefs are becoming -increasingly expensive. Some
nutrients may be leached ihtO\aquatic systems and may cause
eutrophicatibn of adjacent ' waterbodies and alteratiqps to
species composition within these bodies (Hausenbuiller
1872). Fertilization can also create unique biogeochemical
soil environments, radically dffferent from those 'in natural
environments (Curry 1875). Furthermore, studies have shown :

that the addition of fertilizer .may become a chronic
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requirement in order to maintain plant cover (Murray 1873,
Ziemkiewicz 1979). If the rate of decomposition of plant
matter is slow, the fertilizer absorbed by the plants
becomes unaVailable. Rowell (1979) found that plants can
metabolize up to 160 kg. of nitr;gen per hectare in one
growing season. This expiain§ why in° many " studies,
fertilization has been positively correlated 'with good
inital growth of plants but persistence of the effect ?s
poor {Hull 1974, Younkin and Friesen 1976, Brown et al.

18761 .
3.3 Seeding Methods

'3.3.1 Seedbed Preparation - .
Lavfn and Springfield (1955), Gomm (1962), Currier
(1973) and Sejner~(1975)'found'thai seedbed cultivation is
an essential principle of revegétatjpn. The objectives of
cultivation - are to perhit the-seed to be placed in the soil
at the desired depth,‘to.allow roots and precipitation to
more easily penentrate. the soil, and to bury surface
materﬁals that could ﬁbstruct'OP hihder seeding. operations
- (Brady >1974). Furthermore, Allison.(1973) and Weston (1973)
both recommended incorporating topdressings  into the
under lying material to ehcourage root.development belbw the

topdressing depth.
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3.3.2 Seed Treatments

‘Treating the seed prior to seeding is a common
agricultural practice. However, very little is Known
regarding seed treatment requirements for native species,
and regearch by Syncrude Canada Ltd. {1975) and Walkgr et
ai. (1977) indicatgd tgat these reqﬁirements will véry among
populations. Furthér research in this area appears
important;

Scarification of the hard seed coat of leguﬁes has been
found to increase gé?mihatidn'of most species. Astragalus 
was found to germinate and become established more
successfully when the seed coat was abraded (Grandt 1977);
Similar results have also been achieved with 'HedysaPUm
(Klebesadel 1871). ‘ |

"Most agronomic legumes gre.innoculated with appropriate
mycorrhizal orgénisms’béfofe they are seeded. This ensuress
tﬁat the legumes will be able to fix afmospheric nitrogen.
However , studies by Horstmann (1979) indicated that
innoculation of native legumes may not be necessary. It was
the opinion of a pane; member at é reclamation woﬁksggp that
innoculum for native plants may be ubiquitbus’ (Vaar tnou
1979). .Furthe}. little heseqrch"haS'_beeq~.conducted’_to
determiné . which specific mycorrhizal orgahisms are
beneficial to specific native legumes.

_Some research has been_conducted 1ndicating a need to
stratify shrub seeds in-ofder to ehhqncp germination (King

. 1980). Hewever, knowledge of stratification requirements is
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limited‘and with some species, cold stratification has
resulted 1in significant reductions in germination (Vaartnou

1 1979).

‘No previous " research was found regarding pretreating

.

grass seeds.

3.3.3 Raking

Raking the seed into the seedbed has become very common
in revegetation progfams, and some authorities have
recommended that raking should be considered- a étandard
revegetation practice (Curriéf 1973,:Cook 1874, Sheard and
Porter 1977, Johnston and Smoljak 1977, Brown and Johnston
1978). Plummer et al. (1955) stated that if the seed cannot
be incorpofated into the seedbed, then Seeding should not be
attempted. Walker et al. (1977) had 1little success in
establishing grass cover on moUnﬁain grassiands in Alberta

and wrote:

N

"The very Tow success of establiShment.. ...
illustrates the need for covering the seed in some

“way." , : . .
Macyk (1977)° compared areas of mine spoils.at Gfande
Caché, Alberta, that were raked after broadcast seeding to
areas that were not raked after seeding. He found
considerably better. grass cover and growth on the raked
'are§§, Einsphar (1955) found that light raking a@tgr sowing
grasses and legumes more than doubled stand Qegggties on

~coal spoil banks. Goff (1971) found that plant éover was

increased at least 50 percent when seed was harrowed into:
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the soil rather than left on the surface of pipeline and

seismic rights-of-way in the Swan Hills of Alberta. MclLean

et al. (1961) failed to establish satisfactory grass cover

- temperature extremes to which the gerﬁinating seed is

at'Kamloops, British Columbia; unless the seed was covered.
Seed is raked into the seedbed to prevent desiccation

of germinating seeds. The surface of the soil often dries

rapidly,'but moistUre loss is considerably slower only 0.5

cm below the surface slower (Russell 1973). This is

especially important on=é6arse soils, such as those at- the

study site, where‘large soil poreé provide little resistance

to vapour transfer and where capillary rise of water to

replace that Jést to evaporation at the surface is s low
(Brady 1974). Johnston and Smoliak (1977) stated that
failure to cover seed and subseauent‘desiccation of'thé
germinants;‘is a majo; cause_of failure of grésslaqg seeding

in' Alberta.

Seed is also raked into the éeedbed to” limit the'

exposed. Temperature fluctuations decrease with- soil depth

"amount of seed removed by animals and wind. Birds and small

(Bfady; 1874). Therefore, by placing thé . seed below the

surface'it is possible to reduce the potential‘ for frost

damage or lethally _high temperatures to the gérminant.'

Again, this can be important on coarse soils, as they dry
rapidly and the transfer of thermal energy through large

pore spaces is slow.

Seeds are alsd raked into the seedbed to reduce the.

¥ 4

Y
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animals can remove.and consume large quantities of seed
(Hernandez 1973, Walker et al. 1977). Because of the low
u‘bulk density of seed, it js a]sovsuscepiible to removal by
‘wind when left on the surface (Currier 1973). Futhermore,

Nishimira (1974) noted that the rough surface resulting from

raking provides mere resistance to wind erdsion.thgn.azilﬁ
smooth SPPfacef o : e 4
The depth ‘at whieh raking ‘piaces the seed appeanﬁ*e¥
critical. Plummer et al. (1955) found that opt1ma1 ’geed16-;£
depth wvaried with texFure;Lcoarse textured soils required
-deeper seeding. They-aleo found that large seeds were most
‘succesefel Qhen seeded at 1 to 2 cm depth while smaller
seeds were more successfui at 0.5 cm. Sadasivaiah and Wei jer
(1980) had poor success with species such as Koeleria
cristata and Festuca saximontana, which have small . seeds,
usﬁhé{“a 2 cm planting depth in revegetation trials in
Alberta’'s Rocky Mountains.'lThey‘ concluded that improper
depth of seeding :%Sgh a. contribufing factor,'Simf]arly,-
DePuit and Coenenberg (19789) found that species with small

seeds did not establish well when planted at 2.5 cm but were.

very successful when planted at'shallower depths.

3.3.4 Packing

Several gu1debooks have 1nc1uded packing of the seedbed
after seeding as a necessary step in revegetation (Lavin and
Spr1ngf1e]d 1955, MclLean et al. 1961, Curran and Etter 13974,

Johnston and Smoliak 1977, Sheard and Porter 1877, Brown and
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Johnston 1978~ Packiﬁg the seedbed has been suggested as a
way to maintain surface moisture (Root 1973,' Johnston and
Smoliak 1977). Loose soils have large pore spaces which
readily conduct water vapour out of the soil (Hausenbuiller
1972). In contrast, small pore sizes inhibit vapour
- movement. By packing the soil, it is possible to reduce soil
pore sizes and consequently reduce evapofative lagss of soil
moistuqe. In addition, éapi]lary rise of water is” enhanced
by compacted soils and reduced pore sizes (Hausenbuiller
1972). Experiments by Mat and Bowen (1963).showéd that by
compacting a dry surf. scil, it -is possible to increase
soilvwater.sufficiently to aliow seed germination.

Paéking the seedbed after seeding also ensures good
soil-seed contact.  Johnston and Smoliak ({977) found that
rq}}dng and péckihg‘%the_'seedbed after sowing produced a
highly uniform, shallow coverage of seed. Firmly. packing the
'soil can increase diffusion and hass flow of nutrients to
the roots (Russell 1973). When the soil is firmly packed.
' around each seed, water movement by capillary action from
the soil to the seed is also enhanced. Klock et xaf. ’11975)
determined that poor contact between seed and soil, and
consequent low mo“stu-e availability, is a major reason for
revegetation fai. ‘e 1in coarse soils on disturbed méuntain
slopes. | ’

However, pacKing the soil-mgy.reduce'plant:aﬁéilable.
water in the soil. Warkentiﬁ.'(1971) f nd  that compacted

o

soils, retain ‘less water at Tow sucti:n and more water at
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high suction. This is a result of a reduction in the”size of

soil pores and subsequent increases in matric 'potentia].“
Fur thermore, by decreasing porosity, pacKking can inhibit
infiltration of precipitation.

Packing. the soil may alleviate problems with s0il
temperature '(Rpsseil. 1973). As préviously diséUssed,
éompa?fing the soil can help maintain moisture near the soil
surfgée. Furthermore, packing can reduce the pore sizes and
consequently the ratio of air to mineral component in the
soil. Sin¢e air is a'poor'}hermal conductor in relation to
water of minerals, packing can enhance thermal conductién.
vonsequently, maximum and minimum tempgrature extremes are
reduced. This ¢an lengthen the growing season and reducé theb
~potential for lethal temperatures (Harrison 1977).

N Packing the soil has also beeh suggestéd as a means df
réducing soil erosion, since loose soils are more éasi]y
eroded by wind than compacted soils, within the same
textural class (Stallings 1957). Russell (1973) noted that
heavy rolling can create a surface crust®™which is high]y
resiétant to wind erosion. However, as previously mentioned,
paéking can: reduce infiltratidn‘and jnchease over land f]dw:
of water which in turh can be eroéive. Furthermore, Lavin
and ‘Springfield » (1955) pointed:oui that packing 6perations

usually create a smooth{ surface’ which offérs l%tf]e

resistance to wind or ‘watéer movement. The result may bé'3

‘greater velocities of wind and WafebAa]ong the soil surface
' & o

and increased. erosion of less compacted areas. Sheard and
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. )
Porter (1977) found that if a site is unevenly packed, sma}T“”

depressions and:riQIS can form on the less compacted areas.
Coﬁsequent]y, erosion control does not appear to be an

important advantage of seedbed packing.

Field trials. on -rid gfass]ands in the southwestern \\\

United States demonstrated that firm packing of the seedbed
greatly 1improved revegetation survival rates {Merkel 1974).
Brown and Johnston (1978) obtained similar results on alpine

_ ‘ o _ -
grasslands in the Rocky Mountains. Lesko (1974) determined

that packing the seedbed improved plant cover Athabasca . 0il~

Sand tailing at Fort McMurray, Alberta. In contrast, fieJd

trials at Luscar, Alberta, indicated that the advantages x%fy'

A%

o [ t e ,'.:' ’\.v:_[.
packing were marginal (Lesko et al. 1975). Mclean etﬁaka

(1961)" found that while packing the ground after seeding

usually improved revegetation success on Canadian prairie

‘ grasslands, the improvements were not significant.

ﬁﬁff
3.3.5 Cellulose Fibre Mulch "

?here are numerous types. of mulches available for

Eevegefation purposes, including straw, wood chips and

fibreglass. Howevér Verma and -Thames (1978) felt that

cellulose fibre is the most common and effective mulch for

_erosion control and conservation of moisture in arid and

semi-arid regions.
Cellulose fibre mulch is applied to a seedbed for many
of the same reasons as peat topdressjngs. However,van

important difference between peat tdpdrgESings “and mulches
. . . . Tm———

. .
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”

is that cellulose muliches are usually applied to a seeded
surface to protect and ameliorate the underlying seedbed,
rather than to peride a seedbed itself. Plass 1378: found
that if seed. wood fibre. and fertilizer are applied as a
slurry, the sensitive geFminating‘seédlings perched in the
porous medium are vunerable tc extremes 1in temperaiure and
to desiccation. lonsequently. he believed that. particularly
1n. areas where dry ~periods, can be prolonged. a more
a¥ect1ve practlce 1,mto apply the seed and }ertil{zer‘first
and then cover w1th mu]ch ﬁ
Cellulose fibre mdlchee nave ' been : shown to conserve
mdistune. particularly .at thé*Suf%eee df the seedbed where
the seed is germinating :BarKIey et al;a1965v‘ Le 1 h peat,

the 1mproved m01sture‘_conSthalion. is iarge:, ‘wve to the

placement of ‘a materwal' withi smail .pore sizes on the

.Seedbed ; >ma11er pores tend to enhgnce'mojsture retention.

reduce evaporat1on and increase available soil water. /4ilso,.

because the seed is below tne-sdrface..moisture Fluctuations

are not as extreme”'gr as’ répid Barkley e” al. ‘79657,'

« . : : r»\ s

o
RN
rmf,

< .

a soil under cel’u1ose:*1b¥e mulch threef

&' \‘» L

irrigatxon 1n Qomparmsan o &
.

mulch
Hoﬁévef stud1e<: haVén'shown tha tois pbs§jﬁjejfor
W '\‘J, ’ . \’ .,. -
mulches to actual1y-rea“ce seedbed mo’; stg" levels . Weaver

and Rowen 1934*?‘ C‘J#ﬁcient nois:ﬂ*e accumﬁ1ates in the

. 'l~ft- .

-
¢

ncourage pernc afqonx‘ tRe . moisture  will . be
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intergepted and evaporated back to the . atmosphere without

replenishing 501l moisture reserves. Therefore, mulch can be

disabvantageouq if too much is app\ied br' if' the treated

| J

area exper1ences a predominance of ?1ghier§jnfalls Gardiner

' s

(1972) found that mulch did mot/“ﬁecrease ~ evaporative. .

moisture loss on revegetated m1n0y.8po1ls in ,the Rocky

Mountains of British Columbia. Fyr(henmohe. Ve,ma and ThameSgie

(1878) noteds ..at. ce]]ulose mu1ch ‘isn at best’,. s1mp]y»a£;-»j

L ]

temporary measure in management of mo1sture conservat1on

As discussed in the sectlon _on/ peat topdress1ngs
organ1c f1bres are generai]y not nutr1ent rich. Furthermore,
e1nce'geellulose f1bre mulches are usually app11ed to the
surface of the seedbed, the potential for 1nd1rect.1ncreases

in fertjlityfyby ,1ncreas1ng “the CEC of the ?seedbed is

i
v

reduced. Cun@ejlb(1977) found that mulch may have a negative

effect onéﬁblant’growth one or two years after application,
because much of the available nifrogen in fhe-.5011 is
1mmob111zed by m1croorgan1sms decomposing the mulch.

itBarKIey et al. (1965) +and Curran &nd Etter (1974)

ﬂgﬁggest that the most important ' role of ce}lulosevfibbe

«%5 mulch is to preveﬁt erosion and to hold the seed inn place

'Cellulose flbre has been found to be effective in control of
wind. er051on; on d1sturbed lands - in arid and- semi-arid
regions iVerma and Thames 1978). Gould et al. 11975) stated
R that 1f¢tﬁé eerface material is sandy 'mulches are necessa:y

‘ “ )

in. order lo stabilize' the scil and pr vgnt severe wind

IR

erosion. Kay (1978} Fgund_ghafﬁorgan1c mu]ches protect the

&
.

.Mfﬁﬁ.

X ™
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.

soll surface frpm raindrop impact and subequent erosion and
Gurdiner (1972) found that mulch was effective at holding
se~> and soil on’ steep mountain slopes. Further, ¢ burying
the seed, mulches can reduce the amount of seed removéd and
consumed by birds aind animals.

Cellulose fibre mulches have been proven fo enhance
revegetation success in field trials. Barkley et al. | 1965
~found that two weeks éfter seeding there were 2.25 times as
many grass seedlings on plots mulched with cellulose ‘fibre
than on plots without the muich. Further. they ¢ 'nd that
the grass seedlings on mulched plots wer 66 peréent taller
and weigheqijO percent more than those on unmulched plots.

Gould et al. (1975 also repdrted- significantly greater

emergence of grasses and forbes on A@ne.spbils in the arid

southwestern United States,'However] .gesko et al. 1978

found that while wdod”fibre mulch increased soil stability"

and 'plént eStablishment on very steep s lopes, *ﬁt was

-
!

Auﬁhééessary on moderate sIopes_or"flat areas. Weston 1873
suggested . that muiches only provide !=»mporary assistance and
that it is cheaper. to .apply more seec and fertilizer.
. _
3.3.6 Broadcast Seeding.
_Broadcast seeding is by far the most muwmﬁwnethod-of

revegetating disturbed areas. The main reason is that it is

faster = and iess expensive than any other methoc.' 1t may be

the only practic#@! method of seeding “small areas. Weston
e ° R - %
1872 ‘noted that bpecause it is not  necessary to use

/

S 2

"
!
o gt
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ground-based equipment when broadcast seeding, problems

imposed by weafﬁéf, topography or access can be overcome.
\

g s
-Consequently ‘ﬁroadcast seeding allows greater flexibility

with resphﬁﬁ:?o timing of seeding operations.

A large number of f1eld studies discussed in the

prev1ous sections 1nd1cated thaj ,other seeding methods have
been more successful thagiﬁﬁeagcastﬂseed1ng <P]ummer et al.
1955, dohnstdn and Smollak\\ﬁ@77 BarK]ey et al. 189651
However exper1ments on d\ h1gh alt1tude grassland in

southwestern«Montana oonducted by Gomm . 11862) showed that

‘1n1t1a1 establ1shment of grasses was superior when the seed

) Q N\
was broadcaft .rather “than drilled OQ amploughed and d1sced

seedbed. Drill seeding 1is similar to covering the seed by
raking or with celfulose_fibre mulch  in that each method

buries the seed. DePuit and Cbenenbergv {19791 compared

'broadcast seeding to dr111 seeding on a Montana grassland

and . found that in all’ trials, diversity and stand
composition wae higher under broadcast seeding. They
conc luded that. if establishment of a diverse plant community
is a dejoi reclamation goel. then broadcast seeding with
proper seedbed preparation generally should be the preferred

eeeding method. The diverse nature of- a plant community

established frcm bgeadcast seeding 1is 6robab1y a result of

increaeed success of species with small 2ds when the seed

-

i¢ left at the surface Conseguently. broadcast seeding may.

nave merits beyond ease cf applizez.ion.

prg

\
A
KN
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3.4 Plant Materials
Native plant materials have been found to be better
adapted to poor nﬁtrient conditions than agronomic sbecies
(Mubbard and Bell 1877, Walker et al. i977, Ziemkiewicz
1877, Takyi and Russell 1950). Some native plants have shown
a greater tolgrance to droughty conditions than agronomic
-speciesb‘MacLauchlan 1875, McKell 1978). Johnson and Van
CTeveﬁ~(j9765;‘sugge§ted that native plants tend to create a- -
more s{%ﬁfé]}p]ant communifx. because of their inherent
_genetic va;iabijjtynand ecolngical ampiitudes. The phenology
"of native p‘l‘éﬁ'ié ‘may  be better coordinated with the.
environment of the site than materials evolved in other
environments tJohnson and Van Cleve 1876!. The t1m1ng of
ijgrer1ng can be especially important in this regard, since
the growing season in mounta1n3reg1ons is short. Hubbard and
Bell (1877 also suggested that native species may be more
cold tolerant than agronomic plants and; thus, are better
adapted to mountain env1ronments | o

Jasper National Park s be1ng managed to preserve and
- :

'interpret the nat1ve E@ants and animals of« the . Rocky
Mountains (Parks Canada 1970+. The’ study site 11es¢w1§b1n an

area classified as a Natural Environment Area, where maximum

9

protection of natural habitats is~provided. thenaﬁgons of

ndtural plant and animal habitat functions 'are discouraged.
Persuant to this philosophy, a management program has been’
developed with the objestive of replacing non-native plant

species .~ native plant species whereverforactical {Peepre

.

. o H "
'@ < . C
. N )
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1978). Revegetation efforts within the park must be designed
to meet these management objectives. |
‘However. there are certain potential diSadvantages. to
the use of native species for revegetation purposes. There
is generally a lack of adequate amouefs of seed sihce
commercial supplies are limited. Seed from populations local
. to the disturbed.site are often particularly d;;ficult to

obtain. Habitat  coordinated - geneticelly controlled

\

variations among populations have been we 1 1-documented

{Turesson 1922, Gregor and Watson 1954, Syncrude Canada Ltd.

1975). Clausen et al. (1940) documented negative plant

responses to altitudinal - movements of  populations.

Conversely, Walker et al. (1977) found }ho problems: in
: . : I
altitudinal, longitudinal or (Iatitudinal movements of

grasses in tHe'RocKy Mountains ofx Alberta. Their research
‘included“ numerous species‘xnative-to the Windy Point'EIudy
site and they conciuded ihat their blant materials had gréqt
enough ecological amplitudes to withstand such'mevementeﬂ
There is a need for further  research "into
’ populatio&?specific definitions of ecological barriefs."‘

Research has also shqwn that natiye'species ,afe bften

initially slower growing and produce - fewer seed than

agronomic species (Johnson and Van Cleve 1876). Furthebhore,f

there is little information on’ the autecology of native

species’ or their responses to seed treatments

{scarificatien. _tratification, innoculation, etc.). There

is an obvious need for further research with native plant
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sbeciés to fT$1 these information.gaps.
| Research indicates that piant diversity may be a Key to
suscessfuTA revegetation of disturbed site (Cook 1976,
JohnsonA and Van Cleve 1875). A diverse group of plants has
greater genetis variability than a sihglé speciesJ This. méy
enable a diverse ‘community to occUpy more mjcro-habitsts
than a monoculture and to survive a wider range of
environmental conditions. As environment changes through
soil-plant succession, disturbance or chaﬁges din climaté,
the inherent variability of a ‘diverse commun1ty a]lows some
plants to increase in abundance while others decrease 2 . This
is ‘not possible in where a s1ngle;spec1es occupqes a site. A
mixed community also has lower susceptibility to -
‘speéiestpeciffc | diseases, ' insect 'pesfs _or grazing
pressurés. | | ) |
‘ If“a- species is to oscupy a site.successfully in the
'fong»term, it must be able to wi thstand interspecific
»cbmpetition. “When a diverse assemblage of plants is seeded.
only those that have'the necessary competitqu,abilitys will
survive. Furtheerre V beneficial _re]atiOnshipsl “such 'és
legumes benef1t1ngwgrasses through nitrogen- fixation, can
‘deveJop in mixed communities. There’are also statist%cal and

‘éxperimengaj édvantagesf fo using a m;xture of plant
matefials. '~ Several authors: have nosed 'osign1f1cant
differences‘among plani species and theif responses to
Qarﬁéﬁs‘ﬂrevegetatioﬁ ’techniques ~P1ummer et al (1955),

Lavin and Springfield (1955). DePu1t and Coenenberg f1979Y
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i) A
and Sadasivaiah and We1Jer (1980) all found significant

differences among specie§ in their responses to various
seedfng methbds. Takyi and Russell (1980) found differences
among 'species in the effectiveness of topdregsings and
fertilizer abslications. Fufthef, within any Speciés there
exists a‘greaf potential for specific populations to véry in
their ability to revegetate and reproduce in a given
environment (Vaartnou and Wheeler 1874 . MaclLauchlan 1975 .

Syncrude Canada Ltd. 1975, ~“Walker et al. 1977,

Acknowledging potential interspecific. variation. it s

wapparent that if experiments are conducted usihg only 'Qne-

_species' for population!, then l1ttle can be conc luded

regarding the value of various techniques to other spécies;

By-'using several populations and species.;it is possible to

‘minimize interSpecific'effects ‘thus giving the experimental

Bl

‘results broader appl1cab111ty

It has been suggested that diversity should be achieved

by ut1l121ng species representat1ve of the predominant plant

forms native td the site (Cook 4976f.' At the study 'Site.
”ggésses, - forbs andi shrubs were abundant (Stringer 1969).

'GraSSes have been found to provide cover more .rapidly on

disturbed féjtesv than -most other plant forms and are

effective in. stabilizing soils ahd_ in encouraging soil

developmeht - (Hausenbui T ler 1972);()Moore et al. (1975)

recommended the use of leguminous forbs in order to provide
B , ; B . s .

 Tong~term so&rce*of~soil nitrogeh.»Cook (1976) suggested

that both coniferous and dec :duous shrubs should be used in
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revegetation programs. He believed that shrubs provide
stability because of longer life cycles than either grasses

or legumes.

3.5 Experimental Methods
Michaud ‘198?“ suggested that revegetation research
common ty requwres two sets of experiments Whenever soil

gmendments such as. topdressings or fertilizer, are tested,

“growth chamber trials . are necesssary to control .

environmental variables such as moisture and temperature.
Experiments alse are required to field test the treatments.

Michaud (1981) believed that the field experments should be
\ N :
designed to measure percent ground cover because:

"It is percent ground cover and not plarg densities
.+-which .determine the effectiveness of% vegetation
. swplant cover at protecting the ground surface If the
" individual plants provide a small area of
protection, a large number of plants is needed to
-produce an effective ground cover.”

Oosting (1956) also suggested that ‘percent ground cover

A \

should be measured rather than‘blant dens1ty and concluded

that var1at1ons in s1ze and form of grasses "make counts

'd1ff1cu]t and of l1tt1e value.

Measurements of percent ground cover have been made byE

means of visuel est1mates 1n numerous quant1tat1ve plant

. studies (Braun-Blanquet 1932, K1ng and Nicholson-. 1964,

- Jensen 1970,; Rowell 1977, Wagner et al. 1978, RusSe]t“andﬁ

Takyi 1979). Many visual grounq.cover sampling. methoqs use

e

classes rather than gy

A
’

ﬁvfdua]‘percentages (Braun;B]anquet“n

—
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e
18321. However, grsugd cover classes present problems with
respect tc statisica@iﬁ?ﬁlysis. Bannister (1966!) and Jensen
11870 strongfy discéﬁfaged the use of classes in favour of
estimates made to the nearest percent. One ﬁetre square
plots have been suggested as an appropriate size from whiéh

to esimate ground cover on grasslands (Bannister 1966,

Wagner et al. 1978, Michaud 1981).



4. MATERIALS AND METHODS

In order to test. the stated hypotheses. a series of
experiments was conducted. A field experiment was used to
test . the effectiveness of the various treatments in
producing increased percent ground cover. A greenhouse
experiment was developed in order to control moisture and
temperature factors and to measure the degree to which
topdressing and ferti]izerAapplications affect plant weight
and height. Thef%ield experiments could nbt. be}‘used to
access plant weight and height because: -

1. The experiment was designed to examine long-term as well
as short-term resuits-and clippings: of the sample pl\ot@{
wou 1d Have'lbeen_inecessqry in order to obtain weight
yield data. The'c4§pped plots pould not produce seed,
contribute organjc matter to ffhe soil or .co%pefé
effectively with invading vegetation.

2. The effeét of‘toédressing and fertilizer applications.dn
plant weight and -height could be more .effﬁciehtly
isolated and controlled in a greenhouse environment.

3. Time constraints limited the number ~of factors which
could be measured' in tﬁe field. ]

betai]ed site analyses including soil tests  were
conducted, and germinétion tests were used to assess the
geEminabiTity of the seed used in the -experfme%ts. The
latter studies were conducted fo improve the informatioh:

bése from which ‘to ‘interpret the results of the two

experiments.

:'\5?‘
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4.1,Fie1d Exper iment \ L

4.1 1 Experimental Design.

The logistics involved in applying the fouéhindependent
variables (topdressing, fertilizer, seeding method and plant
materials) determined the experimental design  The
topdreséing had to be applied as a single unit over»a large
area, sipce as 1t was not ?gasible to apply theée materials
to randomly .ocated., small ajscrete units. Similarly, two of

the seeding methods (mulching and packing! could not be

T o0 ively applied to. small units. Therefore., the
: \

%7 iment was designed as a five level ‘split-plot. The
split-plot experimental methodology ic commonly used Qn'such
experiments, for exampleEche tar sand revegetation}projécté
in Aiberta ﬁRowe1l 1?77, Qaartnou and Sons Ent. Ltdt 19771 .

. The statistical imhlication'of a sp]ii-p]ot. design is
that the size of  the sahp}ing unit changes among the
independent - variables (Steel. and :Torhﬁe 1960); Each
indépendenf .variable, therefore, has a different sample.

kpobu]afion_pnd estimate of error. The sma1]estAsambling unit
has the smajlest population size and iﬁfis;moqp‘difficulf to
determine the significéncg of4v'variét%6n, ;Conyerse]y,
relatively subtle differenqes at 'fhe highest order
independent variable_may be stétisticaily isolétédﬂ

The field experiﬁent af Windyvﬁoint was designed such
that the order of independent varjgblés from highest to

lowest was: o L

v}



v
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1. Topdressing effect (3 variables)

2. Fertilizer effect (2 variables)

3. Seeding method effect (4 variébles) and

4. Plant material effect (3 seed mixture varfables and 16

species variables ).

W
Tl s order reflected:' the logistical consideratiqns in

anplying the treatments.

4.1.2 Plot Establishment o 2

In late May and early dJune of 1%&&4’@88 plots one
. -v{#{ d ) o .
~out-along the

gquare metre in.size weré measured andjstakr
pipeline right-of-way. The nuﬁber ofi‘feplications was"”
limited by the width of the right-of-ﬁay and the °length that
was suitably level. :The site was divided into four
replications (rows) and then further subdivided into four
levels of plot units which gepresented the four independent
variablesp(Figure 4) .,

Thg preparation o? the seedbed was én experimental

constant for the field study. Once the AreplicatiOn and

topdressing units r 2n established., the entire study
area was hand rotot ze. Other than for the reasons
described in . the .are review (Section 3.3.1), the

objectives of the rototilling were also to ‘éliminate

established. vegetation which méghﬁ.céuse a statistical bias

and to bring the.underlying fjner-textured soil particles to
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'ﬂwheheﬁgfgahic soils belong to the F]ckle S spil compliex

Y

(Dumanski et al. 1972);+Ftck1eésoits,are’chafacterized

by the presence of greater than 60 cm of unconéolidated

peat wh1ch‘ is der1ved pr1mar11y from sem1-dbcomposed

feather mosses and to a lesser extent

sphagnum mosses

‘}The peat cons1sted Qf an approx1mate1y equa’l m1xture of

’

f1br1c and mes1c organtc matter that

brown to . very dark gray

commercially processed.

e

in _color.

~was  dark redd1sh

-Thefpeat was not:



S

toodressﬁng*

e
- oamy NG wacs amen o
- '}
] ! LS
apprc: "mg! -etor - Der Ty Tut 3

tnNe  aree Samanor
y ' R t,‘:&‘;;‘
“7 TmEe parer'  mater z, ThRThEe =t mlon 8550
-t : FEN N
g mas Deer JEescrt Thef My Lumansk : &7 3 “iy v
oyt
[ - . 4 .
mec T umr et Tur eC £17ONg y Te Careous QJra.cs
s DrOowm aec tam maler d.l whocCr covers T othe
‘angascape. m the form of g Doess- ke T lanke:
. ¢ s l.)'
i . o
T
. -‘v,;_', L. ) ]
Tne  sg was ‘e tC OCse- nocons ncy ana
. . . o A »
comz iete v grave. N
“ne fquru49e07icat~" were - diviaed 1nto three
SR . Wi, "'-.A o N PR RS .

‘Qne subdivisionaneéet{éc'a
3 . * 3,

' oty o
another rece1ved ay 7:@i cm cover, of

treatments
cm cover of peat
1oamy sand and the thxﬁﬁ subd1v1swon was no#lidpdressed
The volume of topdressxng was determ1ned b@@the s1ze. of

truck = that could

3

the study site.

satisfactory

»

topdressings as thin as 5 cm

“11975) had _responses

(1974) . had

Stafion

and Treslef

successfu]iy used 10 cm of sandy loam topdress1ngs when

the under]y1ng material was not tox1c Further, Benry

(1970) found that a 10 cm topdress1ng of peat 1mproved

-

water helding capaci.ty, 1mcreased<-retent1on of p]ant

nutrients By the soil, accelerated seed germ1nat1on and
. ]

increased plant survjva1‘rates, on Athabasca 0il

tailings. « ~

0. C

The North Dakota Agr1cu1ture.“Expeerent;

with

Sand__

travel on the narrow, grave] road 1o «

ns
.'L‘-»
N
‘
M e
Axl
ol
I A
=
R C
»3 h
N ;‘.
L N
iy
N
i
o~
p
o



w

R Te

L

A\

not. strat1f1ed and no treatment was app11ed to”the grass L
~l;seeds )J

The seed1ng methods tested were:

1}’.broadcast

surface)

3. ‘packing the seed’ into the

roller,

covering

L9

a

~seedﬁng"

hand raking the seed 1nto the segdbed

ahd

J

[}

01eaving. the

P —

seedbed with 31 100 Kg

the seed w1th a cel]ulose fibre hydromulch

._Kthe commer1ca] brand . Conwed Hydro mulch” ).

2 .

seed on the soil
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*f.’r"w ’
SR - LN was Drgagcest 00 tne fart Tec o.cCtc
e® Trt wmg he g recommendecd =, Srowr, and .ohnsion
.- i N T : . .
v - mre yregegsT [T Mg ne of ~Urogen T ong na of
. o a . .
DNTSPR%irLe  ang ng me @f, su Yur feritzer was
O . - o ]
‘app pec or 'y once. Time  0f sedding as
R . b i (o
B P AN . »
recommenges Ty lasage . T
S EVSeed*ng;Meshod “reatments ° '
. . Y s 4 - , g %‘5
. The fert iyzer ?né%tmonts were’ ‘urgnerud V1ded 1nte
F@ur seed1ng method Jnxts Seed'was app11ec at 20 Kg- ha
) 'v \ \f\l “ 3
.whvch is-~s1m1lar‘ to rates recommended~by the A]berta4
N s, - »
RO s
Forest Service 1979 The'seed coatsﬁfof 1egumes. were
‘ jgpaded- with 'sandpaper prior*to seed1ng but .the: seed
’ : g \
- #®as not innogulated. The seeds of the %hgub 'Dec1ess'

>



P

<

Segd fnomkpopulatwaps'at or M the vicinity of  the
stv‘udy ‘site werpelwnot avawlab‘rﬁRec‘ogmzmg potenhal .'
prongns w1%h us1ng non- 1ocal1zed popuiat1;ng ?tﬁ wa;
ﬁnece;sarykilo‘carefully select cand1date Plan. mater1a1s

o based on:four crrterra i “

Y

N '!
¥ 5 ,‘;9', e

et

&

Ve e ~' R B ‘ ‘_k\"

“he mUicr wWa< appiied as_a water slurry 2t a  ate

L3

24 "27F wg ha as suggested by Look 27E  and we *hain
S he resu!’t m_ lch

;@ ne ”5noe recommendged Dy rav

:Over aver aged = cm 1n gepth. =—oweve: since -1ne mu»:h

A}

was appired by hand. the cover varied within each pilot
I - . N N B ¢

anc .ranged from ' ¢cm to nearly & cm.in depth.

3 , - & - '

©L 2L flant Materwals

j o

s

The seed1ng methnd units were ultimately subd1v1ded

=

\

irfito one metre sguare plofs wh1ch were used 1o determ1ne

the-é*fect.of each treatment on the Qlant mater1als.

4

"1, ~Past research on s1tes w1th s1m11ar enV1i§nments ~nd

"I1m1tat1ons’ had to have indicated that the plant

’gmfmater1a] had good potent1a] tp revegetq&e the‘ study .,

-ﬂ
] s1te.. Th1s information was der ived from:ﬁy personal

-

'*? exper1ence WTth the plants and exper1ences of Dr

v ‘Vaar tnou who co]]ected and propagated the " mater1al§

(Vaartnou and Wheeler 1974,JVaartnou and_ Sons\ Ent.

-

" Ltd. 876, "N377) . 'However, at.the initiation of the

Windy Point field t-rials, the infornation base for
N S

these plant pdpdlations was limited. Consequently,

revegetation .research literature for ofhen

‘populations of the same species had to be heavily =



A

7

utr11zed.

40 sl was desiraple to develop a community with

floristic characteristics similar to communit s

indigenous to the aréa. Such a community would meet

o

the -objectives of the evege{at1on program of = Parks’

Canada ‘Parks Canada 1970r Peepre 970 as lel as

. ‘appear more natural and" less con$p1cuous to the

1 3,

o . K . .
average park user. Consequently. species native to

the. study stﬁ%ﬁwere‘cons1dered most desirable.

-

_As' discudsed 4n Section 3.4, .a ,divqgg-‘“si.-i:

ty of . plant
"J) o

!

-

b

- . L O o
4. The'plant materials had to. be "available. Until,

o . | )
recently, there’' ‘has been ‘a lack -of interest -in

developing native plant materials for revegetation -

purposes Sufficient quantities of seed for many
spec1es that may have been suitable fonﬁrevegetat1on
"at ~§he field experiment. site were ndl available.
Consequently, some less desirable species were

selected from the best. a&éjlabte a]tebnatives.

a .
A “deta11ed ‘analysis of SUifability for all
. R Y e : .
ava:]ab]e plant ma&aqjals _was. conducted Appendix B
3T o e, y - :
g, S\ v &

dproV1des the Pesu¥t§.of th1s analys1s for those spec1es B

-

used in the field exper1ments

The statlst1ca1 advantages of using a 1arge numberq

of species were descr1bed in Sect1on 3.4. Sixteen

opulations, representing fifteen species were selected

-

fOrms including grasses; 1eguﬁ€%f ﬂﬁ&@ﬂ'shrubs was.

‘desired. * . o Cowt
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XY

for the field trials éhd~are listed in Table- 2. Two
populationt could not'bév}axonomically classjfied at the
species levél.and the origin of one bopujatioﬁ of Poa
alpina was unkngwn; The sixtéenﬁpopulations were divided

into three seed mixtgres-fCédsequently, the number .of

‘species in each seed mixture conformed to that used in

most revegétafion programs (Hernandez 1973, Klock et al.

11975, Cook 1976, Younkin and Martens 1976, Alberta

Forest Service®1979). If-a single large seéﬁgmix&yne hadﬁﬁl

been used. the amount bf seed pf.any one species sown on

‘a given plot might have been insufficiept ‘to provide - -

PN

adequ te

specjf more® eas11y assessed' when fewer species
7 ’ : . . ~ ;

The -iggéiés were randomly assigned to 'a seed.
mixtune-éecording'to the following criteria:
1. FEach mixture had at least one tall grass épecies

”

'(i'eﬁx Agnopyron-tnachycaulum, A. ripariumy, A. sp.
or Elymus innovatys), . } S
2. Each %é;h 'hiXtUref‘héd' at  least -one shQnt‘grgés

. species (i égynPoa alpina, P pnafehsis, ,Féstbca:;
oy saxrmontana{_ | Kd&lepra cristataf _6r3§DAg€oSt?s

stolonifera), = - . . a e
A | ‘ o

e

3. Each seed mixture had _one legume species, (i.e., ~

Astragalus sp., Hedysarum alpinium or H. mackenzii) .

4. Each seed mixture had one shrub species (i.e.,

Juniperus horizontalis, Rosa acicularis or Eé?eagnus.

’ %w .. Fur ther ~ground cover ; for each’ ‘.

7
L

T

. e Ryl

des

s
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i
commutata) .
Since available ‘seed. stocks were. limited, it was
necessary to use two tall grass soecjes' in one_ seed
mixture and three short grass species in another;in

order to equalize the seed m1xture we1ghts - An attempt

was' made to equa11ze the number of sma]l and large grass
} .

seeds by 1ncreas1ng ‘the we1ght proportlon of the

heaVier, ]arge seeds .. " The compos1t10n of the "three seed .

m1xtures is shown 1n Table 3.

&

"The experlments were des1gned ‘to determine the

effects of the var1ous treatMents on vegetat1on as a
whole‘,and to determ1ne the effects of the treatments on

l

1nd1v1dua] spec1es It was assumag that no seed m1xture

A;was» superlor to another as al] cohta1ned suff1c1ent

X

i'plant d1vers ty "to overcome the lack of success of any
one species. Since different quant1t1es of seed were
used for each spec1es, No comparison of responses 4among
spec1es - couldy be - made. However differences in

4'v morpholog1es and phys1olog1es among the species would

Tikely make such compar1spns 1nva11d

4
‘A

. ) . .
\ . . ! -

4.1, 3 Samp1ing Methqu - -

After,the f1e1d plot exper1ments had been estab‘1swed a

sampl1ng program was 1n1t1ated The site was V1c1tc0 ol f1ve

‘occassions in the f1rst grow1ng Season: July 15, du]y 22,

July 28 August 11 and August 17,  1977. The ‘plants were-

generally too 1mmature throughout this per1od to accurately

A 7

o



Elymus. innovatus
Poa,alp/na #1
Hedys@irum mackenzi i

Juniperus. horizontalis

©

L

Seed Mix;ure 2

Agropyron riparium
Koeleria cristata

Poa pratensis n
> Agrostis stolonifera -
Astragalus sp.

Rosa acicularis

Seed Mixture 3

Agropyron sp. .
Festuca saximontana
Poa alpina #2
Hedysarum alpinum
Elaecagnus commutata

N

«ﬂs’

Table 3: Composition of Seed Mixtures Used 1
Experiments

RN .
""k" PN
.}“ ;w" “
.»..‘

gt

%Eield

Perent of
Total Weight

30%
30%
20%
10%
10%

30%
20%
20%
10%
10%

10%

30%

30%.

20%
10%
10%
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identify species. Consequently, quap&§tative analyses were

not warranted. Instead qua]itatiVéd assessments regarding
germination and initial establishment were"madet

" Research by Selner (1975) shoWed that most grasses and

legumes can germinate and grow in the first C> .ar: however,

* growth of unsuitable species-Fan be .drastically reduced by

the second groS;%g season. Consequently, it was assumed that
the 'second ‘growing season could provide a measure of the

effect1veness of treatments.

'The study site was sampled four times dur1ng the 1978

growing season' *dune 3-6. dune”'28—30 July 25-27 and

»

'September V2—5. During, the first three samp11ng)per1ods the
amount of p]ant ground cover was estwmated to the nearest ‘

,percen&age - for eath seed mixture, “Th1s was necessary since

t

many‘-of the pilants had not - 5yiu11y deve]oped %gnd,

. consequently, . species 1dent1f1cat10n was inaccurete.
However, by eartx September it was possib{e/to.identify _the
‘individual,'wsoecﬁes, since most plants ‘had completed .

' végetat1ve development andfhad flower1ng parts Therefore.

percent ground cover was e&tumated for each spee1es as well
.Q'
as for the seed m1xture dur1ng ’the‘U September~ evaluat1ons

‘Non-seeded, 1nvadert ‘species were  also . 1neluded 1n“each. E

\ ﬂ\@stimate of total ground, cbvéhf?n a‘p?bt’ ‘The - presence o&
. SR ~,
" these spec1es can also be a measure of the effe§t1veness of

the treatments. Dr. Vaartnou-prov1ded ‘on—syte verifﬁcation

© of species identification (Vaartnou‘pers. ebmﬁl);j_' )

[
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=
As previously noted, height and weight data could not
be collected from the field experiments. However, general

notes were made concerning heighf, vigor and seed production

t

of the plants during each of the evaluations.

&

4.1.4 Statlstlcal Ana]ys1s j{

——

Ground cover data from “the field experiments were

® v

analyzed using multiple ‘& 1ys1s of variance‘(Steel and

Torrie'hgsp). The stat1st1c£% s1gn1f1cance of treatments and

o

-interactions were determlped on the basis of F table va]ues
at the 1 percent (PS0.01) sygn1f1cance level. The "~ means ' of
: a’H treatments that wehe s1gn1f1cant at P<0.01 were

"Jﬁ S

X f’&éat1st1ca]ly compared us1ng DUncan s’ Mu1t1p1e Rgnge T%s}

{Duncan 1955) (P<0.01). Duncan’ s-Mu1t1p1e Range Test "is one
of the“”mosg common methods of. muitiple comparisons 1in
: h}bfologica1';experiments (Hardin 1978). Using a common method

R - i : -
.allows comodrison§ to be made ,ﬁgf;”readily with other

experimental results.. = |
LS : .

-

\Ana]yseé were conduoted forj;he;data an which ground
coVer was estimatea for , each ‘seed mixture. A seoahafe

ana]ys1s was Jlso conducted)én the data set co]lected ‘at the

~

end of the f1e1d ,exper1menﬁs in wh1ch ground gover was
: N o

estimétedgfpr'-éach speoieéﬁ-:Thje_ ana]yéis permitted -an. -

evaluation of #the effect of the treatments on individual
] R a t"xﬂ R ' ., - R . : . .
species. s " : .

. - ‘_
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g

‘topdress1ng and no topdress1ngl The soils were

%dtl“materials”Ayas placed 1nto tenl separatevwiﬁ3.35 &cm'

in each pot : o,

ﬂkg/ha, dupltcat1ng thosé’rates used 1nlthe f1eld

‘3. Agrdsfis sxoloniferaa'

78

-

4.2 Greenhouse Experiments

\f 2.1 Exper1mental ‘Design

The greenhouse experlmwnt was deswgned as a three-way,

analys1s of varlv "wath three topdress1ngs treatments, two

- fertitizer - treatﬁents and: f1ve spec1es.' lhe amount of

available greenhouse space and.facillties‘limlted(the total

Al
e .
. 2 -

population‘size . ! . f}«(” ug* - e
‘s Ty \h ‘)‘ '.-- .
At the end of. the- f1eld exper1ments ,soll Was collected
e ’\y - .

in the field from the unfert1l1zed portlonSﬁbf each Mof» the

gt

,topdres51ng treatments ',(peat topdress1ng loaﬁy~sand

air- dried

.

and all gravel and roots were rem0ved Each the'three

v | _ . .
diameter free-dra1n1ng pots The th1rty Jpots weré&then“

saturated with water and the so1ls were. allowed to settle.

'i_

" Sod1 was¢ ‘added as necessary to gouaﬂjﬁé the volume Of“§q$] .

a

Ammonwum phosphat&.sulfate Tl A§§44n'l16-20-0 + 14%Sﬂ

,

' 2
,was added to half of the pots in each topdress1ng treatment

: Fert1l1zer was applled to the so1l surface at a. rate of 785 p;

¢ P
.

F1ve grass speq{es were randomly selected from those

used in the field experﬁments The spec1es used were:

T
1. Agropyron riparrUm e

~2. Agropyron trachycaulum
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4. Poa alpina #1
5. Poa pratensis

L | W;ﬁ; .
Grass species were selectednbecause their-seeds generally do
not .require treatment . “prior to seedlng and thev germinate
and grow more frequent]y !han 1egumes or ~shrubs. Each
Spectes was random]y assmgned a row in each pot. By seeding

al] of, the testec .species  in each «bot, Jhe ef?ects'Qb q&

"“
»

1nterspec1f1c competité%@r could ’be 1nc1uded and fie@@
£ L , J .
) cond1t1ons more closely s1mu1ated Ten seeds of each spec1es ‘

!weremﬁsown O 5. cm below the soil surface in each pot Each

b Rt

spec1es was subsequently th1nned to five plants per pot, “in

stages - one, two. and Jthree vweeKs after' seed1ng: By
-, overseeding. and thinning it was \poss1b1e to e]1m1nate

dffferences‘~in“ seed 9Vi£bility. At ]east f1ve plants per'v
' spec1es germ1nated and grew in each-'pot The *pots were

'randomly» 1ocated ‘on the greenhouse ‘bench 1n order to avoid

.statiBtical b1as The pots were watered t f1e1d capac1ty

R ‘v‘r ) : - o ‘ ;

'twice a. weeK . SO that mo1sture stress of the so1ls was note‘m s
’ , -

s1gn1f1cant at any t1me

'

Lha g

ot

4 2 2 Samp11ng Methods o .
The exper1ment was 1n1t1ated on September 26 1978 ‘and

[l N

contlnued For.~twenty one weeks wh1ch 1s approx1mate]y the@ |

J

effective growing seaecnb for dasper, A}berta' (Boughner

1964).'”ADuring' this period, the ‘greenhouse was. having”

e
<

2\
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\
problems with environmental control. and temperature.
huﬁidity_and light intensity variéd considerably over this
‘period. Temperature averaged 16-1S'C but‘varied from 77 to
23°C. At 7°C the roof of the greenhouse frosted heavily and
the intensity of light decreased.

Twice a week, height measurements were recorded for
each plant and notes were made regarding nutrient dé;:ciency
symptoms, f]owefing and seed productionfﬁ At the end of
twenty-one weeks, the plants were clipped at ground level,
since the roots could not be séparated effectively. A1l the
above-ground parts of each species 1in each species were
Acollectively oven-dried and weighed. Individual plants were

not weighed as they were too light for accurate

measurements.

4.2.3 Statistical Analyses ,
The weight and heicait data were sepérately- analyzed
using multiple analysis of variancé (Steel and Torrie 1960 .
Statistical significance; of independent variables  was
determined by F tests at the 1 percent (P<0.01) significance
level. The means of all significant variables.were compared

using Duncan’s Multiple Range Test (Duncan 1955) (P<0.011.

4.3 Site Data Collection - T .
L |

Soil pits were dug along the right-of-way in the spring
of 1977, prior to treatment, so that profile descriptions of

the original seedbed' could be made. Soil samples were
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. o
collected from each of the six fertilizer treatment plots in

the fall of 1978. Each sample represented’'a composite of ten
separaté sgnples collected from randOmvlocatjoﬁs within each
fertil%zer treatment..Separéte sampleé were taken for the 0
to 15 Cm‘ and 16 -to 30 cm depthg st each location. a1]
samples were air-dried and broken‘inté granular structure.
Chémicéi and physical analyses were conducted by 4lberta
Agriculture s Soil and Feed Testing Laboratory.

Origirjl plant cover at the study site was determined
bv estimates of percent grqundr cover for tén. one metre
square plots. Dbservations'were recorded concerning grazing
at the study site. Weathe- data were collected from
published .repoifs for Jasper townsite for both years the
field experiments were conducted Envirorment Canada &°7,
19780, |
a.4 Germination Tesfs‘
| Since staf irdized germination tests bhad not been
developed for any of the nafive - species used .. the
experiments, the ‘tests could not be modelled after any
proven germination method. Consequently, the followgrg
germinatien test Qas conducted for a]j species used in the
field éxpériments, The seedé were first placed in a solution
containing 1.5 fpertgnt hydrégen berdxide for 15 minufes in
order to eliminate fungal'microbrganisms‘ which might have ~

inhibited germination. The seeds were then rinsed with

distilled ' ..2r. The seeds of the three legume species were
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Id
N

scarified with sandpaper to abrade their seed coats as was
done in the field experiments. Twenty-five seeds of each

specic werc ~laced 1n each of twd petri'dishes lined with

filtt o Nl The dishes were then placed in a warm

t18-. ""C1. ¢~k cupboard, and moisture was added aaily as
required.. The dark, warm environment was used to simula£e
seedbed conditions bélow fhe séil sur face.

Records were made as tlo the number of seeds that had
germinated 5, 10, 15, 20 and 30 davs after the nitiation of
the tests. 4 seed was counted as raving germinated when the
radicle length was twice the diameter of the seéd. Due 'to
limitations in the quantity of available seéd_ and
facilities, only(one replication could be accommodated and
nc statistical analyses were conducted.

'

3



5. RESULTS AND DISCUSSIONS
;The results . f the soil tests are provided in Appendix
C. Analyses of variance for the field and greenhouse
experiments are included 1in Appendix D.' The following
sectiqns discuss the environmental conditions that affected-
the experimental results., the germination test results and
tge effeclivenegs'of the treatments. Certain statistically
sjgni?icant. tertiaryﬂgpd higher level interactidns are not
discussed in this report. These higher level interactions
generally were concernec with the responses of individuaf
species to multiple treatments. However, these higher level
interactions were too complicated to allow interpretation
from the data collscted.. These interactions were isolated in
order to obtain the estimates of error in the split-plot

design and to allow a more precise definition of variance of

main treatment ef-ects.
5.1 Site Analysis

5.1.1 weather
Meteorological data for 1977 and 1978 are presented in
Table 4. These data were recorded for Jasper townsite which
may be more mesic than the study sife. However , the data are
useful in describing the general weather conditions at the
§tﬁdy site relative to the loné term average.
_ The weather for the 1977 and 1978 growing seasons (May
to September incldsive) was more coﬁducive to the

K

83



84

“er MW
. <

“€e- "€E- 9°9Z- ¢z'o- ‘- nT e

9 9 9 z S s Vot Zv- 9 L- Twe- SE-
zZ e vy LTy VBL ZLy O leE “TWE v BZ 9°CZC vO0Z vir 86
00 T4~ L~ Ot Vb p O 8 O+ 8 O+ 8 0O- € ) g+ o Q0
8z - Z2'0l- p'S- @'g 88" L €} 09 €€t 64 49 Zo 9 9-
909 g8'cs 904 1 1 -0 00 o 0 L 9 9y v O z

Zii LE L9 ol 60€ VL €0z ect L €8s 56 v
"0 6LY €01 L7tz Z'€E 9.0 CPE 96 99 LOV E v Owvi O}
IVANNY 5130 AON 120 d3s ony AIND INNP AYW 11HAY YN 834
861 ¥V3IA
a
S 8cC- S'8E- '0'8Z- € L- E£1- Zz T L) S+ €£Z- Z6- 8S-, 002-
) " OC 9°¢ zTZyv 961 piT £ 62 L'0E v 6Z LOZ S 9 .88 € 44
Z O+ 6'G- L4- 9°0- L4- 4 O- Lb- 90+ §O- 0%+ € te 8 9
€0 € 0'Gi- §°G- 'y Z' 8 O vi S € [ S S A €S v o4- Z 0O-
€ 0t} 9°9¢ 9iE 9| z¢e oL 00 00 I 0.4 08z 0%
L6 ve - 6 88 9G4 oz 981 89 apy 6v °  6E} Ly
€ 9y E'vZ O0E 692 €95 ¥ LS G838 OPL 605 b4 §0Z € 43
TVANNY 23q AON 120 PETS ony Lang HAP Avm 1ddv  avm 934
LLEL MVIA

(8L-LLB}) vii0Qy J8ds¥p) 404 papucdey

00Ul o |

8L61 'LL61 WPWUR) JUBWUOJIAUT  BDJINOS

6Z- wnuijuiw
4 TR Y]
z- WJION WOJs @3UJd 410
v - (3 ,)eunjeiadue; uvey
94 (w3) i (wjmous
VP W.JON 40 Juedudg
C) (ww) U0y} dldeayg | MYO)

OMm~—w

<

NV "

LZ - WU
9 wWNwy xep
€ WJON WOJ, @DUBJS,,)1Q
8- {3 ,)eunjeledus; ueen
4 (WI) 19gmous
174 WJON 30 juedDued
L (ww) w0y dydaug (@30

v oOomd

NYpP

@yw( (udibo|ouoean iy @1qey



85

estab]ishment of vegetation than the 30 year average}r'ln
1977, precipitation was 200.2 mm (54 percent above avéﬁage)
from the end of June, (at which time seeding héd been
completed) fo the end of September. The May to September
precipitation in 1978 was 345.1 mm, which  is" 61 percent
above the 30 year° average. Furthér. mean temperature ‘n 1977
was 3.4°C below and in 1978 slightly below the 30 year
average for May t;" September . Cohsequeqt]y,
evapotranséirative demands for soil moisture would not be as
great as those in an average year. It is probdble that'abOQe
average precipifﬁtfon;uin conjunction with below average
temperatures, produCed"a more favourable moisture regime at ,
the study site than normally exists. This bhas :ﬁmpobtaﬁfj
implications to the interprétation- of resuits discussed '
below. | | :
Frost was recorded iﬁlall months except June, July and
August in both 1977 and : 1978. Temperature extremes were
large as maximum températures exceeded 30°C and minimum .
temperatures were below -30°C in both years. The winter of
1977-78 (November to March) was 6.9°C colder than normal,
with an average teaperature of 58.3'C. Total snowfall was
85.8 cm, which is 61. percegt of normal. The iﬁsu]ative }
property of snow to the soil surface would 6ot be as great
under these .conditions. This indicates that the winter
season between the initiation and conclusion -of }the’ field
experiments was somewh;t more severe than the 30 year

average. Such cbnditions'provided a test of winter hardiness



of the plants.

5.1.2 Soils |
.Randqm profile examination of the undisturbed areas
adjacent fo the study site found the soils to have a thin (2
to 10 cm depth), dark grayish brown, AhK horizon directly
oveglying a Ck Boriion of unKnan depth..Both horizons are
generally gtrucfﬁreless with Single-grain particlés‘ being
predominanti The AhK horizpn'is gravel-free, sandy loam in
texture and is well to rapidly drained. The subsurface Ck
horizon has about 10‘percent gravei by volume and isba well
drained;.loami Thesé observations are similar to those made
by Stringer (1969) and Hettinger (1975) for their étudies of
soils in the are;.\Althdugh,Hett»ingér (1975) and Wells et
al. 1(1978) obéerved_Ahb horizons in the ‘area, no buried Ah
hor izons were observed in the undisturbed soils adjacent to
\}he study. site. This sugdestg that Orthic Regosols are the
predohinant soi}S‘ahd\}ha{‘loéss dépdsition is trelétively

continuous . ":  | " | | , |
 The 'soil of the study site (along the pipeline
right-of:wax[' laéked%gdevelopﬁént of soil structure‘and did.
not have defined profiles. The activities associated with
the construction of the pipeline had resulted in the
incorporation of the devel&)ed horizons with ‘the underlying
undeve loped. "pargn't lmat';rial. The process of soil
deve lopment , which is inherently slow in the area, had not
progresséd appqeciably jn‘thé 25 years since disturbance. To

——
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a 60 cm depth, the surficial regolith consisted of ‘a light
grayish brown, well to rapidly drained, sandy loam material.
The md&erial was intermixed with gpproximately 20-35 percent
(by voiume), gravel-sized material. Probably as a result of
erosion and frost heaving, the gravel covered Epproximately
half of the surface of the study site. Drainage along the
right-of -way is - likely more *apid than on adjacent,
undisturbed areas that have a finer-textured subsurface
hérizbn. .

, Chemical ana1y$i§ of the 50115 at the siudy site and on
adjacent undisturbed lands indicateds that both soils are
nutrient poor, especially with respect to available nitrogen
and phosphorous. Pipeline constructionvdoes not apbear to
have affected the chemistEy of the soils. Both soils ére
slightly to non-saline, and. are moderately to strongly
alkaline. Soil alkalinity appepis to increase with depth.
Concentrations‘ of free 1lime are very high ét all depths.
Since calcareous loess deposxt}on at the study site appears
to occur on a continuous basis, it is probable that
fertility  problems associated with alkalinity and high
levels of free lime will be persistent. |

Organic matter in the soil can act as a "nutrient
reserve. Optimally, a plant-nutrient cycle exists uhereﬁy
release ©f available nutrients from decdmposi;ion of organic
matter equals detrital input from the plants and»contributes
significantly to the fertility of the soil. 'Hduever, soil

organic matter content and live plant biomass at the study
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-~ site were very low, indicating that organic nutrient
reserves were severely limited. Furthermore, - the influéﬁqé
of nitfogen fixihb miQrooFganisms was probably negligible;
since, with few exceptions, leguminous plants were absenf
from the study site.

‘.The coarse texture and low organic content of the soils
of the s tudy bsitg indicate " that the,jr \CEC is low.
Consequently, it is probable tﬁat the soils at the study
site are unable to retain a large portion of the nutrients
that do become available. This characteristic compounds soil
nutrient problems. |

As previously discussgd,‘the soils at the study site
are highly susceptible to wind erosion. Erosion can limit
revegetation potential by removing the develoééd soil
materials from the surface of the site, 1eaving behind less
developed soils and gravel as a growth medium. Further, the
movement of the coarse soi |l particles can abrade or bury
emerging séedlings; This'action can reduce ‘broductivity or
result in the death of the plant. The extent of gravel on:
the surface of ‘the study site suggests that erosion had been
én important factor since the iniial disfurbahce by'bipeline'
construction. However, at the énd of twq growing ‘seasons.‘
signs of erosion. such as exposed root crowns or decreased
depth of topdressing materials, were not observed. This
suggests that in the short time period that the experiments
- were conducted erosion_wa$ not'én imbortant‘factor affecting

_the field results. The lack of erosion may be due largely to

S
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the higher than normél precipitation recordéd;in the'#féa'
dur%ng the two growing seasons. Moist_ soils are genehally
leésu-susceptible to wind erosion fhan dry soils (Staliings
1957).

" The porous, well-drained surface soils aguthefStﬁdy
site can heat and cool rapﬁdly because transfer of tﬁermal

energy to and from Jlower soil dépthé must be conducted

.

largely " through air. Air 1is a .poor thermal  conductor
relative to water or minerals (Brady 1974). Thfslcaﬁ result
in frequent incidence of frost and, perh;ps, lethally high
soil temperatures. However, the soils ']iKely,’remaihed"
moister than normal as a ' result of above average
precipitation in both growing ,Seésonsf The pofentiél for
lethally high soil temperatureé was also diminished a: a
result of bélow-norha1~temperatdhes in both 1977 and 1878.
Fur thermore, Lésko et aI. (1975)»found that 1lethally high
so%l"“temperathes dfd’ not occur in revegetation"trials at
Grande -Cache, Alberfa. and Deely and Borden (1973) found
that it is unlikely that light colored sQils: such as ﬁhoéé
indigenous to the = study "site.' ﬁil] reach lethal
temperatures. |

Consequently, it apbears that there are no soil factors ~
other than 1ow_ferti;ity'and periodic moisturé stress that

may have interferred with ndrmal plant growth.
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5.1.3 Vegetation

Prior ’tO' treatment plant cover at the study site was

A\
. found to Mary from 0 to 30 percent. The average plant cover
Ry LR

“?tu y area was 9. 5 percent. In comparison, Stringer

,11(1989f;dete mined that mean plant cover in the adjacent

-Vueaﬁsfurbed grassland was 80 percent.

-;T;e aveilability of plant material to naturally
colonize the study site was iimifed. The short grasses are
known to produce low quantities of eeed and viabi]ity of the
~seed is inherently poor (Walker et al. 1977). The strong
winds cemmon to the area likely blow some of the seed off
the site. Furihermore. overgrazing by native ungulates can . .
Sevebelnyestrict seed produetion (Johnston et al. 1981}.
5.1.4 Grazing Activities
| Throughout both growing seasons, grazing By :sheep and -
elk was  evident. 'Approximately fivev bighorn sheep were
freqhently‘observed grazing at the test plets ‘and . appeared’
to be summer residents. While no elk were observed at the
site, their fedes weﬁe,commcn; No evidence of deer, moose or’
horse grazing was obseéved "and no Qrohnd» squirrels
. (Spermoph i lus columbtanus Ord ) were found in the area.

' while .some grazlng was evident on all treatment plots.
the 1ntens1ty of grazing appeared to be somewhat fselect1ve.
The fertilized plots appeared t6 be more heav1ly“grazed tﬁah
the unfer}ilized plots. Peat topdressed plots were grazed

_more than the loamy sand or the non-topdressed plots.
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Similarly, ggrtéin spg;iésﬂsucﬁ as Poa pratensis were more
frequently grazed than others such as Agropyrqn
trachycaulum.

The imﬁliéations' of selective grazing are very
signifi¢an£. Byﬁ selectivé]y consuming certain pélatable
species, grézjng animals can alter community composition.
Heavily grazed,‘ppen areas lack the plant';over necessary to .
minimize soil temperatUre’extremes or to trap moisture. They
are -generafly droughtier, hotter during the day and more
prone to early and late frosts than similar sites that are
lightly grazed\ ( Johns ton ‘et al. 1981). Furthermdie. by
removing a significant portion of the plant biomass, grazing
can reduce the amount of organic matter in the soil. Soils
with sqfficient orgénfc matter generally ‘retain more
m@siture. ére more prddUctiye and are less susceptiBle to
erosion (Bfady 1974) . \

Grazing-ncan also ‘affect the abi]ify of the'plaﬁts to
reproduce aﬁd 5urviveQ.Héavy grazing severely restricts seed
production and Johnston: et al. (1981) re;ort:d' that -
moderately grazed plants produqed .12 times as much root-
~biomass as heaQi]y»graZed plants. This in turn reduces the
drought-tolerance of the plants . .

Hernandez (1973) suggested  that blaﬁt-animal
»inte#actions'are probably one of tﬁe most critical and least
Understobd- aspects of revegetation. While an important
' objeétive‘ of revegetation can be to provide brazing

material, any treatmenﬁ. that encourages overghazing will

3
«
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likely be unsucce.sful in the lon~ term.

5.2 Germination Tests

The results of the germination tests are given.in Table
5. Under the treatment imposed, there was wide wvariability
© among specieg with respect to the percehtage of seeds that
germinated and the rates at which germination occurred
(Figuré 5). The grass species withh the largest seeag
(Agropyron riparium, A. .tfaChycaulum, A. sp. and Elymus
innbvatus) had the highest percentage ,of seed that
germinated (87 percent). In contrast, grass species with the
'smaflést seeds (Agrostis stblonifera and Koeleria cristata)
had the poorest germination (22 percent). However, ten days
after initiat{on of the test, 84 bercent of the small seeds
that would germinate under the germination treatment used
had done so, compared “to 37 percent for intermediate-sized
seeds and 21 percent for large seeds.

The poor germir#tion of small seed 1is probably
partially related to the manner in which the seed had been
stored and handled. All grass seedg had been stored in
aerobic conditions, at room temperature and was subject to
fluctuating humidity. These .conditibns can result in
oxidation of reserved food suppiy in“the seed (Bidwell
11874) . ‘The»'loss of stored food ;would be of greater
significance to smaller seeds, which lack the .quantity of
food of the larger seeds. Consequently, many of the small

s

seeds may not have been viable.



Table 5: Germination TeSt'Results Expressed as
a Percentage . of Total Population

. Species
_ 5

A}

Days After Initaiion of
Germination Test

10

1. Large Seed Grasses (> 2.0 gm/1000

Agropyron riparium 8
Agropyron trachycaulum 2

. Agropyron sp. 2
“lymus innovatus - 12
Average 6

20
18
12
20

17.

'l

15 20 30
seeds ) !

72 100 100

80 390 98

66 70 82

50 62 68
5. 67 80.5 87

N

2. Intermediate Seed Grasses (0.4 to 0.7 gm/1000 seeds!

Festuca saximontana 2
Poa alpina #1 22
Poa alpina #2 18
Poa pratensis 2
‘Average 11

10
36
28

2

18

3. Small Seed Grasses (< 0.3 gm/1000

Agrostis stolonifera 14
Koeleria cristata ‘ 12

Average Co 13

4. Legume Forbs

Astragalus sp 8
Hedysaum alpinum 8
Hedysaum mackenzi i 6

Average 6.

| 5. Shrubs

Elaeagnus commutata 0

24
14

18

28
30

7 34

12 32 38
a8 52 68
44 59 60
2 40 40
26.5 44.0 50.2
‘seeds)
26 26 28
16 16 16
21 21 22
60 80 90
52 60 72
38 . 62 68
. 50 68 76.

10 -~ 16 16



Juniperus. horizontal is 0 0 0
‘Rosa acicularis 0 0 .0
) Average -0 2.6 3.3

'Source: Walker et al. (i977){
Watson et al. (1980!'.
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PERCENT OF SEEDS THAT GERMINATED
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FIGURE 5 : Germination Rotés Expressed As
A Percentage Of Seeds That
Germinated '

LEGEND:
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————— Intermediote Size Seeds
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It is also possible that many small seeds were simply
dormqnt and that doﬁmancy requirements had not been met by
the treatment applied. In particular, small seeds may have a
lTight ‘requirement for _germjnation. In theory.: a light
requirement prevents germination of small seeds which are
buried too deep. In such ‘situations. small seeds would
exhaust thefr food reserves‘befére they reach the surface
and become autotrophic. Research by Voge!l and CQrtis (1978)
showed that Koeleria cristata may have a light requiremént
for germ{héti;n. It would have been useful to have tested
the viability of the non-germinated seeds to determine if
they were dead orbsimply dormant. |
| The relationships between seed size and rate of
germination might also be related to the amount of food
reserves. Small seeds generally germinate r;Squy when
conditions are suitable, since they have only minimal
amounts of stored food for early embryo growth (Bidwel]
1974). Germination was also rapid vin’ both Poa alpina
populations. Over 30 percent of germinable seed had
germinated by the fifth day. ‘The rapid rate 6} germination
of Poa aipina may have been an adabtation to the short
growing séﬁson associated with their high-altitude habitats.

The three legume species had géod seed gérminabj]ity
(68-90 percent). Germination was slow initially, ahd less
than 10 percent had germinated after five days. However,

after . this period germination rates increased and became

relatively steady.
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Seed germinatien‘of the three shrub species was very
low. None of the duﬁiperus horizontal is and oély 3 percent
- of "the Rosa acicularisWseede germinated. Elaeagnus commutata
had better but still peer germination. It is possible that
most of -the shrub seed was\dorment Strat1f1cat10n has been
recommended for both E. commutata and R. acicularis (Watson
et al. 1980). However, it is q}so pc- - "Sle that the seed was
not viable, perhaps because\\it reen collected while
physiologically immature or was\ﬁmproperly stored.

With the exception of . the small gr%ss - seeds and
Agropyron riparium, there was a long period between when the
first seed germinated and when the last seed that could
germinate had done so. The A. Pibaeiumv was the commercial
variety Sodar and likely the characteristic of germinating
over a long period of time had been :bred out" of the
species in order to facilitate harvesting. However, there is
great value in germinating over long time periods. Hillson

{1979) suggested that native'perennia] species exhibit this
.characteristjc so that all of the germinants do not get
killed by one disasterous event.

The differences in the success of germination tests

among species 1nd1cates a need for fur ther research in order
to standardize germ1nat1on requ1rements, seed handllng and
storage procedures for all native species of grasses,
legumes and shrubs. This research should be population
specific, because Harrington (1972) reported differences in

longevity of seedls of populations of the same species when
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stored under identical conditions.

5.3 General Plant Development

~

Although data Eollected over more years are required,

the initial results presented in this report indicate the

possibility of rapid establishment of a native, productive
and diverse plant comunity in a harsh mountain environment.

Emerged seedlings were observed at the study site four weeks

after seeding and haa brf’oduced approximately 20 percent

ground cover by the end@f the first growing season. Ground
cover reached 50 percent by the end of the seéond growing
season in comparison to 9.5 percent achieved after 25 .years
of natural succession (Figures 6, 7, 8v;nd 9). HoweQer, this
general success should be evaluated in terms of the 80
percent ground cover of the adjacent undisturbed grassTand.
Cover ranged from a low of 5 percent to a high of 75 percent
among the treatment plots.

The percent ground cover produced by the different seed
mixtures was statistically equivalent. There was apparently
enough species diversity in each mixture to overcome the
lack of successlof any one species. Mixtures #1 and #2 were
both dominated by the AgPépynonlspecies In Mixture #3 Tthe
slightly more successfu] of the three), Agﬁopyron sp. was
codominant w1th Festuca saximontana |

As stated above, comparisons of percent ground cover

among species are not valid. However, general success in.

establishment can be discussed. At the end of the first

>



J FIGURE 6: Ground Cover At The Study Site Prior To Treatment

~

$ . -

FIGURE 7: Ground;Cover'Aftef:TreatMent. Note poor cover on
untreated area at right. T
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FIGURE 8: Ground Cover At The Study Site Prior To Treatment

FIGURE 2: -Ground Cover After Treatment. Hote A grostis
' stolonifera inflorescence and poor cover .on

“untreated area at 1eft
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. growing season Agropyron trachycaulum, A. riparium, A. sp.,
Poa alpina (#1 and #2), Agrostis stolonifera and Festuca
saxlmonfana were established in all tobdressing treatments.
'\Koelerfa cristata, Poa pratens;; and Elymus innovatus were,
the only other species reéordéd at the site. By the end of
the second Qrowing season twelve species had become
established at the study site, with E. innovatus nofably
. absent '(Tabie 6). E.. Iinnovatus haa presumably = been
winter-Killed. | - | ‘ |

Two grass species, Koeleria cristata and Agrostis
stolonifera, each produced less than 4 percent cover. Both
species had poor }esults in. gérminatfon tests. Whiie' the
1ack of light may have influenced germinability of these
small-sized seeds in germjnétion tests,. broadéasting and
backing seeding mefhodé left the seed,é*posed to light in
the field experiments.'Consequently; poor seed viabilfty was
likely a major éontributing factor to their ]aqk'bf success.‘
However, site charapteristics “also appeared to have 
jnﬁ]uenced.‘ success of establishment. Fbr example, K.
cri%tata~h5d been recorded on loamy—sandvtOpdressed plots in
1877 but 'apparehfly Hwas 'winterfki1léd"on these plots.
Further, Rowell (1879) had poor success with A. stolonifera
on alkaline, Athabasca 0il Sand tailings and felt that the
species”prefers-acidic soil conditions.

The three legumes were slpw to estab]isﬁ and were not
recorded until the middle of the second grOwing: season.

Klebesadel _(1971) also found native 1eguh§s to be slow to
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Table 6: Perceni Ground Cover of Individual Species' and-
Seed Mixtures? from Field Experiments

Seed Mixture 1 A Percent Ground Cover

Agropyron trachycaulum 13.91
Elymus innovatus ‘ : 0 0
Poa alpina #1"' S 9,27
Hedysarum mackenzii : 0 3.31.
Juniperus horizontalis 0

‘Average 29.71

' -

Seed Mixture 2 -
Agropyron riparium “ 13.84.
Koeleria cristata ‘ 2.89
Poa pratensis » 6.59
Agrostis stolonifera 3.51
Astragalus sp. 4,82
Rosa acicularis : , -0

Average | ’ A 30.21
Seed Mixture 3

A

Agropyron sp. v 11.25
Festuca saximontana 12.14
Poa alpina #2 6.83
‘Hedysarum alpinum 4.04
Elaeagnus commutata | } 0

- Average - )v‘f" | - - 31,17

1 As measured September 2-5, 1978.

2 Averages for the 1978 growing season and include
ground cover provided by encroachment of non- seeded
spec1es from adjacent sites. =
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establish and suggested that if the legumes.are to provide
cover in the first gﬁoﬁing season, they must be planted as
early in the season as possible. Sincg seeding was cénpleteq
at the study site ﬁ5 days after the start of the effective -
growing season, sléw.establishment was anticipatedi Random
eiaminéfionv of sbme >of fhe legumeskshohéd_no evidence of
nodulation on the roofs at the end of the field experiments.
However, the plants were still relatively young and nodules
may not have begun td form. |
‘None "of the shrubs seeded at the site 'becémé
established..The germination tests showed that these seeds
were difficult to germinate  and may - require some
pre-treatment.jﬁbwever} norha]l,seasonal weather patterns
meet stratification redhirements under nafural conditions.
The lack of success €7 the shrubs evenﬁih the second growing
' season indicates that the seedima§‘nof have been viable or
that‘pre-treafmenté other than stratifiéation are required.
It is also possible‘that compeiition frbm the grasses had
inhibi ted estab]iéhment._ of the shrubs. The faster -
germinating and g;owing grasses would initially_dominate the
shrubs and 1limit the amount of moisturé, nutrients'anq light
available to them. Lesko et al. (1975) and DePuit and
| Qoenenberg'(1979) had poor success with seeding of shrubs
along with grasses in reclaMatiéﬁ_frials. ; |
- *Non-seeded, volunteer species were of Clittle
significance in"the' first growing - season and did not

contribute more than 1 percent to ground cover. 1Tanaxacum
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sp. and Galium Sp. were .the most common volunteer plants on
the test plots. In the second season, volunteer species
become somewhat more frequent on the study site.” Artemisia
sp. and various unidenti;}ed Compositae were also noted on
several plots. Collectively, volunteer species contributed
approximatedy 3 peréent ‘to’ground cover bylthe end of fhe
second growing season. The relatively low ground cover
produced by the volunteer species on the prepared. and
amended seedbeds after two growing seasons may bélindicative~
of the poor natural seed supply in the area. Nevertheless,
the invasion of these spécies on the study area wds

considered important in achieving increased ground cover and

in assessing the effectiveness of the various treatments.

\ |
5.4 Season

-

Percent grouna cover changed significahtly during the

1978 growing season (Table 7).

A comparison of mean values for each sampling dafg showed
t%at ‘plant cover increased until the end of July ét}which
fime\cover began to:aecline (Figure 10). The decréase. in
ground ,éover chncidés approximately’vwith a decline in
precipitation and the start of the period when moisture
‘deficits occur (Stringer 1969, Hettinger 1975). Plant growth
declines as the days become shorter and: moisture becomes
limited. Consequently, fhe plénts lose their ;ucculence and,

as graz%ng continues, plant cover decreases. Erickson (13868)



GROUND

PERCENT

FIGURE 10+ Relationship Between Ground Cover and
Precipitation During the (378
Growing Season

COVER -

~ 100
30 -
. LEGEND:
' _x Sampling Date
20 Ground Cover
Precipitation
. .

MAY JUNE JULY 'AUGUST SEPTEMBER OCTOBER

By

PRECIPITATION (mm)



106

found similar results on study plots on native British
Columbia grasslands and smoliak et al. (1975) described this

pattern as typical of native grasslands.

Table 7: Comparison of Mean Plant Cover for Each

Sampling Period

Date | Percent Ground Cover'
June 3-6 23.70 ¢
June 28-30 - 28.45 b
Ju1y“25-27 | 38.07 a
September 2-5 31.06 b

! Means fo]lowed by the same letter are not

significantly different at P<0.01 -

5.5 Topdressing Treatments

Statistical analyses showed that topdressing,treatmenté
significantly’ affected plant growth (Table 8). Multiple
comparisbns of treatment meanst sﬁowed that the pgat
topdressing had no statiétically significant effectbwhile
loamy sand topdressﬁng produced the least ground cover.’ Not
$opdressing the site was the superior treatment.

By examining the major site factors that were

potentially limiting reyegetatidn, it was >pOSSib]e to
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develop explanations regarding the results of topdressing”
treatments. Other factors which may have influenped the
results. .such 55 populations and activities of
micrborganisms, could not be determinéd from the data

collected.

_______________________________________________________ G
Percent Average Average
Ground Weight per Height per
Treatment _ Cover Plant (mg). Plant (cm)
Not Topdressed 34.85 a 42.11 a ‘ 25.39 a
Pect Tcodr-ssed 32.65 a - 34.7l:ab 23.76 ab
Loamy Sand Topdressed 23.60 b 27.79 t . o8 b "

' Percent ground cover values are from field experiments
and weight and height yields are from greenhouse
experiments _

2 Means followed by the same letter are not
significantly different at P<0.01.

5.5.1 Soil Moisture

Precipitation in both growing seasons was more than 50
percent above the 1long term average, and soil moisture
deficits were probabiy of little significance. Consequently,

- the effect of topdressing on moistufe retention and

/
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availability would not have been as evident as may occur. in
norma 1 or‘~drier seasgns. The greenhouse experiments, in
which moisture wasbnot limited, showed tﬁét other factors
were largely responsible for the poorer ground cover on both
peat and loamy sand topdressing treatments (see Seétion
5.6). |

No tests were conducted to determine the moisture
holding characteristics of the topdressing mediums or to
monitor their moisture levels in the field experiments.
Congequently, the effect of the topdressing treatments on
soil moisture can only be surmised from the patterns of
plant deve lopment . Nevertheless, Severa] significant
interpretafions can be.made.

The plots topdressed wifh loamy sand were coarser
textured than either of the ofhér soil types. They also had
the lowest organic matter:- content. Dﬁé'potentialhadvanti S
of applying the loa;y sand topdressing was to create a
relatively gravel-free seedbed. However, after rototilling
fhe site, the gravel that had beehﬁ extensive on the soil
surface was incorporated intg the'loamy_sand. On fhe~plots
not topdressed, rototilling broughg to the surface the
under lying materials that contained léss gravel. In a sense,
rototilling the p]ofs‘not topdressed simulated topdressing
with indigenous materials. The endk<resu1t was that the
topdressed plots did not contain significantfy less gravel
thag those that were not topdresged. Consequently, it is

probable thatvthe addition of 1oamy sand simply aggravated
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moisture holding broblems.

In mid-summer, when evapotranspﬁrative demands are
greatest, the plots topdressed with peat produced the most
ground cover (Figure 11). Furthermore, at the beginning of
September the plants were still predominantly green on soils
topdressedn with peat‘ while plants on other treatments had
cured. Bidwell\(1..4) noted that a lack of soil moisture is
an- important factor initiating dormancy and increased soil
moisturé re]étive to the other topdressing treatments may
have' been at least partially responsible for the de]éy of
dofmancy on soils topdressed with peat. Cohsequentlyfgit is
probable ' that topdressing with peat did at least slightly
increase available soil‘water.“However, even in mid-summer
the difference in cover between the plot topdressed with
peat and those not topd%essed' were not statistically
significant (Table 9). Hernandez (1973) determined that when
moisture was adequate, peat topdresséd.éoils were inferior
to mineral soil Had drier conditions prevailed throUéhout
the growing séason, beat may haQe proVen more beneficial
while the Jloamy sand topdressing may have produced even
poorer ground cover. .

Below 15 cm in depth, the soils of the peat topdressed
plots did not differ fn textufg or organic- content from
those that were . not topdressed;'Thjs indicates that even
after tillage, the peat was not incorporated into lower
depths. Research by Alltson (1973) and Weston (1973) showed

that unless the topdressing is effectively incorporated into
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‘Table 9:

Date

June 3-6
Jure 28-30
July 25-27

September 2-5

111

Comparison of Topdressing Treatment Means
for Each Sampling Period.

Percent

Treatment Ground Cover'
Not Topdressed ‘ - 31.88 cd
Peat Topdressed 24.17 e
Loamy Sand Topdressed . 15.05 f

Not Topdressed 30.68 cd
Peat Topdressed 30.89 cd
Loamy Sand Topdressed 23.80 e
Not Topdressed 41.67 ab
Peat Topdressed 44 .32 a

Loamy Sand Topdressed 28.32 cd

1
1

Not Topdressed 35.16 bc
Peat Topdressed\ 31.20 cd
Loamy Sand Topdressed 26.82 de

e v
' Means followed by the same letter are not
statistically different at P<0.01
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the uﬁderlying seedbed, roots will almost exclusively
concentrate in the surficial material. Shallow-rooted plants
are“mqre susceptible to periods = of drought than
deeper-rooted plants. This may explain the dramatic decline
Qf ground cover on peat topdressed .plots in the droyghty
month of August, 13978 (Figure 11). The ]ess dramatié decline
in_  the plots whjch were not topdressed may indicate
deeper-rooted plants. The plots topdressed with loamy sand
had the smallest decline which may indicate that the roots
were fénding to concentréte in the finer-textured subsoils,
which have greater moisture holding capacities. The shallow
depth to whfch rototillers .can effectively till suggests
tHat another implement, such as a chisel plow, might be ‘more
appropriate for incorporating topdressings. |

—_—

5.5.2 Fertility
In the gréenhouse environment, soil moisture and
temperéture were main;ained”at levels which would not 1limit
plant growth. The uncontrolled factor was soil fertility. In
terms of weight and height yield, $he soils not topdressed
were statistiqal]y superior to ééi]s topdressed with ldamy
sand and superior but statistically equal to soils
topdressed with peat (Table 8). Consequently, it appears
that the addition of loamy sand or peat topdreésings
decreased soil fertility. | |
| Soil tests conducted on the two topdressing materials
prior to application showed both to be extremely low in
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available nitrogen and phosphorous (see Appendix C). The
peat topdressing was strongly acidic (ph 5.2), low in free
Time and had. sufficient quantities of sulfur for normal
plant growth. The loamy sand topdressing was moderately
alkaline (pH 8.0), 1low in sulfur, had moderate levels of
free lime and was low in organic matter. Both soils were
non-saline. |

Inkﬁhe first year of thé field experiments, peat was
observed to have better establishment and sustained growth
than either of the other topdressing treatments. This may be
due Jlargely to a reduction. of ‘soi]'pﬁ and a subsequent
: increase‘fn‘nutrient évailabi]ity when the acidic .peat was
incorporated into the alkaline soil. The enhanced fertility
at the time of seeding can be important as seedlings are
generally léss able to absorb soil nutrients than mature
plants (Bidwell 1974). |

In the second Qrowing season, peat ~generally was
slightly }nﬁeriofito soils not topdressed. Furthermore, in
greenhouse experiments using topdressing materials collected
from the plots Aat the endk éf the ~Second yeér, soils
topdressed‘ with peat prqduc;ed(slightly less biomass.,‘LSoil
testS.bonducted on the soil materials collected at the end
of the field experiments showed that the soil topdressed
with peat had become moderately.alkaline (pH 8.0) and. levels
of free lime were high. Two years of calcareous loess
' depositiqn in addition;to the high conéeﬁtration of soil

bases in the orginaT soil material likely counteracted the

Eo—
e~
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acidifying effgct of the peat. The fibric peat used in the
experiments has>a lower CEC than‘highly decomposed peafs and
consequently has a lower capacity to buffer the soil from
‘alkalinity. In terms of the availablility of soil nitrogen
and potassium which is not related to alkalihity; the soils
topdressed with peat Qere as infertile as those not
topdressed. Much of the plant-available nitrogen in the
soils topdressed with peat could have been jmhobilized by
soil microorganigms decombosing the organic matter (Brady
1974). Cundell (1977) found that organic amendments to mine
faflings resulted in depletion of available nitrogen and
Subsequent reduction of -plant growth two years after
application. It was possibly this depletion of available
nitrogen that resulted in poorer ‘blant growth on soils
topdressed with peat relative to soils not topdressed. This
effect can produce negative results for several "years as .
decomposition of the larée mass of organic matter continues.
While sulfur levelS were higher than those in the soils not
topdressed, the negative.fesults achieved in thé greenhouse
experiments indicate that sulfur was not a limiting factor.
Establishment on control plots and plots topdressed
with-loamy sand was equal in the first year of the field ‘
experiments. Upon appljcatioh. the soils toﬁdressed with
loamy sand were similar in terms of soil pH and available |
nitrogen and  phosphorus. Available potassium  was
considerably lower in the soils topdressed with loamy sand,
however, this did nbt appear to ;ffect first year growih.

o9
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In the second year of the field éxperiments and ih the
greenhopse experiments, the loamy sand topdressing was
statfsticaliy inferiorl to soils not topdressed. Soil tests
showed that the loamy sand had.increaéed in alkalinity. Its
pH was 8.5 in cOmparisoﬁ' to .8;2 for fhe» soils r)ot;i
topdressed. The coarse loamy sand soils would have a lowe#g
'CEC than the finer textured sandy loam on the plots not
topdressed. Consequently, the soils topdressed with loamy‘
sand would be more épséeptible to’increases in a]KaTinity
caused by'lhe calcareous loess deposition. It 1is probable
that this high lével of aJkaliﬁity_helative to the -soil not
topdressed further reduced availability of some of the
nutrients and caused the negative responses asséciated with
the appljcation of loamy sand topdressings.

\

5.5.3 Soi]lTémpqrature

- Pércent ground cover VWas signficantly 1lower in  the
spring (June 3-6) 6n soils topdressed with peat than on
soils that were not topdressed_(F{gure 11 and Table 8). At
the end of July, plants were more mature oﬁ both the loamy
sand soils and those thaf were not topdressed ihan they were
on the soils topdressed%with peat. Seed production was just
beginning on the plotsiitopdréssed with peat while seedlﬁf
produCtion~‘was much moré'advanced on both other .treatments. j
In comparison, plants  in greenhouse experiments, where
temperature was controlled, produced seed one week earlier
on .soils topdressed with 'péat than plant; on ' other
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topdressiﬁg treatments and the plants matured at the same
time.; This suggests that there was a delay in the
development of plants on sqirs‘topdressed with peat in the
field experiments and that this delay was probably caused by
low soil temperatures in the sphing. |
Peat has superior moisture retention capdbilities
compared to loamy sand or to the soils nbt fopdressed. It is
probable thatvthe peat would have retained more moisture and
remained moist longer than either of the other treatments.
The enhanced soil moisture levels may have significantly
reduced mean soil temperature by readjly providing moisture
for evaporation. Russell (1973) found that moist soils will
usé almost all absorbed radiatidn to evaporate water and
concluded that this can_be very damaging in regions with
cold winters and hot summers where cfops require warm sojis
to germinate. Hausenbuiller k1972) found that the ﬁbst
fréﬁuent limitation to ;lant development results from
excessive wetness in the spring which causes Tow soil
.tehperaturgs. de.soil temperatures retard see& germination
, ;nd early growth and can cause lgte spring frost damage. The
cooler ~and moister-than-normal weather conditions that
prevailed during both the 1977 and 1978 growing seasons
likely contributed to the problem .of lhw temperaturés in
soi l topdressed with peat. If an early winter had occurred
in either year, the effect o?,deldyed plant development may
have been catastrophic: to the vegetation on the plots

topdressed with peat.
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The addition of péat may h;Qe produced a beneficial
effect on soil temperature ih midjsummer. At moisture
tensions Whiéh limit evaporation (-5 to -15 bars), peat
topdressing"can cause an increase in minimum and a decréase

" in maximum soil temberaturés (Russell 1973). The reduction
of extremes of soil temperatures \results qfrom enhanced
trgnsfer of radiant energy to and from lower soil qepths by
means of soil.water. Water is an excellent thermal cénductor
relative to the predominant air ﬁeaium of the coarser loaﬁy
sands or sandy loam§~of the other topdfessing treatments. -

- JTherefore, moderately moist peat toéd}essings can reduce the
potential for lethally high soil temperatures as well as

extend the growing season later into the fall by increasing

<

minimum temperature. The reduction of soil extremes may be

parfially responsible for thq superior ground cover on piots
Atopdressed.hith peat in laté July (Figd}ev11)»

Had very dry éondifions preva{léd through both growing
seasons, the peaf topdressing could have produced letha]]ys
high soil temperatures. As the}peét becomes very dry (<-15
bars) the transfer of absorbed thermal energy becomes

‘;Sestricted.‘Because peat has a .lower"albedo, dry wpeat
topdressing .can cause higher maxihum soil teﬁperatufes than
would occur on the soil toparessed with loam sand .on .thoée
that were not topdressed. It is not probablé‘that such dry
conditions would occur in the early sprinjl so an early
warming 6f soils and subsequent19 early initiation of plant

growth in future years is unlikély.
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5.5.4 Grazing

While recognizing the significant implications of
grazing activities, quantitative aesessments of the .effect
of grazing were beyond the objectives of this study.
However; while not excessive, grazing did appear .to be
soﬁéwhat more intensive on the plots topdressed with peat,
particularly from m#d-summer to i%he end of‘ the growing
season. There are‘ two explanations for this apparent
preference. \ ' s»

As discussed above, the peat topdressing likely
retained more available soil water in ﬁid-érowing seaeon
than either of the o;her topdressing treatments. The plants
growing on the plots topdressea jwith peat would Tlikely
"maintain mere'water during‘this period than plants on other
treatments. Consequently, the piants on the peat topdressing
- may have been more succulent and palatable. '

' Secondly:' there was an apparent delay in the
development and maturation of the plante 6n the'ﬁsoii
tepdressed with peat. In tHe late summer, plants: oﬁ the
plots topdressed wjth peat~Were still green, while plants on
'tHe other plots hed cured. Again, these pﬁants would likely
be more succulent than those on the soils topdressed Qith
loamy sand or those not topdressed.e
‘ The apparent preference for grazing on piots topdressed
with peat may be at least partially 'heeponsible for the
decline in grouhd‘ CoYer relative’toftheqothep topdfessjng

treatments from mid-summer .to the end of the growing season.
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~

(Figure 11). Further )\ the selective nature 'Qf grazing may
account, in part, for the success or lack of success of

particular species on the soils topdressed with peat.

5.5.5 Species Responses ../

Statisticalf\éﬁ;;yses_ determined that there ~ were
significanf interactions between~topdressing and species in
both the field and greenhouse experimehfs. However, the
results of the two experimehts differed (Tables 10-and 11).
In the fiéjd. experiments, species whiéh - produced
significant]y greater ground cover on the plots that were
not topdressed éere: 'Agnogtis stolonifera, Festuca
éaximontana, Koelerié cristata, and Poa alpina #1. Field
experiments -indicated that peat tbpdréssing was more
suitable ’ than  other topdressings for: Agropyron
trachycaulum, Poa_aibina #2 and Poa praténsis. In contrast,
the breenhouse; experiments shbwed that AgP&byPon Pipénium
‘—and A. trachYcaulum grew taller on soils _thgf were not
topdressed. Agrostis stolonifera and Poa pratensis grew
equally well on soils topdressed with peat and soils .hot
topdressed. Further; Poa alpina #1 showed no‘preference'for
any topdressing treatment. The differences in the results of
the two experiments indicate that soil moisture- and
temperatUre, which. were contro]led in the greenhouse,
significantly affected the success of a species in:the
f{eld. Otheb'faétors, such as combetitioﬁ between species

and grazing, probably also contributed to the differences.
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Table 10: Comparison of Topdressing Treatment Means for
Each Species in Field Experiments

Species Treatment Percent
< Ground
- Cover!

dJdunipererus Not Topdressed 0 q

horizontalis - Peat Topdressed 0 q

~ ‘ Loamy Sand Topdressed 0 q
Agropyron riparium Not Topdressed 12.50 efg
‘ Peat Topdressed 14.22 bcde

Loamy Sand Topdressed 14.81 abcde

Agropyron trachycaulum Not Topdressed 13.53 cdef
' Peat” Topdressed 16.63 ab
, ’}Oamy Sand Topdressed 11.56 fg
Agropyron sp. Not Topdressed 11.69 fg
. ‘ Peat ‘Topdressed 11.13 fgh
‘Loamy Sand Topdressed 10.94 ghi
Agrostis stolonifera  Not Topdressed 7.00 jKI
- - Peat Topdressed 0 q
Loamy Sand Topdressed 3.53 mnop
Elymus'innovatus Not: Topdressed 0 q
Peat Topdressed 0 q
Loamy Sand Topdressed 0 q
Festuca saximontana Not Topdressed 17.16 a
- Peat Topdressed 8.38 jk

Loamy Sand Topdressed 10.88 ghi

Koeleria cristata Not Topc -sed 8.66 ij -
.+ Peat Tor essed 0 q -
{ Loamy Sand Topdressed 0 q

Poa alpina #1 ~ “'Not Topdressed 15.09 abdc



Poa alpina #2

&

Poa prateqsis
‘Rosa aefcularis
Astragaius sp.
Hedysgrum alpinum

N\
Hedysarum mackenzi i

Elaeagnus commutata

4 e
e

"Not Topdressed

Peat Topdressed
Loamy Sand Topdressed

Not Topdressed
Peat Topdressed
Loamy Sand Topdressed

Not Topdressed
Peat Topdressed
Loamy Sand Topdressed

Not Topdressed
Peat Topdressed
Loamy Sand Topdressed

Not Topdressed
Peat Topdressed
Loamy Sand Topdressed

Peat Topdressed
Loamy Sand Topdressed

Not Topdressed
Peat Topdressed
Loamy Sand Topdressed

Not Topdressed.
Peat Topdressed
Loamy Sand Topdressed

' Means followed by the same letter are
not statistically different at P<(.01

<o)l
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(@) 20 = =¥
D — —

MWW -

75
.97

.78
.84
.16

.06
.31
.09

nop-

mNop
hij

opq
abc
mop

oo
defg

Imn

000

Kim
mnop
mnop
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Imno
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nop
nop
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Table 11: Comparison of Topdressing Treatment Means for
Each Species Used in Greenhouse Experiments

Species

Agrostis stolonifera —

Agropyron ripa: .an

Agropyron trachycaulum

Poa alpina #1

Pca pratensis

Topdressed
Ry

F value insignéficant at 7=<0.01
2 Means followed by the same letter are not
significantly different at P<0.C*

Average
Weight
Per Plant
Treatment (mg)
Not Topdressed 33.18
Peat Topdressed 34.26
Loamy Sand 16.52
Topdressed
Not Topdressed 63.40
Peat Topdressed 49.78
Loamy Sand 33.40
Topdressed
Not Topdressed 87.54
Peat Topdressed £1.94
Loamy Sand 76.02
Topdressed .
Not Topdressed 8.46
Peat Topdressed 9.28
Loamy Sand 5.60
Topdressed
Not Topdressed .5.98
Peat Topdressed 18.30
Loamy Sand 7.44

23.
26.
17.

oo

58
02
82

.36
.28
.10

.4C
.36
.68

.38
64

.22

1.08

122

- Average
Height
Per Plant
(cm) 2

d
cd
e
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The remaining species showed no stétistically
significant preferences for any topdressing treatment. This
was.dhe to total failure in the case of the three shrubs and
Elymus innovatus or because of wuniform success . among
topdressings as with the three leguhes, Agﬁopyrén sp. andkﬁ.
riparium in the - field experjments. No. species showed a
statistically significant preference for the soil topdressed
withvloamy sand. : .,/

The experimenté were not designed té enable‘a ranking
of speciés suitability for revegetating the study site.
Those species - that performed better on  a paJticylar
topdressing treatment are not necessarily better adapted to
‘that topdressing than are otheh species. Rather, they are
simply better adapted to that topdressing treatmept than to
'any other topdressing treétment tested.ol wWhile nof
-necessarily statistically valid, some - trends in . the
relationship between species success and topdreSsing

°

treatments warrant djchssion. 7
The déminant species‘ in Seed Mixture #1, Agropyron
trachycaulum, 'produced’ the greatest - covér: on soils
topdréssed with peat in the field experiments. As discussed
above. it appears as though the soils topdressed with peat
were at least somewhat moister than other tobdressing’n
treatments. In greenhouse experiments, where moisture was
definitely not 1limiting, A. trachycaulum produced as much

biomass on soils not topdressed as on soils topdressed with

peat. This indicates that even though precipitation was well
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above. long term averages, the population of A. trachycaulum
used in the experiments responded positively to enhanced
moisture. Consequently, tHe long ‘term success of this
population if drier, more normal climatic conditions prevail
is suspect. Poa a]pinaA #1 produced mére grbund cover- on
soils not topdresseq than on soils topdressed with peat in
both the field and  greenhouse 'experiments._As discussed
above, the soi}s not topdressed were apparently more fertile
than the otheratopdr;ssing treatments. These Eesults suggest
that during relatively moist growing seasons, P. alpina #1
preferred more fertile soils compared to those that“ane"ﬁore
moist. In the field experiments, this‘ population of‘ P.
alpina performed better on soils topdressed with loamy sand
than those topdressed with peat. This'may be a résult of
greater grazing pressures on the soils topdressed with peat
or to increased competitibn from other plants. The short
growth form of P. alpina would maké it unable to compete for
1ight with the taller A. trachycaulum, which achieved its
best growth on the_ soils topdressed with peat. The only
other species in Seed Mixture #1 which become'esfablished at
the site was Hedysarum mackenzii. It achieved its best cbver
‘ on the plots that were not topdressed and second best on
plots topdressed with peat. These results suggest that the
population used in the experiments was not sensitive to

competition and that it preferred a more fertile site to one

that might be somewhat moister.



125

| Seed Mixture #2 was doﬁinated by Agropynon' riparium
which - produced stightly greéter cover on plofs topdressed
with loamy sand than with.peat. Cover was poorest on bthose
plots not topdressed. ’The opposite was true in the
greenhouse experiments. However, in the figld, three of the
other species 1in the seed mixture produced their greatest
cover on the plots not topdressed. These results. hay
indicate ~that while -A. riparium was not an aggressive
competitor, it wés tolerant to iow fertility and droughty
soils. Koeleria cristata only became established on those
blpts not topdressed. Thé;e is not sufficient informétion to
 determine why Lthis occurred. However, as diécussed in the
next section, the fertility of the site was apparently not
an important factor. Poa pratensis‘performed significantly
better on soils topdressed.with peat than either of the
other treatments. However, in the greenhodse, whére moisture
was not limited, P. pratensis grew as well on soi]é not
topdressed és on those topdressed with peat. This indicates
E thatweQen in periods with above-nofmal pfecipitatiqn, P.
pratensis'responded positively to the ﬁigher moisture levels
that may have’ been available in the sojls topdressed . with
neat. Consequently, the population of P. pratensis used in
the experimenfs did not appear to be drought tolerant and
'its long term success is questionable. Agrostis stolonifera
did not establish in the field on soils topdressed with
peat, while in the greenhouse experiments it produced its

 ?

‘bést growth on these soils. No explanation for these

T
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contradictory results can be formulated from the data. The'
legume species in Seed Mixture #2, Astragalus sp., responded
_similarly to Hedysarum mackenzii, achieving»its best cover
soils not topdressed and its poorest cover on those
topdressed with lqamy sand. It appeafs as though 1in moist
seasons, this population also preferred a more fertile site
to one that was somewhat moister. |
Two . species were predominagiylin Seed Mixture #3,
Agropyron sp. and Festuca saximontana. Agropyron sp. showed
no preference for any topdressing treatment. The population
apparently has a wiée ecological amplitude. F. saximontana
- produced its greatest ground cover on the plots .not
topdressed and poorest on those topdressed with peat. This
populatibn was apparently quite drought tolerant. Its poor
'ﬁenforhance on the soils topdressed with peat may be due to
greater Tgrazing pressufes on these plots or to increased
competition from Roaqgipina #2 and Hedysarum alpinum, which
both Vachieyedltheiﬁ_beét cover on this treatment.-P; alpina
#2 did poorly on both other topdressing treatments,
suggesting that the bopulatidn was not drought tolerant. H.
‘alpinum performed well on the plots not topdressed and
consequently may be somewhat more drought tolérant'than P.
alpina #2. However, it did appear less-tolérént to drought
‘than either of the other legumes. h
The amount of cover phovidéd by non-seeded species
appeared to be related to the type of topdressing. The plots
topdressed w{th loamy sand had more volunteer plants than
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the plots topdressed with peaé.'The plpfs not topdressed hed
the fewest volunteer piants. While it appeared as though the
amount of cover of non-seeded species was inversely related
to percent ground cover from seeded species, an examination
of fertilized and non-fertilized plots, as discussed below,
indicated that this was not the sﬁtuetion. It ﬁay be that
the two'topdressings contained more seed than was present in
the eoils not topdressed. The poor natural seed source at
the study site would not provide as much seed as ;may have
been available at the source of the topdressings. The
greater amount of volunteer plants on,the plots topdressed
.with loamy sand reletive to the plots topdressed with peat
may be due to either a greater amount of seeds or a greater
proportion .of seeds of species ‘qdapted to this xeric

environment .

5;5.6 Long Term Potentials
- Two years of ‘data are ineufficient to eccurately
determine the long 'term ~success ‘'of the topdressing
treatﬁents. Variations in weather from year‘ tg year a]ter
;henegonﬂitions that may favour a par;ieUlah topdressing
treatment. Nevertheless, some predictions can be made‘oh the
basis of data collected. | | "
The potential for the peat topdressings to benefit
revegetatjdn by enhancing moisfure retention should have

been manifested in the first two;grdwing‘ seasons. Enhanced -

moisture retention 'in the shallow topdressing would have
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.been of most benefit to the germinating seedling and the
juvenile planf. After iwo gfowing seasons the plants should
" have established a considerable portlion of their roof
fbiomass'below the 10 cm»of peat enriched soil. Consequently:
enhanced moisture in this surface material sﬁould be of less
benefit in future yeérs. If the roots do tend to concentrafe
in tﬁe peat topdressing, the peat may produce a negative‘
effect by encouraging shallow rooted plants that are
‘susceptible to even short ?eriods of drought. A shallow'
rooting habit was postulated as an explanation for the sharp
decline in ground cover on .the soils fopdressed with peat in
the droughty month of August 1978. A much greater depth of
peat, such that deeper roots would bénefit from improved
moisture, may be necessary to enhance revégetatiqn in the
long term. Research by Logan (1?78)\ ahd 'Simard.(f968)
indicated that somewhere between 25 and 66 cm may be &
minimum depth at which peat must Be applied to improve soil
moisture and.blaﬁt growth ip‘the long term.. .

While several chemical changes will likely occur in the
peat, it is not anticipated that‘ overall fertility will
improve Significantly. As the fibric peat decomposes, more
- humus will form and humus has a greater CEQ than fibric peat
(Brady 1974). anseqﬁently, the ability of peat to buffer
changes. in pH and to retain available nutrients may
increase. Decomposition of peat can also release %mmobi]ized
elemental sulfur and sulfates wﬁich can ultimately reduce

s0il pH and increase fertility (Tisdale and Nglson 1975).
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However, loess deposition at the site appears to be nearly
continuous so that reductions in pH wéuld -likely be short
lived. Furthermore, the nutrient content of peat has been
proven to be very ~Tow (Massey 1972, Logan 1978) and
availablé' nitrogen has been found to be largely immobolized.
byvmjérobrganisms as'they decompose the peat (Cundell 1977i.'
Soil 'temperature characteristics of peat may also
affect ;evegetation‘success in the long term. A delay in
early spring growth on séils topdressed with peat was
postulated to have- resulted from cool spring soi].
temperatureg. This may cause delayed maturity of the plants:
- which could produce occasional sharp deplines in ground
cover due to extensive winter Kill. In extremely droughty
*@ears, peat topdressings could resu]tiin lethally high soil

temperatures.

H

Cd%sequéntly, it is . probable ~ that the shaliow
topdressing witﬁ peat will not benefit revegetation in the -
“ long term and may produce an avéﬁall negative "effect. The
rate of decomposition will determine the length of time that
peat topdressings wi]] affect plant coveﬁ.wlfr decomposition
of organic VmattéF“’exceedé detrital Snput, then the péat~
‘ eventually will be depleted. However, if the rate of
detrital input eduals or exceeds the rate of decbmposition,
the effect of peat will persist. |
The Jlong-term effectiveness of loamy sand topdressing
will be.detérmined largely by its ability to retain soil

ﬂoisture. A general reduction of plant cover relative to the
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other topdfessing treatments 1is anticipated to occur as
precipitatioh in the growing season declines to near the 30
‘year average level.'The~fertility of the soil wfli Probably
--not change significantly. There are almost no organic -
sources of nutrients in the topdressing to enhance
fertility. Furthermore, the'alkaiin%ty of the 'lbamy sand
topdressing will 1likely not change since the solubility of
lime limits pH to near the present level of 8.5 (Brady
1974) . | |
.Cénsequently, planf cover on plots not topdressgd will
likely lremain the same or fncbease relative to other
topdressing treatments. Any improvement in cover on sbi]s
not topdressec e _ive to those topdrgssed with peat would
be a result of shallow roe}ing of plants or Ladversev soil
temperatures on peat soils. An increase in cover relative to
soils topdressed with loamyvsand would be due to the better
moisture holding capacity of the original soils. As with
loamy sand, fertility will ﬁot likely change significantly
since soil pH is already near the maximum associated with

non-saline soils and the soil is low in organic nutrient

sources.

5.6 Fertilizer Treatment

. The application of fertilizer at the time of seeding
significantly improved percent ground cover during both
growfng' seasons (Table 12). The fertilized plots averaged

about 6.5 percent greater plant cover on all samping dates.

ki
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Greenhouse experiments showed that plant weight and height
were also improved by applying fertilizer. Consequently,
fertilization proved to be an effective means of imprOVing

_revegetation.

Percent Average ~ Average .
. Ground . Weight Per Height Per
~
Unfertilized ©26.92 15.42 16.73
Fertilized . 33.73 54.32 28.90

' Percent ground cover values are from field
experiments .and weight and height y1elds are from
greenhouse experiments

2 A1l means are significant]y qifferent at P<0.01

In both the field and greenhouse experiments, the
application of fertilizer inhibited germinationﬁand inital
growth rates. One week after seeding in thé greenﬁouse, 102
seeds had germinated and emerged in the unfertilize:z pots in
comparison to 21 .emerg;nts in the fertilizer pots. The
fertilized piants were .alsd shorter than the unfertilized
: p]ants for the first four weeks of the éxperiments' (Figures

12 14

&

, 16, 18 and 20). Similarly, in the field experiments,

-emer gence was supéribr on the unfertilized plots four weeks

AN
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after seeding.

“he negative effect of fertilization was. however.
short-ilved. Five weeﬁs.after seeding 1n the greenhouse and
nine weeks after seeding 1n the field. plants, were
Vdeveloping bette; on the fertilized treétments rurther. the
fertilizer did ncot seem to affect the number of seedS that
uitimately germinated ancd emerged.

"he delay in germination was likely a ,Egsult of ﬂthe
osmotic effect. of fertil{géf“$a1ts. particularly nitrogen
saits. Ls the salts pass into solution. they decrease
csmotic potential in  the so}] 'Tisdale and Nelson 1875,
Consequehtiy. the mé;émght of sgil water to the seed and the
ability of the seed to absorb water are impaired. However,
moisture was apparently abundant enough evgn in the fie]dA
experiments to overcome the effect of the feftilizer saﬁté.
in a drier season, the ferti]izer- ;reatment may have
u]timaiely reduced germination.bélthough*Bauer et al. (1978)
found that only at rates of 1120 kg of nitrogen per hggtare
were grasses-seriously affected on-semi-arid grasslands.

Bidwell (1974) reported that excessive amounts of
nitrogeﬁ can result in the formation of blants with thin
cell walls and weak stems. Thié rendegét the plant more
susceptible to disease or climatic stresses. However, a
comparison.of the weight of plants per éentimetre of length
showed that the fertilized plants weighéd 1.87. mg/cm in
~compar ison }to 0.92 mg/cm for unfertilized plants. Thé

fertilized plants must have been thicker and likely stronger

2
k)

{
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than those not fertilized.
- Bidwell 119741 also suggested that excessive soil
fertility, 'particularly with respect to nitrogen, can delay

seed production and crop maturity. However. in both the

field and greenhouse experiments seed production and :

maturity were enhanced by fertilizer application. Seed ' was

abundant on the fertilized plots by June 27-30, 1878, while

it was almost absent on the unfertilized plots. No seed was’

produced by the plants in the unfertilized pots in the
greenhouse, but 31 plants in feﬁti]ized pots had seed. At
the gpd of both experiments tHe fertilizéd plants had éured
to the same extent as the unfertilized plants, ihdicating no
delay in maturify. .

Sfudies by ZiemkieWicz (1979) and Bidwell (1974},
indicate that fertilization, particularly with nitrogen,

decreases the root/shoot ratio. Ziemkiewicz (1979) found

that on montane grass&fnds. fertilization stimulated'shoot

production at a time when soil moisture began to limi shoot .

‘.bioﬁass. Any additional shoot production‘died and was added
to the detrital pool. Ultimately, this left the roots ~with

less. biomass ’whéh”-roo;§.ﬁwere_‘most important. In the

greenhouse experiments, shoot prd&ﬁétion was sighificant]y,‘

greater on the fertilized treatments; however, root biomass
could not be measured. Consequently, the validity of

ZiemKiewicz’'s (1979) and Bidwell’'s (1974) studies cannot be

determined from the data collected. Furfher, above average

. ! :
moisture in-both growing seasons, reduced the possibility to

Y



139

observe any moisture stresses imposed by a decrease in
root/shoot ratio. As discussed below, since the effect of .
fertilizer applicati%h on soiJ‘.ferfility was apparently
négligible after two growing seasons, root/shoot‘ ratios
would 1likely return to normal and no long-term impacts are

implied.

5.6.1 Soil Tests

The results of the soil tests taken from both the
fertilized and unfertilized halves of all topdressing
treatments at the end of the second'growing season do not
~explain the beneficial results of the fertilization (see
Appéndix C!. All three fertilized plots. were as deffcient in
nitrogen and phosphorus: as the plots not fertilized.
Further, the application of the acidi%ying fertilize#} did
not reduce soil pH. Sulfur levels were, howevef, Slightly~'
higher on the fertilized plots. Takyi and Russell (1980)
also ~.7d no 'eVﬁdence of increased feftility two years
after apolicatioh of fertilizer (80-40-80 kg/ha) on mine
tailings it Cadomin, Alberta.

The soil test result§ were only for depths to 30 "cm..
While this is the zone wheré root development is most
concentrated, rdots can develop well below ) 30 cm.
' Conseqqehtiy; any beneficial effect of fertilizer on soils
below the sampled depth Could Dot peldétected.

From the data collected, it is not possible to

determine guantitatively the fate of the applied nutfients.

N
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However, there are several possible explanations for the

A

loss of nutrients from the wupper 30 'cm ofﬁ the soil.
Obviously, some of the available nitrogen was absorbed and
synthesized by the vegetation. Rowell (1879) found that once
plant root systems are established, up to 160 kg of nitrogenl
per hectare can be absorbed b plants in a single year and
estimated that 42 percent of 180 Kg/ha of nitrogen was taken
up by seeded grasses in one growing season on Athabasca 0i1l
Sand tailings north of Fort McMurray, Alberta. The greater
ground cq;ir and taller plants observeé‘on the fertilized
plols provide evidence that some Q? the applied nitrogen was
utilized in the manner.

A significant amount of nitrogen may have been lost to
direct | volatiz;tion of ammonia gas..Ammonium salts in an.
aqueous alkaline medium can react as follows (Tisdale and

Nelson 1975):

4 4
4 2 3

Free ammonia gas eScapes. Losses: from the reaction are
enhanced by high soil tempebafure and rapid evaporation. The
conditions | conducive to high soil te@peratu?e . and
evaporation existed duriﬁg both‘growing seasoﬁs in which the
fertilizer Qas applied. Losses as great as 36 peﬁcent of

applied ammoniuh have been repdrted by Tisdale and Nelson

¢
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|
(1975) on soils containing only 0.25 percent CaC03. Further,

‘Russell (1973) suggested that, under extreme circumstances,
. volatization of ammonia can conceivably cause the.»loss of
all ammonium nitrogen preéent ’in the soil. While the
enhanced grqwtﬁ on the ferti]izéd plots indicates that some
- nitrogen was taken up by the plants, volatization likely
contributed significantly to the loss of nitrogen. The loss
of ammonia gas was probably aggravated by placinggihe -
fertilizer on the soil surface where' the diffusion \of
ammonia to the atmosphere is unrestricted (Brady 1974)?
Incorporating the nitrogen into the soil would have reduced
the potential for volatile losses. _

Some of the applied;nitrogen was probably leached below
the 30 cm depth from which-samples were collected. Although
ammonium‘nifrogen is not highly MObile. the conQersion .of
ammonium to nitrate nitrogen .w111\\oécur'host rapidly in
well-drained, well-aerated, warm soils with a pH near 8.5'
(Tisdale and Nelson 1975)l THese condit%éﬁs exist at the
study site. The nitrate ion ~is highly mobile  and easily
leached 'out of the'éoi]. The above-average precipitation in
both years may have'encouraged the process. -

As discussed in the previous section, the decomposition
of organic‘ matter by microorganisms can result in a
depletion of available nitrogen. This may have been of some
significance on the peat topdressed plots, however, it does
not explain the lécK of available ﬁitrogen on the fertilized |

plots topdressed with loamy sand or those not topdressed.

.

o]
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Under certain circumstances, nitrogen can be lost
thropgh -ammonium fixation or denitrification. bHoweverr'
ammon i um fixation is of significance only in soils rich in
negatively charged clay or organic matter (Tisdale and
Nelson 1975). None of the treatment soils had large amounts
.of clay and ohly the soils tquressed with peat had
.significant amounts of organic matter. While some ammonium
fixation could have oceurred in the soils topdressed with
peat, Tisdale and Nelson (1975) believed that ammonium
fixation - is generally of little significahce.
Denitrification is an anaerobic process usually induced by
waterlogging of soils (Tisdale and Neleon 1975). The high
permeability of the coarse-textured soils on the plote.
including those under the ;oiis topdressed with peat, would
prevent such conditions from occurring.

Phosphprus was elmost completely unavailable two
growing seasons after appTicatiop of more than 150 kg/ha in
a water soluble form. A considerable amount of phosphorus
may have‘been absorbed and synthesized by the plants. Rowell
(1979) estimated that between 15 and 31 percent of applied
phosphorus (150 kg/ha) was taken up plants’ in revegetation
trials on Athabasca ’Dil Sand tailings. The remaining
phosphorus was likely subjectlto fixation.u Russell (1973).
found that ammonium-phosphorus'fertilizers dissolve easily
and that the phosphorus can forh chemical precipitates with
iow solubilities. In alkaline seiij ihe activity of calcium

s generally high and the mos t common fate of phoSphorous is
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the formation of éalcium diphosphate precipitates, which
plants are unable to absorb (Tisdale and Nelson 1975).
Furthermore, the high levels of free lime in the soil may
have' resulted in the prectipitation of phosphorus on the
surface of these particIes,‘the end result of which is the
>formation of insoluble salts (Tisdale and Nefson 1975). The
problems of alkalihity and free ‘lime in the soil are
compounded by apparent ly continuous calcareous loess
deposition. Banding the feﬁfffizer below the soil surface
may have proﬁed beneficial. .

Studies by Fox and Kamprath (1971) have shown that
phosphorus in sandy soils and those rich in peét can be
subject to losses through leaching. However, leaching losses
are of significance any when these soils are acidic and
lack aluminum and iron compounds, not when the soils are
Highry alkaline such das at the study site. |

‘The addition of sulfate sulfur appears to have
| increased the level of sulfur in the soil %yen two gnpwing
seasons after app]ication; In all thdressing' treatments,
the level of sulfur was higﬁer on the fertilized plots.
Sulfur levels were highest in the soil topdressed with peat.
Since sulfur levels were also Higher on the unfertilized
peat pjots than on the fertilized plots of eithér other
topdressing treatment, it apﬁears as though elemental sulfur
and sulfides, which are common in peat soils contributed to”

the higher levels (Tisdale and Nelson 1975).
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éﬁlfate lossgs from soils are generally due to leaching
(Tisdale and Nelson 1975). Because of its anionic nature and
the high solubility- of its common salts, such as calcium
sulfate, 1ea¢hfng\losses of sulfates are genérally high
(Tisdale and Nelson 1975). The somewhat higher level of
sulfates in the subsoil samples of both coarse-textufed
topdressings indicates that leaching was of some
significahqe on these soils. Sulfate. levels were not higher
in the subsoils of plots ‘tgbdresséd with peat. This
iqdicates that -leaching waé not as extensive on soils
topdressed with péat, which generally agrees with research
by Chao et a{. {1962), in which organic matter was shown tb
enhance retention of sulfates.

The addition of amonium sulfate fertilizer did ~not
significantly affect- spi] pHA after twq years., \TQS
volatization of ammonia would have reduced the amount of
ammonium available for nitrification, an -acid forming
process. Furthermore, the leacﬁed sulfate salts could not

‘hfoﬁtribute to the acidificéjjph.df the soi]. Consequent ly,
-while the amount of acidifying fertilizer that was applied
to th;, plots was high, the. amount ihat was available for
acidifying the soil may have been relatively low.

The slightly lower pH on the fertilized plots
topdneésed with peat relative to‘thoée not fertilized may
have been due to two factors. First, the peat topdressing at

the time of application was acidic in nature. The acidic

condition would restrict volatization of nitrogen and allow’
N .
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a greater amount of ammonium to nitrify. Secondly, the soils
topdressed with peat may have been able to retain more of
the applied sulfateszvNevertheless; the effect of applxing
acidifyjng fertilizer was prébably significantly negated. by
the large amouﬁt-of soil bases at the site and by depés{tion

. of calcareous loess between application and soil sampling.

5.6.2 Grazing an

\ Grazing activities were observed to be somewhaf more.
intensive on the fertilized plots. It is likely that.the
ferti]ized;blants were mére(nutrient-rich and palatable than:
thé_‘ﬁnferfiliiéd plants (Maduran. 1979) . In the long ferm,
_these activites may gradually reduce the -fertility of the R
site’~by removing some of the organic ﬁaterial available for

‘nutrient cycling. Furthermore, any improvement to the
. Ey B .

physical characteristics or microclimate of the site
associated with the greater plant biomass of the fertilized

| J
plots eventually may be negated. Ultimately, selective

R

grazing on fertilized plots: may offset any -beneficial -
effects resulting from fertilization. Further, by

selectively consuming the more palatable species on the

ferti]ized plots, grazing aﬁimals cén reduce the diversity

of the comminity. )

'5.6.3 Species Responses

The application of fertilizer signi;icantly_ affected

the sitcess of most species in both the field and greenhouse
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experiments -(Tables 13 and 14). In thé field experiments,
most species that became established at the site benefited
from fertilization. The .exceptions were Agropyron riparium,
. Koeleria cristata and thé three legume species. In the
greenhouse experiments, kPoa alpina #1 did not respond to
fertilization, while all other species did. Those species
that did not benefit from fertilization are not hecessarjgy
better adapted to the matural low fertility of the study
site. Other é;ctorsf such as. increased competition, the
method or rate of fertilizer -m»lication and increased
grazing pressures .may have influ¢ . the results.

‘A decrease in the diversity of the plant community has
been reportéﬁ as é result of fertilization of seeded native
grasses {(Mains 1977, DePuit and Coenenberéb 1979). This
decﬁease in diveréityl Was,a‘he§q1t of doﬁiﬁance of dne or
two species uqder high fertility. However, .in fhe field
expefiments, the'percent gfound cover was not significantiy
lower fof any speciés when fertilized. Rather, diversity was _
somewhat increased as a result-of the ground cover provided
by Agrostis stolonifera on fertilized plots. The species was
almost completely unsuccessful on unfertiiized plots. Tayﬁi
and Russell (1980), reported  similar results wi th the
greatest diversity of nirtive species .being._achieved at
levelé‘of fertilﬁzation intermediate to no ‘Fertilizér or
very high levels of fertilizer; J _ ?

Research by DePuit andf Coenénberg kTé?Q\ and ’Roﬁell
(1879) showed that njfrogen  fertil{zatiOn significantly



Table 13:

Species

Juniperus horizontalis

NS
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Comparison of Fertilizer Treatment Means for
Each Species in Field Experiments

Agropyron riparium

-

Agropyron trachycaulum

Agropyror sgp.

Agrost is_stolonifera

~

Elymus innovatus

|

Festuca saximontana

Koeleria cristata

Poa alpina #1 -

Poa alpina #2

Poa pratensis

Treatment

unfertilized
Fertilized

Unfertilized

Fertilized.

P

Unfertilized

Fertilized

Unfertilized -

Fertilized

Unfertilized
Fertilized

Unfertilized
Fertilized

Unfertilized

Fertilized

Unfertilized

Fertilized

Unfertilized
Fertilized

Unfertilized
Ferti]ized

Unfertilize.
Fertilized

™~

Percent
Ground

s el
W= | oo

A W

~ o

Cover'!

.38
.31

.90
.92

.06
.44

.44

.92
.73

.52
.67

bc
ab



Rosa acicularis Unfertilized "0 n
N Fertilized 0 n
Astragalus sp. ~ Unfertilized : 4.21 13K
Fertilized . ’ 5.44 hij
Hedysarum alpinum . Unfertiiized - 3.13 K1
' Fertilized - 4.96 hijK
Hedysarum mackenzi i Unfertilized 3.42  jKI
- B Fertilized 3.21 ke
Elaecagnus commutata Unfertilized , 0 n
: Fertilized 0 n
' Means followed by the same letter are not _
statistically different-idt P<0.01. | o

SN
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Table 14: Comparison of Ffe~tilizer Treatment Means for
fach Species Used in areenhouse txperiments'
Average Average
weigh weight
Per Per
Plant - Plant:
Species Treatment (mg) - (cm) ¢
- Ag »stis stolonifera unfertilized 12.08 de '5.B67 e
' ) : Fertilized 40.88 ¢ 29.35 b
Agropyron riparium  Jn¥ertilized 20.47 de 25.00 c
- Feftilized TT.23 b 44 .83 a

~

Agropyron trachycav'ur unfertilized . 27.°7 cd 24.75 ¢

“ertilized .. . ‘2Z.'& a - 42.8f a

Poa\alpina #1 ' w-onfertilized . = T2 e £ . g
C fertalized . Y E.7Z e €.67 g

Poa pratensis  ~  ‘Unfertilized . £.85 e 11.8 f
: "Ffertilized 2'. €3 de 20.76 d

' Means followed by the same ietter
significantly different at P=<(. CT-




«fﬁ1ncreased compet1t1on These results imply that plant cover

seeding.
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decreased legume establishment. In contrast, Regier (1973)
determined that "~ammonium nitrate app?ﬁed at 135 kg/ha

increased the establishment and growth.,of altalfa and
§ »,)f .
concluded that the nitrogen benefitedﬁ the-1§gume at . the

- v RS

Juvenile stage prior to nodulat1QM -un the field
experiments, the application of fe&JaJ1zer did  net =
significantly affect. estab11shment : of A‘the 1egumes. -j@fhf

Furthermore no effeci on nodulation of legumes was evident,
since no nodu1es were observed on ‘any of the sampled;ﬁ;
legumes, 1nc1ud1ng those on unfert11lzed plots This lack ofdi
response was probably due to the ]egumes having become‘
establ1shé§ in the second grow1ng 'season when soil analysws
1nd1cated that the n1trogen fertilizer 4was ho fonger
ava11ab1e in the squace 30 cm of ‘the soil. However, it is
also poss1b1e';fthat any negat1ve effects iof nitrdgeh
application wetehpffset by benefjcia];~effects.'of ,ehhaneed :
phosphorous and’ su]fate availability. | u

Mo;e‘plants of non- seeded speC1es were observed: on.tthe"

v

fert1]ized plots than on unfent1l1zed plots. "It appears as s

though the invasion of these . p]ants ‘benefited more:- from"'

}xhereased gertility than it was adversely affected by

j

may have been 1mproved by fertiiizing the s1te even without -

.y

I
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5.6.4 Long Term Potentials

The long term effects of the fertilizer application are

difficu't to assess. Ofher than those nutrients that aay

have been leached to rooting depths below 30 cm, none of the

DEN .
fﬁpplied fertilizer was available for plant absorption by the

end of the second growing season. Research by Gates (13862)
and VYounKin and Friesen (1976) found that while
fertilization ﬁmproved initial seedling establishment, the
effect was diminished or non-existent after two growihg
seasons.'However; there was nd significant decrease in pl: t
cover on the fertilized plots relative to the unfertilized
plots throughout tgpvsecbdd season. Wh11e these data are too
limited to be conciusivef it s poss1b1e that a more
prodUctive pfant-ngtrient. cycle lhad been.estap]ished]that
would support more ground cbver .fHan coﬁ]d‘ exist on y

unfertilized areas. The increased plant biomass on the

fertilized plots meant that much of the fertilizer had been

‘»immobjliZédM as organic matter. The rate of degompositioﬁzof

" this increment in organic matter, and subse-uent release of

b]ant available nutrients, appears to have been rapid enough
: 1 ‘ .
to sustain the improvement in ground “Ccove~ in ‘the  second

~

‘growing seascn. The app]icaifon of. fertilizer may also

pr@duée a long-term : improvement in )the physical
characteristics of the"soil as we11'as an amelioration of
the mwcrocl1mate of the s1te Phys1ca] character1st1cs such

as 'mo1sture holdzng capacnty would be 1mproved as a result
-2 )
{ge increased organ1c bvomass in ~ the soil. " &n

/

‘(.
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amelioration of soil temperature, decreased wind speeds and

increased abi]ity go&ﬁfép and‘retain water would be provided
by the taltler piﬁgya% and greater ground cover on the
fertilized p]ots#\w?urthermore. even two growing seasons
after applxcat]on, the fert1lxzed plots produced more seed
than the unfertilized 'piotQ The- uproduct1on of seed has
important implications with reSpéfgan>ma]mta1n1ng cover on
the SItef in the long term as wef\wﬁs colon1z1ng areas w1th
lesser ground cover . gonsequently, ‘although soil test
results do not support the tpeory, tﬁe beneficial effects of
fertilization may persjjt for severa) QQars. |

7 | : 9 ' *\\
5.7 Topdressing and Fertilizing

Statistica. analysés determined that the comb ined

feffect of topdressing and fertilizing significantly affected -

v !

percent gfguﬁd cover in the field and the height of plants

- 3 ,
inc. the greenhcuse. While theré appeared to be -  large

differences in weight yields. these were determined to be

statistically insignificant. The lack of significance in

, weigﬁﬁ yield probably was due to a smailer ™population size

than for the other respondant variables '“able 'S -Figures

17, 1@, 20, 22, 28 and 24 .

-
4

“he. unfertilizec soils topdressed w:th loamy sand

produced tﬁeApoorest results in both fieid = reenhouse
_ . _ a

exper1ments The unfer?iiized soils that-were not topdressec

‘were super.or but skat suwcalxv equal . the unfert:lized

ST S iopdressed with peat. [n greennhouse experiments,
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nitrogen defié%ency symptoms (chlorosis 6? Lyoung and old
1eave$) appeared five weeks after seeding on unfertilized
~ soils fbpdressed witﬁ- loamy sand; .after six weeKs on
unfertilized soils topdressed with peat and after nine W%SKS
on unfertilized soilé not t0pdressed.‘ Since .so%l moisture
and soil'_temperatqbe wefe not limiting> fac{ors;.in the
‘greenhouse_ experiments, -the results indicate that the
differences in responses were rélated to differences in thg
inherent fertility of the soils. | ) |
R"”»Even when fertilized, the same general trends were
edidggg. The fertilized soils topdressed with loamy sand
produgéd pooFér resuits than either of the other fertilized
tobdressing\ treatﬁents in both field and greeﬁhouse
’exberiments. fhe““ferti]ized soils that were hot‘topdressed
produced more ground'covér .ﬁﬁ the . fjeld and the- plants
weighed more in  greenhouse experimeﬁréj _ than other
treatments. The fertilized soils topdresséd- with peat,
hdwever, péoducéd taller plants and moreléeed:in greenhouse
experiments. It is not possible to determine the reason for
the djjfeﬁenéeé in height and weight results from ihe data
coljecf;a. Furthermore, the twp treatments. were not
stati;tically‘differeht in either experiment.
| | There are several reasons why the trehdsvestablished on
unfertilized soils 1in the greenhouse perSisted even when
fertilized. It is possib]e, that due to éVolétiiation of
“ammonia and phosphorus“fiié%ion that, even at the high rate

of & dlication, fertilization did rot overcome differences
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<

in inherent nitrcgén and phosphorus deficiencies. Other
nutrients, such as magnesium, iron, managanese, cobalt or
boron, may have been most deficient in loamy sand
topdressing.‘ Soil tests were not.‘conducted for these
elements, so the validity of this‘\statement cannot be
deternined. A further explanation may be that the general
tilth of the soils not tobdreSsed favoured’grass production
cverg those topdressed\.with- peat or loamy sand owever ,
since-all soils were ptedominant 1y structureless and npoting
depth was restricted by the depth of the pots, dlff:>eq\
in tilth would 1likely not be pronounced in greenhouse
exper iments. \ :

Fertilization had the greetest ‘beneficial effect on

so1]s topdressed . th loamy sand Ground cover 1ncreased 58 -

, percent average plant weight . 620 percent -and Nﬁ1ght 147
-percent * over y1e1dsv achieved . on unfertilized soils
topdressed with loamy sandt In comperison, ground. cover on
fertilized soils mot topdressed increased 19 percent, weight
124 percent "and height-_30 percedf??%duer yields on
unfertilized soils. The dramaticA“ response of soils
topdressed with loamy._sand to ferti]ization‘ is another
indication of the Ilow inherent’fertility of these soils.
Although in the field experiments, fertilization produced
the largest increase in grdund cover’on soils topdressed
‘with loamy sand, the - fertilized loamy sand s$oils stil]
Aproduced less ground cover tnan the unfertilized soils of

other topdressing treatments.7.The coarse texture of the

o

es

e
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e

loamy sand soil }E\ﬂot conducive to retention of moisture

\

and it is probab]e that eyggﬁdpring the relatively moist
growing season, available soil”J@ater ‘was ultimately more
ﬂlimited in soils topdressed with Jloamy eand than were
nutrients. Consequentiy, the full beneficial effects of
.increased fertility could not Ee realized in the field. In
the greenhpuse; moisture was not limited and the fertiiized

sof]s topdressed with Toamy sand . outperformed the

(1978) found similar results in revegetation experiments ‘on
semi-ar{d grnsslands and concluded that moisture is ‘often
. more 1imitee than nutrignts on coarse soils.

In greenhouse expeﬁiments, the fesponse to
fertilization of soils topdﬁessed with peat was greater. than

that of soils not topairessed, whicﬁ indicates that the peat

was originally less fertile. However, in field experiments -

peat did not reseend ag'well to fertil?zeifon as the soils
not topdreseed.%é}he' difference in !the results mey be
attributable to the pH of thg soils tobd:essed with pegt at
the time of application. In the greenhouse, fertiiizer'Was
applied to peat that had become alkaline.  Through
nitrification and release of sulfates, the fertilizen.may
have lowered pH, thus reducing “fRutrient deficiegeies that
were gnduced by the alkaline conditions. In contrast, the

peat topdressing was probably still acidic - when ferfiiizer

was.applied in the field. A reduction in pH frem application-

of acidifying:feﬁtilizer would not benefit soil fertility

2

A

unfertilized soils of the other treatments. Bauer et al. °

e
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under acidic conditions to the same degree as it would under
alkaline conditions. |
Collectively. these data indicate that the fertility of
tﬁe soil generally wés more important than moisture-holding
capabiiity or other physical traits. The  topdressing
treatments that ’demonstrated.greafer inherent fertility in
greenhouse experiments generally were the most su-cessful in
the field. Had driér, more normal conditions prevailed, the

results may . have been different and moéiture-holdigg
capability may have proved mbretsignificant than fertilityf‘

vt \

5.8 Seeding Methods ‘
‘The seeding methods used in the field experiments did

e
EAVEN

not affect overal1v percent ground cover. Statistical

analyses determined for the entire 1978 growing season,ahd-

for the last three sampling periods, that the differences in
percent ground cover achieved by the four seeding methods
were insignificant. In the first growing season, differéncés

in  the establishment of plants .were observed, and

statistically‘significant differences were calculated for

the spring sampling perion}JUne-3-6) in the §econd.growihg ‘

season (Table 16). However, the effect of the treatments had

‘_dimfnishéﬁ by the end ‘of--dune, and it appears that the

encroachment of established 'végetation. both seeded and

unseeded, onto poorly vegetated sites eventually reduced
qifferenées in initial establishment. Fuftheqmore,' seeding
“me tHods did - not affect establiShment:among species. This

o3

if"gl "
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contradicts results achieved by Plummer— et al. (1955],

DePuit and Coenenberg (1979) and Sadasivaiah and - Weijer

(19801. - Al species, regardless of seed sﬁze, responded
similarly to a given method of seeding. ;
Table 16 Compar ison of Means of Seeding Methods
Per. nt o . Percent.
Ground Cover Ground Cover

seeding Method (June 3-6, 1978)' (1978 Average)? -

Rake f' 25.76 a 32.00
Broadcast = YW 25.14 ab : 30.85
Pack 5 23.13 b- 29.32
Muilch : - 20.76 ¢ : 29. 11

D T T T e g P ey

1 Means followed by same letter are not
significantly different at £<0.01

2 Treatment was not significant at P<0.01

o m e e e o e o e M e e o e e e m e e Em s T e e e e e e o he e = A e o e = e e e e me e e -

The effects of see&iﬁg'methods were at least partially
negated by favqurab1e growing conditions in both growing
~ seasons. Weather .wa$ conducive to the estainshmént of
vegetation regardless Sf seeding mefhod. Improvements;to the
seedbed from a particular segding‘methodeould nofihééé g;en*
as evideht under thése qonditions._asuthey may Have been
under harsher conditions. Nevertheless, some ‘discussion

- regarding the effectiveness of seédihg method treatments is

warranted.
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Raking proved to be the best overall seeding method.
Theoretically, the main beneficiél effect of raking is the‘
prevention of seed désiccation idohnstoh and Smoliak 1877).
However , the above-average precipitation and
Jower-than-normal tgmperatur?s WOuid minimize the potential
-forl desiccation‘,from ahy seeding method. Furthermoré;
rolling and leching also neduce seed desiccation, but were
inferior @6 broadcast seedgng for which desiccatién is a
common cause of failure.’Burying.the seed by raking-manyQQe
~educed the amount of seed blown off the sit or consumed by
animals. However, broadcast seeding was %Ze mthod that
offered the least protection to the seed and:ggéyegiﬁo’be

N A -

Ke- '
. -appears.

better than mulching or rolling.. Consequent 1y,
L’Jthat seed desiccation and removal of seed by wind or animals
were .not important factors. v T °
The main effect of 'réking the seed into the seedbed
~appears to have. been related to. better placement and
" retention of ferti]izer. Raking the seed and fertilizer into
the seedbed would have reduced the. amount of seed-fertilizer
contact. ~The detrimental effects that fertilizer can exert’

on osmotic pressure and soil moisture availability would be

partially overcome by mir~ "—ing contact. Furthermore, by.
burying fertilizer, the ation . of"émmonium' wou ld
likely have been inhi. 50i1 particles above the

ferti]izér phySiCal}y restrict the diffusion of ammonia ‘to-
the atmosphere (Brady 1974) . 1Consengntly. more nitrogen

would be retained in»the soils that wéré‘ raked than. those
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where the fertilizer was left on the surface. Tahle 17 shows
a significant improvement 1in ground cover on raked and

Lt

mu ched blots when fertilized. A much smal]e} improvement
was ¢ sident on treatments where the fertilizer w;s left on
the Lurface.

Fur ther evidenee of enhanced nitrogeh retention was
provided in‘comparisone Qf eeeding methed and topdressing

. treatments. Raking = the seed info the .seedbed' was the
-superior me thod ofveeeding on soils topdressed with peat and
thg soils topdressed with loamy sand (Tab]e 18). Greenhouse

experiments had indicated that theee topdress{hgs were less
fertile than the soils not topdressed and enhaneed retention
of nitrogen would have been more beneficial on'ltheSe SOiis
with lower ﬁertﬁlify. ',

Broadcast seeding prdved to be the‘secdnd best seeding
method overall. - On unfertilized plots andjethose not
topdressed, broadcasting was t' *st method} and had the
system of fertilization‘been a..cred, broadcast1ng the seed
may have proven 'most fsuccessful. No explanat1on - be

»provided for the success of Vbrbadcast seeding on these
plote Raking the seed may have placed some seed ét ad
1nappropr1ate depth. However, bury1ng seed is usually more
detr1menta1 t~ species ‘with-small seeds, and the-correlat1on-'
between spec1es and seed1ng method was ot sngn1f1cant

PacK1ng the seed into the Seedbed produced less ground
cover than simply leaving the seed on the seedbed surfaee¢

8.

Poor‘retehtipn of fertilizer does not explain the negative

R

3
e
Setalis
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Table *7: _omparisdn of WeahsJS‘ SomE e fer

ToZer wne
teeding .Methoe "reaimentc
)3 ! N : ©
RN ,

* 2 ‘ . .. » . . ,
Fertilizer . = Seeding Percent - - _Percent .
Treatment Method:. - Ground Cover: “Grouna Cover
IR S s Ctdune 3-6.,19787 0 "GTE. Lverage -

Sy
Sy

g
.,Clr - - ~ . B . ‘ ﬁ\"u" _ - .
Unhfertilized, Rake . z e
' R R -~ v
. e proadcas! -= DT ] -t
Y Fack o EA Zs
S Muich t o ZE s g
o . ~ ay ;‘ l
. : ' 3‘; * . a8
Fertilized Rake ez . oIt ls
. Broadcas® .+ I EmcT g G
- Pack L, IR e m T ENGERE
Mulch - Lo ERURN
, o , ) |
’ v . r}f‘."‘.r
4
. . % g,

1 Means followed®y same letter are no* . L

~

significantTy different at F<(C.C- s e g
2+ 0Overall treatment means were not significant
at P<0.01 SR ' : VoL '
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f‘ appeared to produce more p]amt cover than the\other 'geed1dg,

Te L . . \

theomulcned p]ots were 1nfer1or to all other‘seed1ng methods

4 o

- ’7‘3»-&-

severa] poss1ble explanat1ons for the negat1ve effect of the:_;'
RN

o ,J A
L3
o W .
- . <

mufch C.

,:ﬁ%he a?é]ication of mulch apparent 1y enhanced rention

v

A

 6¢k fertilizer - aé” fertélizattoh ohqd_&its; most ‘pronounced

. o

’efﬁect on mulched p]ots (Tab]e 17) 'HoweJer Cuﬁde]1‘ (1977)-'

\ ’

found that . the app11cat1on of muAch produceﬂ a negat13§'

o

[

ava}laﬁx nitrogen in .the soil was being immobjlized by
microorganisms decomposing the mulch. The impor tance of soil
ferti]ityl was de@oggﬁrated in%greeqhouse experiments, and

nitrogenVimmob%]jzatioﬁJnay have contributed to -the poor

3

PP R R . S £ T ) . : n»@&
3 - . N ; -} e 2 :
P e - - ; - [ . . eyt . ) .

Dugﬁng"Lhe’.f§77 grow1ng season. the'smulched p]ots,
Ry hethoos However A tﬁe spring of the -second grow1ng seasonu

L4
and rem$1n so throu@hout the’ f1e1d\exper1ments There are

,effecf on.p1éﬁt_growth one year ,after’ app]icafion because

e
<
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\ N
A

resL ts . espectal iy D ounter®
[

re abt ity of  the mulcn  tc retain water can cause
Lot ter s:‘;§§empeqatures 'n the spring as e . result cf petter
NS _
' q

.~pterwal ‘ransfer ¢ hea! “"he muich alsc had lcz. much ¢~

~lsorigine’ green tcior by lhe second . growing «seascns and
wa¢ near ‘v.wnhiie- “he higher albedc -of the muich: would cause

e ; .-' . :_.u . . - B ‘ ) t i .

2wy, cefiection of more raciant energy than on plots seeded by

,2§ otfer methods . ConSeduent1y' i1 1s probab]e that thé mulch_;

)’ .}1nh]b1ted g%bwth m& caus1ng the sc.1 tq warm ywowly Hopk1ns

1284 'reconded coo]er spr1ng temperatures and 2 retardat1on g

- )
k] B B f}

‘fﬁ%‘ é¥4growth(§n mua:hed‘ plots “on . a seeded Qass1and. The -
N g i . . 7 ] B ‘ R L . B . ]
. ’Qpnarent delay of, plant dd&elopment’ .as’ aé%esult of cool

AN

pr?ng 5011 tbmperatureg d1d qnot_)pers1st :ast long 'oh% in o

s

l.('

¢

mulched plots 857’1t dwp on the peat topdress1ngs Thi§ﬁﬁs
ﬁi -ﬂ 11Ke1y because the mu]ch was applled at approx1mateTy tone‘

vhalf “the rate of the peat On so11 topdressed with peat

‘«mulch1ng prdauced the poorést cover 'of any seed1ngg meth

probably befapse Qtimuteh ' ompounded problems «;Wfth .

immobilizatipn”pf ‘hﬁtrogen and® soil’ tempé;ature};ehf_ghe‘;

organié‘soilé' - .; . 't.‘ . | o
o= It is poss1b1e that the depth of mulch was excessive

PR

Pluhmer et al. (1955) found that opt1ma1 seed1ng depth was'1;i~

to 2 ‘cm for large seeds! and 51cm for smaLl seeds. In—this
'istudy, .the average depth of mutch was b cm<and'ranged up to

8 cm in places. Howevef, if excesstive, the muich lTikely

would have inhibited the establjghment'of species with small |

seeds more than those with large seeds and any inhibition of

7
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»
. plant establishment should have been most pronounced in the

“ first growing wseason. Ncither  situation occurred in the
. . ¢ .
field experiments since no relationship ‘between seed size

&and establishment was 1dent1f1ed “ABd the mulohed plots
appeared to produce the greatest ground cover of the seed1ng o
method treatments in the first growing season. Consequently.’ %?

) the poor results achieved with muiching 'rqlat1ve ~to other
- YJ

: v R : ;
o seeding ﬁethods do ”Ot}'appear to have been related .to

?;skl Two of . thew ma1n éﬁject1ves of applying mu]ch weve to
: N ':’n.'y A

. .
‘ reduce eros1on and to 1norease moisture 1n the seed@&gi’ As

)
.discussed above eros1on did not appear to be a s1gn]Fﬁcant;g

- factor 1n e1ther growing season Fyrthermore,-_prec1p1tat1on;.

waS‘ above normal both yedrs. ' and any increase in seedbed’
,ﬁﬁ‘mdﬁsture.may not have been of benefit. Enhanced moisture

retention may have @een’ of some benefit on the soils

topdressed with loahQ sand as the mulched plots.. were

U“M‘ i

superior to the otner seeding_methods_with the exbeptnon of

raking. Had precipitation ‘been lower” %1 both érowing
(séasons. muich may have been more successfu]dbn‘fhe-coarser
- . = v ‘

soils. , , , _ " ;
R T s oD

- - “r\ -. Lo ‘j,.;&'{‘ it . : ' e \Wu P)
“ 5.9 Topdress1ng, Fert111zwng iy Seed1ng Method Treatmenfs e
In mb1nat1on, topdressing,ﬂ fert111z1ngj and seed1ng
7 s -
metheds did not significantiy affect percent ground cover.

Furthermore, the three *factof interactions were too
\ /complicate .0 allow interpretation from the data collectegy
o R “ i

-



'raking the seed .into.“the'seedbed was the poorestﬂcVeréV§*'

i percent. less ' than the best owverall treatment lpparen

.éxemplify the

Nevertheless, some discussion of the combined treatments is

n
Mo
~ 3

warranted.

Packing the seed into fertilized soils that.were not

topdressed produced the greatest averaée ground cover, 39.37

" percent (Table 19) In comparison,%the”combination~of the

most  successful s1ngle treatments, not topdressing,

_Fertjltzing and nak1ng, produced an average cover of 37.08

percent. On fertilized plots. that were not topdressed,

seeding method and:even'raktng FertiJTZed'sctis, tbbdressed

2

with peat produced better ground cover The 'resu]te..

.?.mproblems WJth selectxng a

comb ina'tion. cf} wtﬁent% on the beSis of results from

':'§ingle factor’ana]ysesit__

v The _simplest __tredtment, broadcast1ng seed onto

/'*\

unfert111zed non- topdressed soils, produced. an average- of

|

35.74 percent ground cover. This was 5.41 percent greater <

than the o§é5511 cover on the treated plots and only f 63
ly,
the_ combined effect/j of the‘ experlmental “constants

i

prbab]QT']ane1y due- to . the Favourab e weather n bothf~* -

AR

‘growing seasons. However, the results do 1nd1cate that the“

gravelly seedbed surface pr1or to rotot1111ng and the lack

4

. (ratotilling - the -seedbeﬂbpdnd ‘seeding the ‘area) was more -

' beneficial thian the treatments which were tested. 7This owae\

of a suff1c1ent seed source at the s1te were maJor 11m1ting '

factors to natural -secondary succession. g

Y



¥ Table 19:

Loanty Sand

Topdressed
. .
I\
4

1 " Treatmen

169

'Means of Comb1ned TopQgessxng. Fert111zer and :

Seeding Metho%hTreatments‘

act’” \',( ~‘ﬁ' * . di . ?
i e Percent
- Ground Cover

¥y

Treatments ., (1978 Average)
. ;"u W ~ - l . ' Jﬁzﬁn )
. Not Topdressed - Unfertiﬁﬁ;ed - Rake 33475 h
e o # - Broadcast 35474 :
o * g | - Pack 31516 4
: - - foeTT - Mulch Cf 26.35 S
K .- "Fertilized - Rake 7§ © 37.08..b
& L . - Broadcast o)
VT - Pack - % . M
- - Mulch
L o N .. A
. Pedt- Topdressed - Unfertilized - Rake . 31.77
@ o ; o -"Broadcast - 32.82
T Be - - Pack. . 27 .81

Nulch - 30,94

- Fertilized - Rake £ 38.75 - L e

' Broadcast 32.40 - .

PR Pack . .. 34.69 "
- Mulch %731.98-=

- Unfertilized - Rake . 17.60
- Broadcast, 15.73
- Pack 18.59
- Mulch 19.79

\ : . P . ;

Fertjlized - Rake. . 3@ 02 -
' .= Broadcast 31.24 % g

. - Pack - 23.33
-~ - - Muich 27.50

e T,
ts not sign??icant-at P<0.01



6. SUMMARY AND CON{tLUJSIONS

were' to determ1ne the

The objectives of this resear'
. potentials of various treatments to. tablish yegetation
?onder harsh conditions. Careful attention was given to the

Selection of a site where harsh environmental conditions

B

’ were prevalent. The treatments selected for experimentation
wene' those that showed ~ potential to ‘overgome site

e

T1m1tat1ons However 3 weather conditions in both growing
S.h eea;onsafhcluded 1n t research were more favourable to the
. establ1shment ’of vegetat1on than the long-term average. It
: Lis probable that favdgrable weather swgn1ftcant]y pos1t1ve1y
'*affected the results of the field experiments . A
Co In norma] yeare, the s tudy s1t%’1s dry and windy with
so1l moistdre> below permanent w1lting, point ‘for; aboutk

AR

one th1rd .of the grow1ng season. However, in both grow1ng
g sé:éégém? prec1p4tatlon was well above average- and
temperatures were be low average.“Thergdils of the study stte
were found to be nutrient*poor espécia]ly‘with reepect to

nitrogen and phosphorus. Alkaline soil conditions may also

\haveéinduced deficiencies of severél mtcrOfnUtrﬁents such as

iron, naqganesé,'Zinc; Qobatt,rcopper and boron. The 'soils
f Were~grave1?rich’especiaJiykat{Ehe surface.. Erosion appeared
T to have been an importantrfactsr\atifhe site in the'paet=but

no evidence of erosion was noted in either growing season.

‘e

. The study site was also.overgrazed. =~ , -
'Germination tests showed that large grass seeds and

legum%E used in the experiments had good germ1nab111ty Most
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shrub seeds and small-sized grass seeds failed to germinate.
anroper storage and handling procedures probably caused a
,dkreduction in viability of the shrub and small‘grass seeds.
Germination rates appeared to be related to seed size, since
small seeds germinated rapidly relative to larger seeds.
Rapid germination when condptions are suitable may<~belran
‘evolutionary strategy of small seeds .to enable \plant
establishment before'stored food reServes are . exhausted.
‘With the exception of .the small seedsi germination occurred
1over a long period of . time This also may be an adaptation,
dof native plants UQNEnsure'that all germ?nants do, not get_
killed by one. disastrous event o ! SRR P .

In general,:'those speCies that were succdhsful in the
J\field experiments ~were  those . that displayed good
germinability under lthe treatments used in the germination
tests. Similarily, those species that failed to e;tablish~or
produced little ground covgr had poor germinability. This
correlation indicates that the Viability of. the seed was
ﬁbgenerally more important than the tolerance of the species
to the habitaticharacteristics of the Site, di
| “~ Topdressihg the seedbed was not beneficial. While soil
fests showed no Significant differences, greenhou;e
eXperiments indicated that. both peat and loamy sand
pdr SSings were less fertile _than the original soiis.
Lower fertility was likely the'major cause(of the'negative B
‘results from topdressings. The peat topdressing‘was pro%gbly
too shallow -to:-haye significantly improved soil moisture

EXY
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levels and above average. prec1p1tat1on probably dve any
S

beneficial effects on moisture- hold;hg capability that the

peat may have produ 1#}‘f§brther. a delay in plant

development was noted on S;ﬁ?TI%OdeeSSGd with peat The

delay was attributed to Wﬁﬁier spring soil temperatures

‘which result frém greater moisture levels. Applyiqg loamy

" sand »topdress%gg~ .did. little to improve the physical

[ - | .
characteristics of the soil surface since simply rototilling

the site had buried much of the surficial'gravel[fhat had

inhibited natural lrevegetatfon Plant © species varied in

their ab111ty to estab|1sh on a given topdre551ng treatment.

o
App]ylng fertilizer, (16-20- 0 + 14% S) ab 785 kg/ha,

i&gnificantly improved ground coven in the fie@d;and.p1ant

El

Weight‘and beight in greenhouse experfmehtsf Fertilizing'

increased ground cover 6.81 percent overall. Increases in’

| ground cover‘from fertilization did not appear to - diminish

in the second growing season, although soil tests indicated

‘that the . »lied nutrients had become almost completely

unavailab]e It is posstblefthat fertifization éncodraged

»

" the development of a more- product1ve p]ant nutr1ent"cycle,

” : v

£y

'whereby increases in. detrital - 1nput equaled chreases in

m1nera]1zat1on of organ1c matter No plant«spec1es showed a

[

negat1ve response tc>$%rt1]1zat1on

Some of the fertilizer was absorbed by the groying'

‘plants. However, a significant amount of ammonium nitrogen

was 1jke]y‘lost by volatization of °ammonia. Covering the

fertilizer by raking it into the™ seedbed or mulching
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e . <« faw
. : . #,\w ‘;(

¥ ¢  appeared to inhibit volatization. Much gf the app1ied
« phosphorus probably formed calcium cohpounds with low
solubilities, a commonvfate of phosphonusfin alkaline soil.
Banding‘the~phosphorus may have been a more apprOprjate
method of applicatton. Some of“the applied sulfat® sulfur
appeared to be available after two growwng seasons. The
appl1cat1on of ac1d€;Brm1ng fert1llzer did not produce a
decrease 1nvso1f-prtwo ‘growing seasons gﬁter appl1cat1on
This ‘is likely a result of loss of acid-forming mater1a]
from volat1zat1on and leaching of fert111zer in conJunct1on,
with depositidn of calcareous loess. : | |
E;__: » The beneficial effeotsu of ferti]tiation'~ue£e@ hore
ﬁmz_ pronounoed in ﬂ}he‘ eoi]s topdressed with IOamy sand, which

N
-were thevleasf fert11e soijls. Fert1llzatioH was" ,a]so more

i

effective 'on so1ls topdressed with pegt than-sofls“not"
topdressed in greenhouse exper1ments TheH results indicate

that fert1]1ty was more 1mportant than mo1$tdre hold1ng

m

7 ospac1ty when mo1st~condét1ons preva11ed
P LNy
< The"method of seed1ng d1drﬁot affect overa]l percent

ground cover. D1fferencesr in. p]anb z.estabhshment a1n; the
v 7 v

.tfirstﬁ growing;jseason ‘and Sin the'earﬂy part of the second

sy

‘were' noted. However,f it appeared that encroachment; of‘.;fﬁﬂ

establg@hed vegetatwon overcame thefd1fferehces in a short'
" :

,per1odfof time. Rakfng the seed 1nto the : seedbed proﬁuced'

-

the most ground ‘cover on the fert1]1zed plots and the soils

'\J~

w1th ]ower fert111ty (those topdressed w1th loamy -sand _and

3

peat). eTh1s is 11Ke]y due to an 1nh1b1tron of'volatization
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-

ofelammonium fertilizer.. Mulching was the poorest seeding

method probably as a result of a retarding effect on warming

of soil in the spring.end an immobiiization of available

hitrbgeh from microorganisms decomposing the organic matter.

' The "method of seeding did not affgyt establishment among
X

spec1es \
//*

Ground ‘cchF on the treated’*plots averaged 30.33
percent in the second growing seasoéawn compar ison to 9.5
,percent achieved from 25 yearsﬁﬁof natural succession.

u

"+ packing the seed inte fert111zed -soils that were not

.. topdressed produced the greatest ground cover, 38:37

‘bercent 1?he comb1nat1on of the most successful single
'?%ﬁkﬁfméh&s“ no topdress1ng, fert1l1*1ng agd haK1ng produced

;on]y 37 80 percent cover whtch p01nts out vthe hazards of,

- selecting a ~comb1nat1on of treatmen s on the basis of
fi_res ‘w“-from s1ng]e factor analyses. Si broadcasting -

T
.5

cover of 35.74 percent.'Tbis- indicates that the 'gravelly

seedbed surface and the lacR'of a sufficient seed source
. IR S -

twere maJor 11m1t1ng factors? S )

S -
»

1ong term Var1at10ns th. weather. w1]] B detenm1ne the\

71mprovements 1n m01stuhe ava11abtl1ty from topdress1ng w1th

peat. or mu]ch1ng kaAn \ enhancemed% of so1l n1trogen

'ava11ab111ty by 1egumes would not be real1zed in two growing

seasons. Ludeke (1977) found that plants that established

)

* [ .. , .
. - ) N
. . AN
. R : \
N
. . .

seed " onto an unamendedu’rototilled surface prodbced groundA

The success of révegetat1on should be determ1ned 1n thef.

. s1gn1f1cance oF poss?ble cool - spr1ng so1] tempeﬂbtures and
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/
‘and grew rapidly often did not ljve beyond 2 or 3 years as
they were th truly drought to]erant ,1ihe slew-growing
p]ante. The same may be true of pients that are not tolerant
- of 1od\fert11ity. Further, effectis of grazing aefivities are

4 .
@ 7 2
o, years of observations. Moore et
- #7 '

difficult to assess fraiga

g & S :
-al. (1875! suggested "that stability, as’ defined by a
regsistance to ‘change; ‘can .be reached in 8‘to~10 yearé if
o , ‘_weather is variable. Conseqﬂently, the‘ resyltsvzpf theséw;
) ¢ . ~‘¢ vuy

experxments are preliminary in nature S
\"7"

‘ Nevertheless, the initial resu]ts presentgﬁa n: thfs.
“‘n - : -
e
thesis 1nd1cate the poss1b111ty of rap1d estab‘%%hment of a.
- i )
L product1ve native plant: commun1ty in 'a harsh mounta1n

o
i

. enV1ronment If weather cond1t1ons 5retasdifable"

"Seedbed Jt111age and broadcast seed1ng f;alone -‘pqhﬁﬁ-

suff1c1ent to successful]y estab11sh ground cover 7[;'. Afggi

’

o
ot . . -
i

Y
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" APPENDIX A: VASCULAR SPECIES IDENTIFIED IN BOTANICAL SURVEYS

OF THE WINDY POINT AREA

]

- Pinaceae

ki

Juniperus communis L. ',2,3
Juniperus horizontalis Moench.?
Picea glauca (Moench) Voss 2,3

Pseudotsuga menziesii (Mirb.) Franco?

Gnamineée‘ i
Agropyron dasystgchyumf(Hook.)’Scr'ib’n.1
Agropyron riparium Scribn. & Smith'
Agropyron trachycaulum (Link) Malte!

Bromus puhpe]lianus Scribn. 12
Calamagéostis montanensis Scribn.? ' '\
. Calamagrbstis puUrpuUrascens R.BP..12’
| Danthonﬂa intermedia Vasey? o
Elymué innovatuf Beal 123
Festuca saximoﬁ}ana Rydb. 3
Koeleria cristata (L.) Pers. 13
Poa interior Rydb." |
Poa pratensis L.3

Stipa richardsonii Link3

~ {
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Cyperaceae
Carex concinna R.Br.3
Carex eleocharis Bailey'3
Carex foeneé wilia.:
. Carex retrorsa Schwein?

Carex xerantica Bailey!

Salicaceae‘

Salix glauca L.3

Santal aceae

Comandra pallida A.DC.1

¢

Chehopodiaceae
Salsola kali L. var. tenufolia Tausch®

Caryophyllaceae

Cerast ium arvense L.3

Ranuncul aceae
Anenome multifida Poir. 123 g

Anenome patens L. var. wolfgangiana (Bess.) Koch'
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Rosaceae |
Fragaria virginiana Duchesne?
Potenti}la fruticosa L.'3
Rosa acicularis Lind] .23

Rosa woodsii Lind].!

Leguminosae
| Astragalus‘gtniatus‘Nutt'
Hedysarum alpinum L.
Hedysarum mackenzii R ichards. 23
Lathyrus ochroleucus Hook2

Oxytropis sericia Nutt.'3

L inaceae

Linum lewisii Pursht3

E ] aeagnaceae

(¥

Elaeagnus commutata Bernh.3

Sheperdia canadensis (L.) Nutt. 23

Onagraceae

Epllobium angﬁstifolium L:2



Ericaceae

Arctostaphylos uva-ursi (L.) Spreng?3

Borag inaceae
Lithospermum ruderale Lehm!

Scrophular iaceae
Castilleja minitata Dougl .

, Penstemon confertus Dougl. 3

Rubiaceae .

o

* Gal ium boreale L.'2

Caprifol i aceae
- Symphor icarpos albus (L.) Blake?

Campanul aceae

Campanula rotundifolia L.'2

Compositeae
Aghillea millefol ium oL,xz'

210



Antennaria nitida Greene '3
Artemisia frigida Willd. 123
Aster conspicuus Lind] .2
Erigeron caespitosus Nutt:. 23
Gaillardia aristata Pursh'?
Senecio canus Hook.3?

Senecio cymbalariodes Nutt.'3

Solidagé decumbens Greene'?23

a

tIdentified by Stringer (1969).
- 2]dentified by Hettinger (1975).
-¥Identified by Wells et al. (1978).

|

|
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APPENDIX B: DETAILED DESCRIPTION OF PLANT MATéRIALS
Juniperus horizontalis (Creeping Juniper) -

Juniperus horizontélis is common on slopes
throughout Alberta’s Rocky Mountains (Moss 1877).
Stringer (1969) identified the épecies in his botanical
survey of the Windy Point area. The particular
population used in the field experiments-originated_on
the montane grasslands at Kootenay Plains near' fﬁé Big
_Horh Dom, Alberta. J |

J. horizontalis most frequently occupies sandy and
rocky §oils (Moss 1977). Porsild '(1974) stated that the
specjes is almost always found 6n calareous soils. UJ.
horizontalis 1is very drought tolerant and has low soil
nutrient fequirements (Epps 1973). |
J. horizontalis haé not been extensively.used~for‘
" .reclamation purposes. ﬂ number of authorities have
recommended it for further r?éearcﬁ‘(Peterson and Etter
1970, Eppé 1973, Watson et al. 1980).

Abropyron riparium (Streambank wheatgrass) = -

Agropypon riparium is ,nafjve to Alberta and
Strihger (1869) identified the species near the site .of
the Windy Point field plots. The plant material utilized
in  the experiments described in this text is the
certifiéd grass variety Sodér. SodarA breeding stock
originated from a dry, mountainods<area of Oregon. at . a B
e]evation of about 1000 m and annual precipitation of 30

cm (Elliott and'Bolton 1970). The species occurs in both
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natural and revegetation settings at over 1600 m in
Alberta’s foothills (Walker et.al. 1977, Lesko et al.
1975) .

Vafiety Sodar was developed for erosion control
purposes and is both drought resistant. and alkaline
tolerant (Hanson 1965). It produces an open sod ahd has
a rhizomatous root system which produces a very high
soil stabilization abiﬁiﬁy (E1liott and Bolton 1970) 

Sodar has been successfully used in revegetation
trials at Luscar, Alberta (Etter 1971, Lesko et al.
.1875), which is a less than 80 km from the Windy Point
s tudy éite. If has also been successful on the
coarse-textured Athabasca tailing sands gt Fort
McMurray, Alberta fLesKo 1974, Syncrude Canada Ltd.
1975, Rowell 1979).

Aghopynod'trachycauluﬁy(Slender Wheatgra§$).

Agropyron tPachYCauJum is a spécieé native to North
America with a wide continental distribution. Stringer
(19@9) identified" the species in his botanical
investigation in the Windy Point area. Plant and seed
collections of A. trachycaulum Have been made at
elevations up to 2600 m af'Ram Mountain, Alberta (Walkér
et al. 1977). The pafticular population'psed in the
field and greenhouse experiments originated near

Beaver lodge, Alberﬁa, and the ‘seed étoék was multipied

on a seed farm in the Beaverlodge area.

b



215

A. trachycaulum is a bunchgrass with a fibrous root
system (Hanson 1965). It 1is moderately to highly
tolerant of alkaline soil éohditions (Hanson 1965,
smoliak et al. 1975). Russell and Takyi (1979) found
thaf A.‘ trachycaulum was successful 1in revegetating
coarse textured overburdeno with a pH 8.8 at Cadomin,

Alberta. Thé species has also been rated as relativel;
drought tolerant (Smoliak et al. 1875). .

A. tnachyéauluh has .proven to be successful in
naturally revegetating disturbed sites. Vaartnou and
Wheeler (1974} wpote that in Alberta:

"the sbecie§ provided coyer in all areas of the
province, including coarse textured, high pH
fand] Thigh free 1lime  soil... and is a very
important species in providing the initial cover
oﬁ disturbed areas." .

/" The species has also proven successful in many
revegetation e;periments. Macyk (19741 foundvA. tPaCHycaulum‘
to be one of the better. grasses for reveéetating mihe
tailings( at Grande Caéhe, A}berta. Revegetation’eXberiments_
§t Blairmore, A]berta, proved A. tPachycaulum to bé a
suitable speciés' for dry mountain areas (Regier 1974).
Further, A. trachycaulum  was lsuccessfully used in
revegetation trials in Athabasca ta%ling sands (Syncrude’ )

Cahada Ltd. 1975). . _ ‘3

-

4. Agropyron sp. (Wheatgrass)

The third populétioh of’ Aéropynon Qas. never
taxonomically c]assifjed to the species level. It -

appears to be a hybrid or a population that has become
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“morpholagically ! differentiated, since its
characteristics are not _diagnosf{c of any Agropyron
indigenous to Alberta (Vaartnou pers. comm.). The
breeding stock originated near Beaveriodgé, Alberta, and
the seed stock was multipled at a seed farm in the same
area. _

_ While Agropyron sp. appeared to be a vﬁgorous plant
material at the collection site and at the seed farm, it
had not been tested on revegetéfion trials prior to the
Windy Point expériments. : ‘\

Agrostis stolonifega (Red top) )

AgPostiS stolonifera 1is an introduced species
brought to Canada from Poland to.be u;éa as a cultivated
erage crop (Hanson 01965). The ’gbecies is so well
adapted to.A]berta:sfenvironments that it has become
widely established under ‘natural conditians {Scoggan
1979). The species has a strong rhizomatous and
stoloniferous habit and ‘provides good erosioh‘conino]
(Hanson 1965): However, A. stolonifera is generally not
tolerant to long periods of drought (Smoliak et al.
1975). | 4,

A. stolonifera has performed well in revegetation
trials on the Athabasca Tar Sands KSyncrude Canada Ltd.
1975); The species has also been successfully used to
revegetate mine tailings at Luscar, Alberta (Etter 1971)
and has performed well in revegetation trials above- 1600

m in elevation (Watson et al. 1980). A. stolonifera is
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also commonly used to revegetate mine spoils on dry
montane graéslands in southeastern British Columbia
(Ziemkiewicz and Northway 1978).

Elymus innovatus Beal (Hairy Wild Rye)

| - Elymus innovatus is native to the lower ranges of
Alberta’s Rocky Mountains (Watson et al. 1980). The
species was identified in three floristic studies on
grasslands in the Windy Point area (Stringer 1969,
Hettinger 1975, Wells et al. 1978). The popufation used
in the Windy Point experiments originated ﬁear Fort St.
John, British Columbia. The seed stock was multiplied at
a seed farm at Eller;}ﬁe, Alberta.

E. innovatus grows well on coarse and gravelly

soils (Vaartnou and Wheeler 1974, Wélker et al. 1977).

It has a deep spreading rhizomatous root system and

provides good erosion control (Vaartnou and Sons Ent.
Ltd. 1977) -

The species has been successfully used in several
revegetation studies. 'E. innovatus was successful in
‘establishing ground cover on pipeline rfghts-of-way in
~northeastern British Columbia (Vaarthou and-Soné Ent.
Ltd.»1977). It also performéd well on Athabasca tailing
sands (Syncrude Canada Ltd. 1975). Macyk (1977) found
good growth rates of<E.‘innovatus.on mine tailings from
Grande Cache, Albérta. |

L
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Festuca saximontana .

Festuca saximontana is a common native A]bérta
grass, which usually occurs on open areas with dry soils
(Moss 1977). Wells et al. (1978) identified the species
in their >botaniCai surveys in the field iarea. The
part?cu]ar populatioﬁ used in the field experiments was
collected from the Kootenay Plains , montane grassiands.
The seed stock was multiplied on a seed farm near Peers,
tlberta.

F. saximontana is a densley tufted, low gfowing
bunch grass (Moss 19771. The species 1is generally
considered to be a good soil Stabilizér. No Researchxhas
been. conducted as to its tolerance to alkaline
conditions. However, its presence on undisturbed sites
at' Windy Point ~ina%éate it s adapteq; to such
conditions. | | - ’ &

F. saximontana has ﬁot been extensively used in‘
'revegetation work. This- can be attriﬁutéd to the fact
that it is botanically very similar to F. ovfna L.,
which is commércia]ly available. Syncrude Canéaa Ltd.
(1975) bas wutilized F. saximontana in revegetation
experiments and had good success on K%habasca tailing
sand materials.

Koeleria cristata (June Grass)

Koeleria crjstaga is circumboreal in distribution
and native to Alberta (Moss 1977). Wells et -al. (1978)
and Stringer (1969) identified tﬁis species in the Windy}

/
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Point area. K. bPistata is common to the dry, open
grass]and slopes' of Alberta’s foothills and mountains
(Budd and Best 1976). The population used in the field
experiments originated in the Peace River region of
Alberta, and . the seed stock was .multiplied at
Beaverlodge, Alberta. |

K. cristata is a low tuftea bunch grass (Moss
1877). 1t commonly - occupies  excessively drained
Regosblic soils has per formed “well on alkaline soils
(Watson et al. 1980).

Vaartnou and Wheeler (1974) found K. crfsfata to be
a suitable species for rec]amation trials on
coarse-textured soils. Good success was also achieved
with K. cristata in revegetation trials at Luscar,
Alberta (Etter 1971, Lesko et al. 1975).

Poa alp}na (Alpine bluegrass)

Poa alpina 1is native to Alberta and common
throughout  the Rocky Mountains (Moss 1877).  Two
populations of P. alpina were’ selected for the
revegetation studies at Windy Point. One population
originated on a gravelly loam soil near Pine Pass,
British Columbia, ana the seed stock wés multiplied near

Peers, Alberta. This population was referred to as Poa

alpina #1.. The origih of the sééond population, Poa

alpina #2, is unknown. Records regarding the éo]lection

of this plant material were lost.
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P. alpina is a densly tufted, bunchgrass (Budd and
Best 1976). It commonly occupies dry, gravelly mountain
slopes and is also well adapted to calcareous conditions
{(Scoggan 1979, Polster 1975).

P. alpina has been recorded as an active colonizer
on numerous disturbed mountainous areas (Brown et al.
1876. Polster 1975); It has been successfully seeded on
rbgd cuts at eieyations up to 3000 m in the Rocky
Mountains of Colorado (Harringtén 1846). P. alpina ;Iso
performed well in growth trials of alpine mine
disturbances in Montana (Brown and Johnston 19781 . f.
Poa pratensis (Kemtucky bluegrass)

Poa pratensis is common throughout the northern
hemispﬁere and 1is <considered native toq\centré] and

T

northern Alberta (Moss 1977). The species was identified

by Wells et al. (1378) in the Windy Paint area. The

particular\population used in the field and greenhouse

experiments was collected from Palmer, hlaska, and seed
stock was multipled on a seed farm near Beaveriodge.
Atberta.

P. pratensis has a rhizomatous rooting habit and is

.sod-forming (Moss 1877). It s considered to be an B

excellent grass for control]ingf erosion and promoting
soil siability (Plummer et al. 1855). P. pratensis grows
well on well-drained soils of limestone origin (Hanson
1965)." However, it 1is also adapted to a wide range of

soil groups and soil textures (Watson et al. 1980).
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Largely because of its commercial availability, P.
pratensis 1is one bf the most widely used species in
revegetation operations. Etter (189711 and Lesko et al.
(197517 had good résu}ts when P. pratensis was seeded on
mine spoils at Luscar, Alberté. Macyk (1974} found the
species to be successful in revegetation trials on a
strip-mine near Graﬁde Cache.' LAlberta. Selner (1975).
repor ted @hat PL pratensis was the most successful of
any of the grasses seeded on coal mine spoils at Sterco
and Lovett, Alberta. .P. pratensis also produqed good
ground cover when seeded on‘topdressed coal overburaen
at Cadomin, Alberta (Russell and Takyi 1979).

Rosa écicularis_ﬁprickly rose|

Rosa acicularis has an extensive natural range aﬁd
is native to Alberta (Moss 1977). The species was
identified by Stringer (1969), Hettinger (1975) and
wells et al.. (1978) in theﬁrnbotanica] sgrvéys of the
Windy Point area. The particular .population used in the
field trials was collected from the  Cypress Hills,
Alberta.

The species has great genetic variability and
consequent ly occupies many different environheﬁts (Moss

1877). Vaartnou: and Wheeler (1974) determined that

_populations ‘of R. acicularis are suitable for

revegetatioﬁ of coarse-textured soils with high pH and
N . .
high levels of  free lime. Fedkenheuer and Langevin

(1978) had good survival of R. acicularis on amended
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tailing sands north of Fort McMurray, Alberta. However,
more research has been recommended to select specifﬁc

populations for use on disturbed sites (Watson et al.

1880) .-
Astragalus sp. (Milk Vetch) R
Astragalus is a wide spread genus of nitrogen
fixing legumes and many species are native to A]bgrta
(Moss 1977). Thé'particulaf population used in the Windy
Point experiments could not be taxonomically identified
to the species level. it appeared to be a hybrid or has
become morphoiogicajly dffferentiated  to a point at
which its characteristics are no longer diagnostic of
any species of native Astragulus (Vaartnou pers. comm. ).

The population was collected from the Kootenay'P]ains;

Alberta. Stringer (1969) identified an Astragulus (A.

‘striatus Nutt.)’ in his botanical survey of the Windy

4
Point area.

Astragulus is adapted to several soil types with
coarse textures (Smoliak et al. 1875). Astragulus cicer

L. has been observed as being especially well adapted to

- limestone derived soils and shallow, coarse textured

f :
1978) .

subalpine soils (Kenny and Cuany

Because of its ability to fix atmospheric nitrogen,
Astragulus can be considered desirable.for révegetation
purposes. It is currently being tested in grass-legume
mixes on disturbed oil sands near Fort McMurray, Alberta

(Fedkenheuer and Langevin 1878). Astragalus cicer
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generally failed to survive when seeded on a high
elevational  site (1950 m) in the Alberta’s " Rocky
Mountains (Selner 1973) and on coal mined land at Trent
Mountafn, Alberta (Selner et al. 1977). However,, it has
been successful on high elevational trials in Colorado
(Kenny and Cuany 1978), and Watson et al. (1980)
suggested that it warranted qu@ﬁer research.
Hedysarum alpinum L. ‘ o

Hedysarum alpinum is native to prairies and open

woods of Alberta (Moss 1877). The species was identified

by -Stringer (1969) and Wells et al. (1978) in the Windy

Point area. The population utilized in the field trials
originated near Peérs, Alberta. |

| H. albinuh is common on calcareous sands, gravels
and_ rocky slopes throughout Alberta (Scoggan 1979). It
grows on poorly developed colluvial materials as well
(Watson et al. 1980%

H. alpinum’s ability to fix atmospheric nifrogen
allows sbccessful establishment on.relétively infertile
soil materials (Klebesadel 1971). The species performed
poorly when seeded on coal mine spoils at Grande Cache,
Alberta (Macyk 1974). However, Syncrude Canada Ltd.
(1975} reported good results’wifh seéded_H. alpinum on
tailing sands near Fort McMurray, Alberta.. Bamberg and
Major (1968) concluded that the species showed good
potentiaJ’for revegétafion of high e]evation/’calcareous

coal mine spoils in Montana as H. alpinum was found to
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be an early colonizer on such sites.
Hedysarum mackgnzii Rich;rds.
Hedysarum mackenzii>is native to Alberta and occurs
on open areas ih the VRocky bMountains (Moss 1977).“
Hettinger (1975) identified the species in tﬁe area of.

Windy Point. Thé populafion used in the field trials Was

collected from Haines Junction, Yukon.

Thev spécies commonly occupies calcareous gravels
and rocky slopes (Scogganb 1979) . Heusser {1956)
idenFified H.A mackenzii' as an early colonzier of rawlw.
moraines in the Rocky Mountains. Tisdale et al. (1966)
found the species to be a pioneer plant on moraines near
Mount Robson, British Columbia.

No - documented use of H. mackenzji for revegetation

purposes could be located at the time of writing.

However, its natural habit of colonizing calareous,

gravelly mountain slopes and its ability to fix

atmospﬁeric nitrogen indicated that it had good

'potehtial'as a revegetation material. 5Watsdn et al.

(1980) suggested that the species warranted further
research in this regard. o |
Eiaeagnus commutata Bernh. (Silverberry)

Elaeagnus commufata is}a}native Alberta shrub (Moss
1977). The species Qas identified in the Windy,.Point
area» and is common on disthfbédf areas thfoughout

Jasper’s Athabasca River valley (Wells et al. 1978). The

'population used in the field experiments was collected
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_ from High Level, Alberta.
| E. commutata is common on valley slopes including
those with rocky, south-facing expggures (Mdss 1927). It
prefers well drained soils and does well on soils with:
low ‘nutrient status (Peterson and Peterson 1977). E.
commutata has the ability to fix nitrogen and thus cén
enhance soil productivity (Watson et al. 1980).
THe'species is well-adapted to sites with high
erosion potential and has been effectively used to
control erosion (Dick 1974). Lesko et al.  (1975)
repo;ted good establishment of Ev commutata on coal mine
tailings at Luscar, Alberta. Fedkenheuer (1379) had 67
percent survival for fall planted seedings on tailing

sands at Fort McMurray, Alberta..
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