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Abstract

Initial reclamation practices affect the early development and future recovery trajectories
of tree and understory species on reclamation sites. In this thesis | explored the effects of yellow
sweet cloverNlelilotusofficinalis) asa cover crop on tree prmance and competition control
in forestfloor materialwhich was salvaged and directly placed at two different depths (15 cm
and 40 cm). Sweet clover supressed the establishment of some competing species; however total
vegetation cover was not impaci&ad total mortality of planteBopulustremuloidesPinus
contortg andPiceaglaucaseedlings was greater in sweet clover plots. Tree seedlings had better
annual growth and lower mortality in the 40 cm salvage and placement depth treatment,
potentially die to a more diluted seed bank which decreased dominance of competitive species.
In a second study, | assessed the impact of four fertilizer treatments (control, 250 kg/ha
immediately available fertilizer (IAF), 500 kg/ha IAF, and 670 kg/ha controlledseléertilizer)
applied to two different capping materials (forest floor material (FFM) and anpeatal mix
(PMM)) on initial forest vegetation development. The application of fertilizer did not affect
average species richness in either capping matbaalever fertilization promoted increased
cover of grasses in the FFM. Over time the number of annuals/biennials as weHreginen
species decreased in both capping materials and the number of desirable forest understory

species increased in the FFM.
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Chapter 1: Introduction

1.1 Reclamation

Reclamation has become a common practice throughout the boreal forest of Canada as a
result of extensive surface mining and other forms of natural resource extraction, as well as the
ever increasing public pressure to restore these areas. Globally,¢hefborst exists as a
circumpolar ring across the northern hemisphere with roughly one third of its area existing in
Canadaln Alberta, the boreal forest covers 381,00F kfrland in the north or roughly 58% of
the province (Natural Regions Committed®@) This has provided the unique opportunity for
research of various reclamation techniques as a result of landswpealisturbances incurred
from surface mining bitumen and coal deposits in Alberta. In the Athabasca oil sands region of
Alberta alonethere is 4,80&m? (480,000 ha) of surface mineable land and approximately 767
km? (76,700 ha) has already been disturbed (Atb&overnment 2013). This aread all other

areas thturbed by industrial activitgre required by government regulation taédaimed. For

Al berta, this means that subsequent to resour
state of natural productivity that existed pr
Government 2013). | nc ttihvel tbyodr ersagthjeingemigermusaa |s eplrfo

forest ecosystem which is capable of supporting wildlife habitat, timber production, and
watershed functions (OSVRC 1998).

The majority of surface mining in Alberta occurs within the Boreal Forest NatugabiRe
(Natural Regions Committee 2006). Within this region there are eight Natural Subregions which
share some similar characteristics; however, revegetation goals should be tailored to the specific
Natural Subregion where the disturbance occurs (NatugibRe Committee 2006). In general,
the Boreal Forest Natural Region has short summers which receive the most precipitation,
whereas winters are long and cold. The landscape ranges from level to undulating and is
interspersed with wetlands. Common uplangetation includes deciduous, mixedwood, and
coniferous forests with Luvisolic soils. The most common tree speci®optadus tremuloides
Michx., Populus balsamifer&., Picea glaucgMoench) VossPicea mariangMill.) Britton,

Sterns & Poggenb., arRinus banksiandamb.Lowland areas are. mariang shrub, or sedge

fens and marshes with Mesisolic soils (Natural Regions Committee 2006).



The process of surface mining poses unique challenges to reclamation because the soil is
excavated as opposed targgleft intact following a disturbance such assitu resource
extraction, logging, or fire. Disturbances which leave the soil intact and only involve the removal
of vegetation can affect hydrology, nutrient availability, and vegetation establishwhen¢as
the process of excavating deep soil pits additionally impacts soil progé&irtaeslin et al. 202).

These include abrupt changes to soil structure, chemistry, and the propaguMlzdintesults

in a longer recovery periodlberta Environment andvater2011; Franklin et al. 2012;
Mackenzie and Naeth 2010). Some of the changes in soil structure and chemistry include
elevated nitrogen levels (Rowland et al. 2009), increased alkalinity, higher bulk density from
heavy machinery traffic, and reducedl saoisture along with raisesbil temperatures due to the
absence of a forest canopy (McMillan et al. 20@dditionally, surface mining affects nutrient
cycling and hydrology on a landscape level. The chaimgesil properties, along with altered
nutrient and water cyclinglow the rate of natural recovery aaifiectour ability to establish
forest speciesn reclamatia sites Establishing theppropriateregetation is perhaps the most
challenging stepnd can be influenced lilye treatment of soil ding and after excavation.

Surface mining coal and bitumen deposits is performed by first removing all vegetation
from a site and then stripping the soil in three layers. This includes approximately 30 cm of
topsoil (organic layer/A and B horizons), up3ton of subsoil (C horizon), and the remaining
material (overburden) up to a depth of approximately 73limefta Environment and Water
2011). Based on the topographic location of the salvaged soil, topsoil can either be mineral soill,
peat, or some combitian of the two. Topsoil from upland sites, which contains organic forest
floor materials (LF-H horizons) and the underlying A and B mineral horizons, is commonly
referred to as forest floor material (FFM). Topsoil which contains peat is often refeagd to
peatmineral mix (PMM) and consists of a mixture of lowland peat and underlying mineral soil
or transitional mineral soil adjacent to lowland areas. In comparison to PMM, field studies using
FFEM show higher species richness, plant abundance, arehpeover (Mackenzie and Naeth
2010; Naeth et al. 2013). In particular, the FFM generally has greater richness and abundance of
native shrub species, upland forest understory species, and reduced covenativeogpecies
(Naeth et al. 2013). Additiongll microbial activity and nutrient reserves, specifically soluble
potassium and available phosphorus, are commonly greater in the FFM (McMillan et al. 2007,

Pinno et al. 2012). Greater microbial activity has been related to a relatively lower pH in the



FFM and it has been proposed that FFM may act as a better inoculant for mycorrhizae
(McMillan et al. 2007). As a result the PMM is usually a less desirable capping material,
however, it is more abundant in areas of the oil sands region which can be suniedeAiso,
there are benefits to using PMM such as lower bulk density and increased organic matter,
nitrogen, total carbon, cation exchange capacity, and water holding capacity (Mackenzie and
Naeth 2010).

Once soil has been stripped, there are currentdyaptions for handling the topsoil and
subsoil. One option would be transporting soil to a nearby area and dumping it in two separate
stockpiles until it is required for reclamation. The other option is that topsoil and subsoil can be
transported directljo a reclamation site and placed without the stockpiling phase. The main
benefit of the direct transfer technique, compared to stockpiling, is that there is less of a
detrimental impact on nutrient availability and the viability of the propagule bankhwdads to
higher species establishment on reclamation sites and reduced reclamation costs (Mackenzie and
Naeth 2010; Koch et al. 1996; Rokich et al. 2000). Reduced handling helps maintain soil
structure and preserve quality because, without the stauphase, nutrient leaching is
decreased and organic matter, propagules, and soil biota are congdireei Environment and
Water2011). The ability to maintain a viable propagule bank through direct soil transfer has
been linked to initially higher spis establishment on reclamation sites (Mackenzie and Naeth
2010; Fair 2011). This is beneficial because one of the main challenges in reclamation is to
establish greater biodiversity, which includes native understory species, without having to
perform seding or planting (OSVRC 1998).

The direct placement of soil has proven to be superior for native understory species
establishment; however, the exact depth at which soil is placed to receive optimal results remains
unclear. Within the boreal forest of#drta, experimental soil salvage and placement depths
have ranged from 10 cm to 40 cm with the greatest density of establishmenmingcaur
approximatey 20 cm(Mackenzie and Naeth 201Fair 2011). Due to the use of large scale
machinery, it is believethat at shallow salvage depths (approximately 10 cm) the seed bank can
be diluted as a result of admixing between the topsoil and subsoil during soil placement
(Mackenzie and Naeth 20)L At greater salvage depths (approximately 40 cm), dilutieves
greaterdue toincreased mineral soil conteamidhandling (Fair 2011). As a result, first year

establishment is influenced by the placement depth of soil with relatively shallower depths



typically having greater establishmeWthile this is often desirab) increased competition from
herbaceous vegetation at shallower depths can be detrimental to planted seedlings and
competition control may be required.

Direct placement of soil is the most ideal practice for achieving long term reclamation
goals; lowever, it is not always operationally feasible as surface mining often occurs at a faster
rate than reclamation, hauling the soil can be time consuming, and there has not always been
available space for permanent reclamatiibérta Environment and Wat@011). As a result,
reclamation can also involve Areconstructingo
their proper order following a period of stockpiling. First, the overburden material is used as a
fill to shape the desired contourstbé new landscape anaen approximately 80 cm of subsoil
which is suitable for plant root growth is placed on top. Finally, the area is covered with FFM or
PMM topsoil at a depth of 260 cm Rowland et al. 2009; Macdonald et al. 2RIopsoil is
asoré erred to as Acapping material 0 because it
and it is the most suitable material for plant growth. Althoitighthe most suitable material,
there are often problems with initial nutrient availability, greover, water retention, and the
establishment of ruderal species as a result of stockpdpspil Disrupted soil function and the
lack of a desirable propagule bank and/or seed source following soil placement can hinder
natural restoration on mine et (Strong 2000). Therefore, in an attempt to accelerate forest
restoration, it is common to apply amendments such as cover crops and fertilizer to reclamation

sites along with planting trees and, more recently, shrubs.

1.2 Forest initiation and cover crops

Early tree growth and survival on reclamation sitemgortant because the ability for
trees to establish canopy closure has been linked to faster development of a forest plant
community (Maundrell and Hawkins 2004; Strong 200@tural forest regneration begins with
relatively quick growing tree species which are early successional, sidpalsis tremuloides
andPinus contortaThese trees are usually the first to establish and create a canopy which
changes herbaceous understory species cotiggoby excluding species which are not shade
tolerant. In contrast, slow growing, long lived, and shade tolerant trees, dedeaglauca
persist in the community until eventually becoming the dominant species. Therefore, in order to

Abui | doonarecfamatian site, the successional stages of a forest must be considered



when choosing which trees to plant and at what density. Different tree species will respond
differently on reclamation sites as a result of their growth patterns, shade tolarahgeneral
health and stature at the time of planting. These characteristics, among others, affect a tree
seedlingsdé ability to survive and cope with c

On reclamation sites, tree planting is necessary for faster development of a forest;
however, this is only one step on the way to ecosystem recovery. Once trees are planted there are
many environmental factors which can influence their establishment, growth, and survival. These
include the initially variable nutrient conditions, pH levels,gdole salinity and compaction,
competing vegetation, and exposure to harsh weather events (Casselman et al. 2006; Franklin et
al. 2012;Pinno et al. 2012)n particular, intial seedling mortality and poor growth is strongly
influenced by competition fdight, water, and nutrients from surrounding herbaceous vegetation
(Franklin et al. 2012)As a result, seedling quality and competition control are often the most
important factors for promoting seedling performance and maintaining the trajectory of a
recvering ecosystenin the first year following soil placement there is often relatively little
herbaceous covgf fertilizer is not applied, anthst growing, disturbance adapted, annual
species thrive and domingfdacdonald et al. 2032While low cove results in less competition
for planted seedlings, depending on its structure, early vegetation cover can modify the initially
harshgrowingconditions on an open and exposed reclamation site to increase seedling survival
(Franklin et al. 2012). As a nal$, cover crops are often planted to encourage the recovery of
natural soil processes and create conditions conducive to seedling gralgbrvival

Cover crops argypically quick establishing species which provitie benefibf early
vegetation covewnhile also possessingé ability to control weeds and, depending on the
speciesprovide a canopyshelter)when planted at adequate densities (Hartwig and Ammon
2002). Quick establishment is important for weed control because it limits the amoust®f sp
available and therefore reduces the ability of aggressive weedy species to migrate onto a site
(Franklin et al. 2012). In additiothe ability to forma canopy isdvantageoulsecause a canopy
provides shade and many competitive and undesirable sgeeishade intolerartfong 2000).
A canopyalsoprovides tree seedlings with shelter from wind which, in combination with ground
shading, reduces water loss through evaporation and cools the soil so that conditions are more
favorable forthe germinatia and establishment ahderstory species (Franklin et al. 20I})e

main drawback ofisingcover crogis that they will inevitablycompete with planted seedlings



for light and nutrientshowever the desired outcome is that the benefits incurred wilveigh

the associated costs of initially reduggdwth and possible mortality. There is also the concern
of nonnative cover crops persisting in the community and this has recently been addressed by
looking into the use of shade intolerant species asaseihtive forbs.

1.3 Fertilization

Capping materials used in reclamation generally have poor soil structure, low surface
moisture, nutrient limitations, varying organic matter (OM) content, and a range of pH levels
(Rowland et al. 20QAlbertaEnvironment and Wat&011). This occurs when capping
materials are stockpiled due to increased soil handling as well as losses of nutrients through
leaching and organic matter through volatilizatibhese initial conditions affect the long term
goals oftree and understory species establishment and survival on oil sands reclamation sites. To
help alleviate some of these conditions, it is a common practice to broadcast spread an
agricultural grade, immediately available fertilizer (IAF) to reclamatiasdibr up to five years
following revegetation (Pinno et al. 2012). Fertilizer is applied with the intention of increasing
initial tree seedling growth which helps promote ecosystem function recovery; however, this is
not always the case as IAFs releasiients quickly and their low rate of recovepgrticularly
in relation to tree seedlings, makes them inefficient (Rowland et al. 30@#h and Jacobs
2013. The low recovery rate or fertilizer use efficiency (FEU) occurs due to uptake by
competing vegation, immobilization in the soil by microorganisms, as well as leaching and
possible contamination of surface and ground waters (Hangs et al. 2003; Fisher and Binkley
2000). This occurs in a reclamation setting because fertilizer is often broadcastosfgnea
newly planted seedlings and the immediately available nutrients are either lost or immobilized
because they are out of reach of tree roots or because seedlings have low nutrient requirements at
the time of application (Sloan and Jacobs 2013). Asalt;, tree and understory species can face
increased competition from the stimulated growth of nitrophilous species.

A more efficient alternative to using IAFs is the use of controlled release fertilizers
(CRFs). These fertilizers have a higher FUE bsedhbey release nutrients slowly over time (3
18 months) and therefore release rates coincide more readily with tree seedling demand (Sloan
and Jacobs 2013). Increased FUE is best achieved when CRFs are buried (either loose or in tea

bags) near the rootirgpne of seedlings or mixed in with the plugs; however broadcast spreading



over a site is also an option (Sloan and Jaco

of tree seedlings, along with the slow release rates, result in higher FUE afebubsses in

the form of immobilization, leaching, and uptake by competing vegetation. Therefore the use of
CRF has the potential to reduce the amount of nitrophilous species which compete with tree
seedlings and understory species while stohpptingmoderateamounts oherbaceous cover.
Moderate vegetation cover is desired for retaining nutrients in the ecosystem and promoting
nutrient cycling (Chang and Preston 200@wever there is still the concern of dominance by
nitrophilous species, which anet part of the target ecosystem, since any fertilizer application
which increases their growth and abundance could hinder ecosystem recovery.

There is another potential option which could eliminate or reduce the amount of fertilizer
applied to reclamatiosites, reduce the presence of nitrophilous species, and requires no
additional application effort. This option is planting tree seedlings which have beemn
loadedby allowing the luxury consumption of nutrients during seedling growth in the
greenlouse. CurrentlyPicea glaucaandPopulus tremuloidesave both demonstrated the ability
to be nutrient loaded with minimal additional inputs during seedling production (Timmer 1997;
Schott et al. 2013). The use of nutrient loaded seedlings, whiclors&lered better quality
planting stock, could greatly reduce the amount of fertilizer applied in the field while still
promoting tree seedling growth and survival. Additionally, due to variation in soil quality and
typically higher nitrogen levels in rizanation soils, értilizer requirements are not uniform
across all sites araistandard fertilizer blend may not always be benefiéidérta Environment
and Wate2011). This is themost efficientuse offertilizer; however, there is limited research on

if this will be an effective option for use on reclamation sites

1.4 Understory development

Historically, revegetation of mine sites has mainly focused on tree establishment and
growth, with less regard to understory species development. Howeverréhmnaected as
understory shading, which occurs as a result of canopy closure, removes shade intolerant ruderal
species from theommunity and promotes the growth of indigenous understory species which
are shade tolerant (Strong 2000). Species establrdtand availability following a disturbance,
such as surface mining, is influenced by the propagules available on a site, propagule dispersal to

a site, and site resource availability (Kenkel et al. 1997).€fdrey, establishinginderstory forb



species aabe achieved if there issafficientpropagule bank or seadurce in the surrounding
areahowever it has been found thptantingshrubs is usually necessgBowland et al. 2009).
The understorplantcommunity inborealforest ecosystenis the greatest contributor to plant
species diversity anglays an important role inutrient cycling as herbaceous litter often
contains more nutrients and decomposes faster than tre€Gitterm 2007) Shrubs are also an
important part of understory commities as they add structural diversity and have been found to
accelerate the development of the F and H layers of a forest floor (Rowland et al. 2009).
When attempting to accelerate forest successioa reclamation sifé is important to
consider théong term effects of management choices and incorporate objectives for tree and
understory development.is also important to consider that the creation of novel ecosystems is
inevitable(Burton and Macdonald 201%pmanagement practices mustflexible and
adaptable over time

1.5 Objectives

Current and impending disturbances in the boreal forest have created a necessity for
reclamation techniques which ang¢egrative efficient, and focus on long term ecosystem
recovery goalsThe overall objective of this thesis wasetaluate current reclamation practices
anddetermine thie effectson forest ecosystem recovery by assessiegseedlingsurvival and
growth as well amitial vegetation development.

Chapter 2 presents the wéis of a study looking at the impacts of four different cover
crops on ouplanting performance of three boreal tree species. Additionally, cover crops and tree
seedlings were grown in a forest floor material which had been salvaged and directly placed at
two depths. Tree seedling performance was assessed in terms of height, mortality, and growth
data that was collected over three growing seasons.

In Chapter 3, results are presented from a study looking at early vegetation development
in two capping matéals which were each treated with four different fertilizer regimes.
Vegetation surveys were conducted over three growing seasons and percent cover estimates of
each individual species was recorded. Community development was assessed by using this data
to group species based on their growth form, life history strategy, native statyseaedce in a
mature forest understory community. Species richness and seed bank expression was also

evaluated under the four fertilizer regimes in the two capping material



Chapter 4 summarizes theain findings from the previous two chapters and combines
these findings with those of related studies to outline possible management strategies and
applications. This chapter also identifies some study limitations and éay far future
research.



Chapter 2: Early tree seedling performance in response to cover crop
and forest floor salvage and placement depth on a coal mine reclamation

site

2.1 Introduction

Forest reclamation has become a common practice as a result of extensive surface mining
throughout the boreal forest of Canada and the increasing need to restore these areas. In order to
recreate functioning and sedfistaining boreal forest ecosystemsanopy of trees along with a
diverse understory of shrubs and forbs is required. The quick development of an overstory
canopy is of particular importance because it will stabilize the site, initiate nutrient and carbon
cycling, as well as facilitate and@aderate the recovery of native understory species while
reducing agronomic and ruderal species (Strong 28af;and Chen 200Q4.ieffers et al. 1993).
Along with a canopy, the retention of a nearby seed source or viable propagule bank is required
for naural recovery of forest understory species (Holl 2002). Reclamation studies using direct
placement of salvaged forest floor material to maintain propagule banks have shown promising
results which include improved diversity and native understory spec#sigisinent
(Mackenzie and Naeth 201Rpch et al. 1996; Rokich et al. 200QVithin the boreal forest of
Alberta, experimental soil salvage aheir correspondinglacement depths have ranged from
10 cm to 40 cm with the greatest density of establishment occurring at an approximately 20 cm
depth (Mackenzie and Naeth 2012; Fair 2011). Due to the use of large scale machinery, it is
believed that at shallow salvage tep(approximately 10 cm) the seed bank can be diluted as a
result of admixing between the topsoil and subsoil during soil placement (Mackenzie and Naeth
2010). At greater salvage depths (approximately 40 cm), this dilution effect is further enhanced
as aresult of increased handling and mineral soil content (Fair 2011). As a fiesultear
establishment is influenced by the placement depth ofthilrelatively shallower depths
typically having greater establishmeBtespite the benefits of this teuljue, there is still a great
tendency for an initial dominance of competitive species which are early successional and
potentially undesirable. These species can prevent or severely limit the development of forest
vegetation (Hart and Chen 2006; Lee 2004jerefore thelirect transfeof salvaged forest floor
material can be considered an improved metbothcreasingorestspecies establishmeand

diversity; however there is not a clear understanding of the impacts of forest floor salvage and
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placemendepthonthe establishment and growth of plantexkseedlingsandthe coinciding
developmenof forestunderstories in boreal systems.

Initial tree seedling mortality and poor growth is strongly influenced by competition for
light, water, and nutrienfsom surrounding herbaceous vegetation (Frargdial. 2012), initial
soil conditions Conrad et al. 20Q2as well as tree species selection and the quality of planting
stock (Grossnickle 2005; Landisser et al. 20)2Competition control is often mecessity in the
initial years of seedling eslblishment on reclamation sites; howether exact impact of
competition on tree seedlings varies depending on the composition, height, and density of the
competing vegetatior-or example, at low levels of grod coveyfacilitation can outweigh
competition and benefit tree seedlinGeGteven 1991 whereas high levels of ground cover is
often detrimental to tree establishment (Franklin et al. 2012). While better quality planting stock
can help seedlings tokge early conditions, which include competition, tree species selection is
also important because responses to competition will vary due to differences in growth patterns
and shade tolerance. Consequently, a mixture of tree species is often plantednoati@tisites
to increase the odds of success as well as mimic thdigitebance forest and improve
ecosystem resiliency (Macdonald et al. 2012).

In the first year following soil placement there is often relatively little herbaceous cover
and only fast gpwing, disturbance adapted, annual species thrive and dominate (Lee 2004; Fair
2011). While low cover results in less competition for planted seedlings, depending on its
structure, early vegetation cover can modify the initially harsh conditions on aseskp
reclamation site to increase tree seedling survival (Franklin et al. 2012). These modifications
include; improved soil physical and nutritional processes, reduced soil erosion, increased
infiltration rates, incorporation of organic matter, increasatewholding capacity, and reduced
soil temperature (Macdonald et al. 2012; Franktial. 2012). As a result, cover crops are often
planted on reclamation sites to encourage the recovery of natural soil processes and create
conditions conducive to seeallj survival and growth. Cover crops are quick establishing species
which provide all the previously mentioned benefits of early vegetation cover while also
possessing the ability to reduce weeds and provide a canopy when planted at adequate densities
(Hartwig and Ammon 2002). Quick establishment is important for weed control because it limits
the amount of space available for germination and therefore reduces the ability of aggressive

weedy species to migrate onto a site (Franddial. 2012). In additiorg canopy forming cover
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crop is particularly important because a canopy provides shade and many competitive and

undesirable species are shade intolefidatt and Chen 2006; Strong 2Q0Burthermore a

canopyprovides tree seedlings with shelter from wimdich, in combination with ground

shading, reduces water loss through evaporatiortanid the soil so that germination conditions

are more favorable for desirable understory spe€iemklin et al. 2012 All cover crops will

compete with planted seeadjs for resources; however the desired outcome is that the benefits

incurred will outweigh the associated costs of initially reduced growth and possible mortality.
Introduced agricultural grasses and legumes have historically been used as cover crops in

agricultural crop production with beneficial results because it is common to terminate the cover

crop before planting the succeeding crbarfwig and Ammon 2002 In contrast, their use on

reclamation sites has shown varying levels of success due tacthbdt the cover crop remains

part of the recovering ecosystem and can compete with desirable species (Etaalk012).

For example, nomative grasses have the ability to quickly establish, provide erosion control,

reduce undesirable ruderal sgExestablishment, retain nutrients, and incorporate organic matter

into the soil; however they also compete with tree seedlings and can reduce desirable understory

species establishmerm@wland et al. 2009Valdron et al. 2005Franklin et al. 2012;

Landhausser et al. 2007)n addition to the same benefits and drawbacks ashative grasses,

legumes also have the ability to fix nitrogen and capture smavkihgton et al. 197:8Powell

and Bork 2004; Blackshaw et al. 200Melilotus officinalis(L.) Lam. (yellow sweet clover) is

an introduced, biennial legume with good potential as a cover crop becatssahility to fix

nitrogen, suppress other herbaceous vegetation, quickly establish a diffuse biennial canopy, and

lack of shade tolerance which eresthatit will not persist into the forested community

(Blackshaw et al. 2001; Dickson et al. 2010; Turkington et al. 19VBiJe introduced grasses

and legumes have the potential to be effective cover crops there is a concern for their persistence

in the community, and the resulting effect on long term recovery, because most of the species

typically used are not part of a natural forest ecosystem (Holl 2002). In contrast to using

introduced species which are unlikely to persist in an undergparythchamber studielsave

shown promising results for the use of an early successional nativ&faamérion

angustifolium(L.) Holub (fireweed)) as a potential cover crop (Laautser et al. 1996);

however currently there is a lackfedld studieswhich havetested this. A native forb could be

beneficial as a cover crop because it would initially provide adequate cover and then be
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maintained at low levels in the understoBydderick 1990. This would also provide increased
diversity and thus resilience ingleclaimed ecosystem.

This research aims to compare the effectiveness of three cover crops in promoting early
survival and growth oPopulus tremuloideMlichx. (trembling aspenRinus contortaDouglas
ex Loudon (lodgepole pine), aliicea glaucagMoend) Voss (white spruce) while maintaining
the establishment of native understory species from the forest floor propagule bank. The three
cover crops include the traditionally used faative annual gragdordeum vulgaré.. (barley),
the nonnative biennialegumeMelilotus officinalis(L.) Lam. (yellow sweet clover), and the
native perennial forkchamerion angustifoliur{L.) Holub (fireweed)Iln addition to the cover
crop treatment, forest floor material was salvaged and directly placed at two different depths to

compare potential effects and interactions on a reclamation site.

2.2 Methods
2.2.1 Research area

Research for this study took pawithin theGenesee Coal Mingperating lease
(53°20'39 N, 114°18'10 W). The mine itself is strip mine which i¢ocatedapproximately80
km southwesof Edmonton, AlbertaOperations ara joint venture between Capital Power LP
and Prairie Mines & Rymlty Limited, with the current lease consigj of 28 sections of land/(
252 ha (Capital Powe012.

Thisresearch area is parttbie Dry Mixedwood subregion of the Boreal Forest Natural
Region(Natural Regions Committee 2008 he research site Iscated in the southern portion
of this subregion, where the topography ranges from level and gently undtdatimgpmocky
uplands.The vegetation isharacterized bfopulus tremuloideMichx. dominatedstards with
scatteredPiceaglauca(Moench) Vosandinterspersed fens in low lying ared$e referene
understory plant community for this paftthe subregion consists Gbrylus cornutaviarshall
Rosa acicularid.indl., Aralia nudicaulisL., Lathyrus ochroleucublook., Lathyrus venosus
Muhl. exWilld., andCalamagrosticanadensigMichx.) P. BeauvWhile these specietescribe
the characteristic vegetation of the subregion, it is worth noting tha®%0of the central area
has beenutivatedandplanted with barley and forage cropspen haresting for pulp and
paper as well as open pit mining and oil and gas activitieslsseommon throughout this

subregionNatural Regions Committee 2006)
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Thedominantmineral soils in this subregigrossess the characteristic eluvial and Bt
horizonsof a Giay Luvisol and occur where the mean annual soil temperature is less’tban 8
These soilsusually support L, F, and H horizormed may have a degraded Ah drehorizonas
well (Natural Regions Committee 200%0il Classification Working Group 1998)he two most
common subgroups that occur in this area ar®©itiieic Gray Luvisols and the Dark Gy
Luvisols which formed from glacial till or lacustrine parent matefibkese two subgroups are
primarily differentiated by an Ah or Ahe horizon greatertth cm thick in the Dark @y
Luvisols Soil Classification Working Group 19980rthic Gleysolsare often found on level to
undulating landformandorganic soils can be found iow lying areasin particular, wetland
areas typically have Terric Meslsavhereas fens and bogs will have Fibric Mesigdktural
Regions Committee 2006).

Compared to most of the other subregions within the Boreal Forest Natural Region, the
Dry Mixedwood subregion has warmer summers and milder winters (Natural Regions
Comnittee 2006). Average daily temperatures in the area range from a minimad @C in
January to 16.5°C in July, with an annual average of 3.4°C. Average annual precipitation totals
536 mm with 410 mm in the form of rajmostly falling during the May t&eptember growing
season) and 133.9 mm as snow. The climate data presented was collected by Environment
Canada (accessed 2013) at the Stony Plain weather s&8f&2'61.006" N, 114°06'30.090" )W
and covers a 29 year average ranging from 1971 to 200@¢eEment Canada 2013).

During the 2010 growing season (May to September), which occurred between the initial
set up of the research site and tree planting, Stony Plain experienced 403 mm of precipitation and
had an average temperature of 1@.ZEnvironment Canada 2013). In the dormant period
following tree planting (October 2010 to April 2011), 155 mm of precipitationrfedinly in the
form of snow,and the average temperature wa8’C. Precipitation during the firgfrowing
seaon for theplanted seedlings (May to September 2011) totaled 36&nuhthe average
temperature during this periocag/ 143°C. Fiom October 2011 to April 2012, 153m of
precipitation fell and the average temperature \#&8C. Thesecond growingeasor(May to
Sepember 2012had389.8mm of precipitation and an average temperaturédf’C.

Precipitation during the period of October 2012 to April 2013 totalech2@@nd the average

temperature was.0°C. During thehird and final growingeasorof this experimat (May to
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September 2013269 mm of precipitatiorfell and theaverage temperatureas15.3°C
(Environment Canada 2013)

2.2.2 Donor site

In order to perform the direct placement method used on this researehdsichectare
area was chosen 2009to actasthedonor sitefor this study. The site was chosen based on its
locationwithin the Genesee Coal Mine lease, close proximity to the reclamation site
(approximately 2.5 km awdyandbecause it &s scheduled for mining in the near future (Fair
2011). The donor site was an aspen dominated dtaatdvas harvested approximatelyyiars
prior to selection antkft to regenerate via root suckering. Prior to salvagireandunderstory
vegetation assessments were completed and the soil was classified as aapadvisol
(Wachowski 201P Along with the above ground vegetatisampling, soil cores were taken to
assess whatascularspecies were present in the seed bartke donor site and thus what
species could be expected at the reclamation site (for more information see Fair 2011)

Prior to salvaging,dl pits were dugt the donor site to determine the optimum depth of
the two forest floor salvage treatments. Thepdssdvage treatment was chosen t@d@em
because this was the effective rooting depth of the trees whileestgliningin good quality
mineral soil Avoidingheavy clay and nutrient poor subdudrizons) It was also predicted that
at this depth theadl would be able to retain moisture better and keep the salvaged aspen roots
alive (Wachowski2012. The shallow salvage treatment was chosen to be 15 cm because this
depth contained most of the forest floor and therefore root systems and propéathdes

understory plant species pres@rdir 2011).

2.2.3Soil salvage and placement procedure

In late Janmary 2010 the treeat the donor sitevere sheared qgffust above the forest
floor, with the straight blade of a-D1 caterpillar. This was done durifrgzen soil conditions-(
16°C) to minimize compaction and disruption of the s@flachowski2012. Shortly after
shearingD-11 caterpillars were used to salvage the soil and root systéhesA@tcm and 15 cm
treatment depths. This was achiewgdpushing the soil into alternating windrows of each

treatmentepth(Wachowski2012. The 15 cm treatment was salvaged witly one pass from
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the D11 caterpillayrwhereaghe 40 cm treatmemequired at least two passes.i§kvas noted as
it resultedin greater handling of the 40 cm treatment (R8it 1).

Due to the use of industrial sized machingngre were slight deviations from the target
depthsduring salvaginghowever these deviations were adjustedduring soil placemer{Fair
2011) Following salvagingthe forest floor material (approximately 14,000 tonnes) was loaded
separatelylfased on salvage depthto Caterpillar 785C dump trucks and transported to the
reclamation siteEach truckcaried between 12140 tonnes for a total of appimately 100
loads (Fai2011). Once at the reclamation sitee donor material as spread directly on top of
good qualityoverburden materiah alternating strips of the two salvage depthsg D10 and
D-11 Caterpillar bulldozeraNachowski2012. As a result of the size of the site and equipment
used placing the soil at the exagepth waslsochallenging however the rdative difference
between the 15 cand40 cmtreatmend was maintainedcor examplethe lower slope of the
reclamation site reoeed a slightly deeper placemasftboth treatment deptlisan the upper
slope (Fair2011). The entire salvagand placement procedure took 16 days to complete (Fair
2011D).

2.2.4Experimental design and cover crop treatments

This research was performed on an approximately foued¢dlamation sitevhich had
beenpreviously minedandre-filled with overbuden material to create al2%northwest facing
slope(Wachowski2012) Theexperimentvas set up as a blockesplit-plot design with six
experimental block€100 m wide by 63n long). Half of the blocks were located on the upper
slope position of the site and the other half on the lower slope pogthoh block received both
salvage depttreatmens (15 cm and 40 cm) with faur meter buffer between them, thus
creating twosalvage depth plo{g8 m wide by 6 m long within each blockA cover crop
treatment with four levels of species was superimposed randomly onto each of the two salvage
depth treatments. This resulted ighd treatment plots (48 m by 15 m) per block and a total of
48 in the studyWithin each treatmerglot, four permanenbne square meter vegetation
assessment plots weestablishedor long term sampling (total of 192nd two permanent
stakes were usdd center the 56’ treeseedlingassessment plots (total of 46)gir 2011).

OnMay 20 2010, one quarterf thetreatment plotsvere seeded witMelilotus
officinalis (L.) Lam. (yellow sweet cloven)sing anEartiVay Ev-n-spread 2704\ (EarthWay
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Productdnc., Bristol, IN)hand held seedat a rate of 0.2 kg/ha (F&011). This was achieved
by using an opening size of 1.25, mixithg M. officinalisseedwith 200 g of cornmeal to even
out the spread, and making four passes over eacht@atelativelyquick walking pacéFair
2011). In addition toMelilotus officinalis(sweet clover)Hordeum vulgaré.. (barley) and
Chamerion angustifoliur(l..) Holub (fireweed) were each seeded into one quarter of the
treatment plotat rates of 9.1 kg/ha and 2.7 kgfieapectively (Fair 2011). Prior to seedirftg t
germination rates of all seeds were tested anddbding ratewerechosen based on typical
seeding rates for reclamatianeagFair 2011). The last quarter of the treatment plots was not

seeded and acted a control, allowing vegetation to recover from the original soil lsaeki.

2.2.5 Tree sedling stock and plantingrrocedures
Oneyearold containerized seedlings of three tree speélep|flus tremuloidesicea
glauca andPinus contortawere grom commercially from open pollinated seed sources by
Smoky Lake Forest NursefySmoky Lake, Al berta, Canada 54A6N
Populus tremuloideseed cme from the Edmonton ar¢a3.65°N, 11335°W) and seedlings
were grown in 615tyroblocks (Beaver Plastic, Edmonton, AB) with a cavity size 6 cm in
diameter and 15 cm deep36 ml of soil volumg Pinus contortaandPicea glaucaseed was
collected inthe Drayton Valley aregb3.22°N, 114.97W) and these seedlinggere grown in
412A styroblocks {25 m). The average height of seedlings at the time of plating was 33.7 cm
for Populus tremuloidesl0.2 cm foPinus contortaand 24.4 cm foPicea glauca
Tree planting at the research site was completed dwe day period September 2
27) in early fall of 2010Trees were planted at 1.3 m spacing using 64 m long planting ropes
with pink flagging to mark out every 1.3 flanting lines were kept parallel by running the
ropes between two evergpaced survey stakes which were set upgatbe upper and lower
edge of the planting boundary. The resulting planting density based on these methods was 5,917
stems/haTree seedlings were planted as a random mixture walicof 40% Populus
tremuloides 40%Pinus contortaand 20%Picea glaua or a 2:2:1 mix respectivelyWhile
maintaining the desired planting mixture, tree planters also ensured that no more than 3 seedlings
of the same species were next to each other in the samé&hisvgpecies mix wassed
throughout the treatment areavesl asin the buffer areas and plot edgbeseachreatment plot,
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25% of the area was left unplantiedassesgaturalvegetation establishment (Fair 20hd

asperroot suckeringWachowski 2012).

2.2.6 Treaand vegetationmeasurements

Prior to bud flish in May2011, initial tree measuremengtseight and root collar diameter
(RCD))were taken in th&0 nt circularseedling assessment pldEsch plothad a centradtake
whichwas mar ked with fl agging t ageaedsaatitestake 3. 99 m
for delineating the plotStarting with he ropeextendedlirectly upslopegouth) andnoving in a
counterclockwise direction, all planted tree seedlings occurring between the stake and end of the
rope were measured until a complete circle waden

For all seedlings within the plotseight was measured the nearest 0.5 cfrom ground
level to the bottom of the terminal bud &RED was measured at ground letelthe nearest 0.1
mm. Yearly growth was calculated by subtracting the averagénhefghe current year by that
of the initial planting height for 2011 and then the height of the previous year for 2012 and 2013.
Average mortality was calculatémm the proportion of living seedlings in a given plot after
each growing season, compared to the initial giwisityof each species. Browsing data was
calculatedafter each growing seasas the proportion of living trees which showed evidence of
recent bowsing in each plotGeneral commentsere recorded otree healthplanting quality
mortality, andnsect antbr herbivore damage

For theinitial measuremenionly half of the seedling assessmglots were measured
order to attain an average iaitheight and diameter for each speckeslowing the 2011, 2012,
and 2013 growing seasons, data was collected from all of the 96 seedlin&eéatkng
measurementfor 2011 and 2012 were taken in the spring of the following lyeaause the
vegetatiorcoverwas too densanithe fallto efficiently locate and measure all ttiees.
Measurements for 2013 were taken in the fall of the same year because the trees had grown large
enough to be efficiently located amidst the other vegetalioa.sameneasumg and recording
procedures were uséaroughout the duration of this experiment

This research site was established in the spri@d® which allowedhe vegetatioone
full growing seasoto become establishéxkfore the tree seedlings were planted. At the end of
2010, total average cover was significantly more in the 1Satwage and placemedépth than

the 40 cndepth(31% and 21%espectively) and in the swedbver plots compared to the
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control (29% an@4% respectively) (Fair 20)1Further monitoring of @getatiordevelopment

took place during the periods of Augus1®, 2011 and August 122, 2012 irthe 192(1 nr)
permanent vegetation plots. During eashessmenindividual species were identifiedna ther
percent covewas estimatedPercent cover was measured to the nearest 1% if less than 10% and
to the nearest 5% if greater than 10% cover (#alr]). Cardboard cubuts of 1%, 5%, and 10%
were used to help gauge accurate percent cover estiamatéise same researcher preformed all

of theestimations to ensure consistency

When possible, species were identified in the field during the assesshwenser if
exact species identification was not possible in the field, the specimen was cofiezssdd,
given a descriptive name, and brought back to the lab. Once in the lab, other resources such as
identification bookgMoss 1994; Royer and Dickinson 2007; Johnson et al. 2009; Bubar et al.
2000)or colleagues with exgrience identifying plants we referenced. All amenclaturaised
follows the United States Department of Agriculture Plants DatafidS®A 2013)

The most common and abundant speoregroups of similar species throughout the 2011
and 2012 growing seasons wesamined to determine their effect on tree seedling growth and
mortality. Species were determined to be common based on their average percent cover as well
as the proportion of plots which they were present in. Depth and cover crop treatments were also

considered to determine their effect on species composition and abundance.

2.2.7 Statistical analyses

In the year following seeding of the cover crops (2011), fireweed and barley did not
successfullyestablishand therefore were not included in the subsetjanalysesAs a result the
rest of this thesis will focus on comparisons between tr@\sweet clover and control cover
crop treatments

Prior to running any statistical tests, the residuals of all data being used were checked for
normality using the BapiroWi | kés test and equality of wvarian
only minor deviations from normality which, when visually assessed, did not skew in a particular
direction. As a result, the statistical tests were carried out without transfaamyrapta because
the PROC MIXED procedure in SAS 9.2 (SAS Institute, Cary, NC, USA) is robust to minor
deviations from normality (Littell et al. 2006).
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This study was set up adkcked splitplot design to determine the effect of soil salvage
and placenent depth (15 cm and 40 cm) and cover crop (sweet clover and control) on growth
and mortality ofPopulus tremuloides, Pinus contorndPicea glaucaseedlings. The depth
treatment was the main plot (fixed effect), cover crop was thempti{fixed efect), and block
was included in the random ter@verall tree height and mortality datereanalyzed using a-3
way Analysis of Variance (ANOVA) with depth, cover crop and tree species as variables.
Additionally, annual tree growth and mortality data waslyzed over the duration of the
experiment (2011, 2012, and 2013) usingvaad repeated measures ANOVA with depth, cover
crop, tree species and year as independent variables. Results of the Type Il Test of Fixed Effects
were examined to see if any bktvariables had a significant main effect or if a significant
interaction occurred between any variables. Whenever an interaction occurred, comparisons were
made using Ismeam@sdalpha was adjusted manually for the predetermined number of
comparisons. Both statistical analyses were performed using the PROC MIXED procedure in
SAS 9.2 and an alpha of 0.05 (SAS Institute, Cary, NC, USA). Furthermore, annual tree
browsing datavas anatzed separately each yeafor each speciessinga twoway ANOVA
with depth and cover crop as variabl€Bis analysis was also performesing the PROC
MIXED procedure in SAS 9.2 and an alpha of 0.05 (SAS Institute, Cary, NC, USA).

Vegetation cover ovehe 2011 and 2012 growing seasons was analyzed usiagg 3
repeated measures ANOVA with depth, cover crop and year as variables. The analysis was run
separately for total cover (which exclud®aeet clover inthe cover crop plots), sweet clover
cover,and overall cover (which included sweet clover cover). This statistical analysis was
performed using the PROC MIXED procedure in SAS 9.2 and an alpha of 0.05 (SAS Institute,
Cary, NC, USA). Cover data from the four most common species (or group of Sip@taes) as
well as the cover cropMelilotus officinali9 was compared to annual tree growth and mortality
data throughout the 2011 and 2012 growing seasons using simple linear regressions to determine
if any correlations existed. Simple linear regressiamere performed using the PROC REG
procedure in SAS 9.2 and an alpha of 0.05 (SAS Institute, Cary, NC, USA).
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2.3 Results
2.3.1Total mortality and annual mortality rates

Following three growing seasonas this reclamation site, totalortality of Populus
tremuloidesandPinus contortaseedlings wa62% and 59% respectively. This was much higher
thanin Picea glaucawhere total mortality over the same period was only 25% (Aw: SEM=5.10;
Pl: SEM=4.58; Sw: SEM=6.16; p<0.00Dverall, combined mortdl of the three tree species
in the 15 cnrealvage and placement depth treatnveat approximately twice as much as in the
40 cmtreatmen{15 cm: average=64%, SEM=4.95; 40 cm: average=34%, SEM=3.90; p=0.012)
Furthermore, the sweet clovesver croptreatment increased mortality acr@distree species
and placement deptlisweet clover: average=53%, SEM=4.97; control: average=44%,
SEM=5.20; p=0.038)

Similar to total mortality, the annual mortality rate across all three species was higher in
the 15cm treatment than in the 40 cm treatment with the exception of 2013 which had no
difference between depth treatmerig(re2-1). The mortality rate following each growing
season (annual mortality rateps affectedy placement deptthowever the pattarvaried most
among the three trespeciesat a placement depth of 15 ¢depth byyear by species interaction,
p<0.001 Figure2-2). For example, in the 15 cm deg@@htremuloidedad its highest mortality
(49%) after the second year (2012), witleconbrta had itshighestmortality (40%) after the
first year(2011) Alternatively, Picea glaucalid not show any statistically significant
differences among the three years in the 15 cm placement tregtioweter the highest
observed mortality occurreadfter the second year (#3. Within the 40 cm treatment, the
mortality rate was similar acro8s tremuloidesindP. contorta wheread$. glaucagenerally
had less mortality.

Annual mortality rates were also different in the sweet cloweecccroptreatment
compared to the contr@tover crop by year interaction, p=02)@-igure2-3); however there
were no differences among tree spedi@dlowing the 201growing seasarthe mortality rate
was about 10% higher in sweet clover plots compared to conttelyloch only had 15%
mortality. However,after thesecond (2012) antthird year (2013) mortality raselid not differ

between the sweet clover and control plots
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2.3.2 Total leight andannual growth rates

After three growing seasons, ttotal height ofPopulus tremuloides?inus contortaand
Picea glaucaseedlings was greater in the 40 cm salvage and placeméntiagtment than in
the 15 cm(15 cm: average=41 cm, SEM=2.90; 40 cm: average=57 cm, SEM=4G004).
Furthermore, the difference tatal height ofP. tremuloideseedlingsn response to the depth
treatmentvas proportionally greater than in the other two spdgdeth ly species interaction,
p<0.001; Figure-4). In the 40 cm depth treatmet, tremuloidesseedlings reached an aage
height of 92 cm and were taller than those in the 15 cm depth (6&cgiucaseedlings also
had greater total height in the 40 cm depth treatments compared to the 15 cm depth (48 cm and
38 cm respectivelyRinuscontortagrew to an average heighit 31 cm at the 40 cm depth
although this was not significantly different from the 26 cm seedlings in the 15 cm depth.
Overall total height of tree seedlings was not affected by the cover crop treatnibis
experiment (p=0.112; data not shown).

Annud growthratesmirrored the trend of final height as they were afspacted by the
soil salvage and placement depth which varied by species (depth by species interaction,
p=0.025).PopulustremuloidesandP. glaucaseedlingshadhighergrowth ratesn the 40 cm
depthtreatmenthanin the 15 cm depttreatments, while the growth rateffcontortawas not
affectedby the depth treatmerithe cover crop treatment had averall neutral impacinthe
seedlinggrowthrates; however the response vam@aongyeass (cover crop by year interactipn
p=0.01Q Figure2-5). In 2012, annuafrowth rates of seedlings were less in the control plots
than in the sweet clover plots. Furthermore, the 2012 growth rates in the control plots were less
than all other yeaand cover crop combinations, which demonstrated similar average growth
rates Thisreduction in growth ratezas mainly driven by. tremuloidesvhich hadless annual
growth incontrol plotsduring the2012growing season resulting in an almost signiftaczover
crop by species by year interacti@s 0.058 Figure2-5). PinuscontortaandP. glaucaseedling
also tended to hauewer growthratesin the control plots in 20thowever thesedecreases
were na significant The reduced growth rates in the control plots during 2012 influenced yearly
growth rates such thatl tree species expgenced the least growth in 2012 compared to 2011
and 2013 (2011: average=10 cm Ye&@EM=0.75; 2012: average=7 cm yeaBEM=0.87;
2013: average=11 cm y&arSEM=0.95; p<0.0001
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2.3.3 Total cover and competing vegetation

During the initial year of vegetation development (2010), the 15 cm soil salvage and
placement depth hagteater total covefwhich excludesweet cloveseedd as a cover crop)
than the 40 cm depfrair 201); however this effect did not last into 2011 or 2012.
Furthermoresweetclovercover and overall cover (which included the seesleeet clover
were also not influenced by the depth treatmien2011, total cover wasess in the sweetlover
plotsas compared to the contyabts (p=0.01). This is because the average coveweét clover
was58%in the plots where it was seeded, compared to control plots which only heweito
clover(Table2-1). Although the presence siveet cloveduring its mature state in 2011
significantly reducedhe cover of other vegetation in the sweet clover plots, it also considerably
added to the overall plot cover which was 135% compared to 102% in the controls2(Iable
In 2012, whersweet clovewas immatureits averagecover in sweet clover plots was ordl$%
andthere were no differencestotal coveror overall cove(Table2-1).

Throughout the 2011 and 2012 growing seasonfglium sp. (Trifolium pratense..,
Trifolium repend.., andTrifolium hybridumL.), grassesGalamagrostisanadensisnd all
other grasses combine®ubus idaeuk., andGaleopsis tetrahit.. werethe most dominant
species in terms of percent coasd abundancdll of these species @aknown competitors in
borealreclamation areaand reducéree seedling performancéweet clovemwas also a
dominant species and can compete with tree seedlings, although it was mostly confined to the
sweet cloveplots withonly a small amourdiccurringin the control plots<5%).

Over the two growing seasons, soil salvage and placement depth played a larger role in
influencing percent cover of the dominant spgd¢ien theover cropreatmen{Table2-2). In
2011, Trifolium sp. cover was 54% in thé& m placement depth, which was greater than in the
40 cm depth{30%), and at both depths cowvgeclinedin 2012 (p=0.037). All other species had
relatively low average cover in 20bit showedncreaseaoverin 2012. The increase in cover
was influenced by soil placement depth such Bhdius idaeubad the greatest cover in the 40
cm placement depth treatment (p<0.001) as opposed to grass specsesemmsis tetrahit
which had greater cover in the 15 cm tihefpeatment (p<0.001 and p=0.008 respectively).
Throughout both years, swedbver plotshadreduced cover ofrifolium sp. compared to the
control plots (p<0.001). On the other ha@@leopsis tetrahitover was greatest in the sweet
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clover plots followng the 2012 growing season (p=0.008). Percent coeubtis idaeuand

grasssp. was not influenced by tleever cropgreatmeniTable2-2).

2.3.4 Annual mortality and growth in relation to the top five competitors

In terms of percent covefyifolium sp. andVielilotus officinalis(sweet cloveryvere the
most dominant species in 2011 and grassRabus idaeysandGaleopsis tetrahitvere the most
dominant species in 2012herefore these species were further examined to determine the
influence ofcompetition on annual mortality and growth of tree seedliRgsis contortavas
the only speciewereannual mortality was negatively influencedtbyal competitor cover
(combined cover ahefive competitor specigqFigure2-6). FurthermoreP. contortahad
greater mortality in plots with increasstelilotus officinalisandTrifolium sp.cover(Table2-3).
In contrast, bth Populus tremuloideandPicea glaucdaced higher mortality in plots with
increased grass sgrigure2-7) andGaleopsis tethit cover, however they were not influenced
by total competitor coveRubus idaeusover had an overall neutral effect on annual mortality
of the three tree species despite its dominance and known competitive Aatwral growth of
Pinuscontortaincreased in plots with great®telilotusofficinalis cover (Figure2-8) and
decreased in plots with greatgmass sp. anGaleopsistetrahit cover.Populustremuloidesalso
experienced reduced growth in plots with greater gras®spr ¢Figure2-9) whereasd?. glauca
growth wasslightly increasedby Rubus idaeusover. Total competitor cover afidifolium sp.
cover both had a neutral influence on annual tree growth over the two growing fdatde2-
3).

2.3.5 Browsing

The majority of browsing occurredh@inuscontortaseedlings, followed bfopulus
tremuloidesand therPiceaglauca More P. tremuloidesverebrowsedin 2011compared to
2012; however depth and cover crop treatment diéffiett the amount of browsing in either
year(Table2-4). In 2011,P. contortaexperienced significantly more browsing in the 15 cm
depth plots than the 40 cm and in the comgtots as compared to the swektver plots. In
2012 40% ofP. contortaseedlings wererowsed and dring this timeapproximately 30%nore
browsing occurreth the contol plots compared to the sweddver plots(p=0.005) P. glauca

hadthe leasbrowsing with yearly averages oily 3%.
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2.4 Discussion
2.4.1 Soil salvage and placement depth and tree performance

After the three growing seasons it was evident that all tree seedlings performed better in
terms of survival and growth in the 40 cm salvage and placement depth treatment compared to
the 15 cm depth. However with this in mind, there were some differehsesved among the
three species and throughout the three growing seasons. Total mortality of roughly 0% for
tremuloidesandP. contortawas over double that &f. glaucaand the majority oP. tremuloides
mortality occurred at the 15 cm depth in 2012, as opposEd ¢ontortawhich had the most
mortality at the 15 cm depth in 2011. Annual mortalityPotremuloidesandP. glaucawas most
strongly related to the average plot cover of grass species which, in 281¢reater in the 15
cm depthP. contortamortality was most strongly related to total competitor cover and in
particular,Melilotus officinalisandTrifolium sp. cover. Both of these species were more
prevalent in the 15 cm depth treatment in 20d&lilotus officinalis Trifolium sp. and grass sp.
are competitive species which are known to cause mortality of tree seedlitigsr presence at
this reclamation site and in particular on the 15 cm depth treatment can help explain the high
mortality rateqTorbert and Burger 2000; Lieffers et al. 1998/hile these correlations were
significant and complemented field observations, it is possible that they are not as strong because
the tree and vegetation mensuration plots did not always overlap and thetse®ypered a
greater area.

Additionally, the high mortality rates observed in this study could have been influenced
by the quality of planting stock which can play a significant role in seedling survival and
competitive ability (Grossnickle 2005; Lardllsser et al. 2012). While this may have added to
mortality, it seems more likely that the time of planting played a larger role. In other studies on
reclamation sites in the boreal wh&epulus tremuloideseedlings were planted in the spring,
immediatelyfollowing site set up, mortality rates were less than 5% after two growing seasons
(RodriguezAlvarez 2011; Schott 2013). Seedlings in this study were planted in the fall onto a
site in which the herbaceous vegetation already had a full growing seasarelop, after which
total cover was greater at the 15 cm depth due to less dilution of the propagule bank (Fair 2011).
Therefore during initial establishment in 2011, tree seedlings were already faced with high levels
of competition from previously estasthed vegetation. As a result of seed dispersal and

continued germination, the dilution effect did not last beyond 2010 and overall cover during
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2011 and 2012 was not significantly different between the two treatment depths. The
considerably lower mortaiitrates seein other studies can be explained by tree seedlings facing
less competition from other vegetation because either plastic mulch was used to control weeds or
stockpiled soil was used and this resulted in less vegetation establishment (Redivguez

2011; Schott 2013). With complete vegetation colgint becomes limiting and it is the taller

and/or shade tolerant species which gain the competitive advantage and have a better chance of
survival.

Along with reduced mortality, the total heighfttree seedlings planted on the 40 cm soil
salvage and placement depth was greater than in the 15 cm depth. This trend was apparent in
annual growth rates &f. tremuloidesandP. glaucahowever the growth rate &. contortawas
not affected by depttieatment The 15 cm treatment depth tended to have greater percent cover
of the taller and more competitive species suchrdslium sp., grass sp., arMelilotus
officinalis, however by the end of the 2011 growing season both depth treatments hadecomple
vegetation cover. A study by Franklin et al. (2012) discussed the possibility that there is not
always a direct correlation between total ground cover and tree growth; instead the composition
of the cover is more important. This could explain why te=zling growth was most strongly
related to individual species cover. In particusamual growth declined iR. contortaandP.
tremuloideswith increased grass sp. cover whereas annual groviRhglaucaslightly benefited
from Rubus idaeusover.Furthermore the lack of a growth response to soil depth s€@n in
contortacould be explained as this species weatively shorer atthe time of planting ani
shade intolerant. Therefore it faced higher levels of competition for light even at the 4pttm d
compared to the tallé?. tremuloidesind the shade toleralt glauca P. contortatypically
establislkeson open, sandy sites agtbws quickly due teeducedcompetition fodight so
conditions on this reclamation site were not ideal for growthisfdpeciesin addition,P.
contortaexperienced the most browsing of all three tree seedlings, especially in 2012. Therefore
it is also possible that the positive effect of the 40 cm depth treatment on annual growth may

have been negated by browsing ew/rgrowth is like candy for ungulates.

2.4.2 Cover crop and tree performance
In comparison to the effect of soil salvage and placement depth on initial tree growth and

survival, the cover crop treatment was less influential. After three growing sesseasclover
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had a negative impact on tree mortality and a neutral effect on tree Aagitmortality was
higher in sweet clover plots compared to control plots; however this result was driven by
increased annual mortality rates in 2011 as mortalityneaslifferent in 2012 or 2013. The
increased mortality rate in 2011 occurred when sweet cleasmature (tall stage) and had
formed a canopy which covered an average of 60% of the plots. When mature, sweét elover
strong competitor (Dickenson et al. 2010; Blackshaw 2001) and while it has a diffuse ¢anopy,
tremuloidesandP. contata are shade intolerant species and can have reduced survival in an
understory séihg (Landhéusser and Lieffers 2001Jhis was een in the positive relationship
between annual mortality &. contortaand increased plot cover of sweet clover. As a shade
tolerant species, the mortality Bfcea glaucavasrelatively unaffected by the cover crop
treatmentTherefore it is likely thathe combination ofompetition and shade from sweet clover
resulted in greatanortality of P. contortaand, to a lesser extef, tremuloidesseedlings in

sweet clover plots compared to control plots in 2012012 sweet cloveras less competitive

in its immature state (short stage) and in 2013 tree seedlings were more established so the
influence on mortality was similar to that in the control plots during these years. Furthermore,
the overall impact on tree mortality might have been lower in 20ddexilings had been planted
in 2010 at the same time thateet clovewas seeded. In this case tree seedlings could have
become established earlier and thus would have been taller and better able to compete in 2011
when sweet clovervas mature.

In general sweet clovehad a neutral impact on the final height of tree seedlings however
it did affect the growth rates during the 2012 growing season. A trend of reduced annual growth
for all species occurred in 2012; however during this growing season graeghwere greater
in the sweet clover plots compared to the control plots. This was drivientimuloidesvhich
had the greatest difference in growth rates between the sweet clover and control plots in 2012
compared td. contortaandP. glauca This careither be explained by a generally poor growing
season in which the presence of sweet clagea cover crop was able to benefit tree growth or
because control plots had less suitable growing conditions during this year.

If the former is true, then becseP. tremuloidesas indeterminate growth it was
possibly better able to take advantage of the open canopy and increased light levels in 2012 when
sweet clovewas in its immature statl. contortaandP. glaucahave determinate growth so

they would havdeen less able to take full advantage of the open canopy conditionsP Also,
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glaucahas shown the ability tanaintain similar, if not better, height grondinunderstory as
compared to open areas (Laddsser and Lieffers 200%p increased light wouldom
necessarily affect the growth of this species as nieethaps in the future as sweet clover
continues its biennial cycle of growth and is slowly phased out of the community, tree seedlings
would have more pronounced benefits in terms of total heightanual growth rates from this
cover crop.

However because sweet clovkd not increase growth rates in 2012just maintained
growth at levels consistent with other years and the control plots in 2011 andtBéa3he
latter may be true and sorh&tg was occurring just in the control plots to reduce tree growth.
General weather data supports this conclusion as the growing season temperature was similar to
other years and there was only an average of 20 mm more precipitation than the previsas year
there is no obvious reason why yearly growth rates would have been reduced in 2012. Therefore
it is most likely that some abiotic or biotic factor in the control plots was reducing the growth of
trees and it was not present in the sweet clover plosedan personal observations in the field,
the control plots in 2012 were often covered with a mat of deéalium pratensestems and
leavesfrom the previous year which was smothering tree seedlings. In comparison, the sweet
clover plots did not experience this because the mature plants from the previous year remained

standing so there was not a mat of dead vegetation on the ground.

2.4.3Vegetation response to cover crop

Along with promoting tree growth and surviytiie desired function of a cover crop is to
reduce undesirable weedy species which are not part of the maturedonestinity. In this
case, sweet clovevas able to reduce tlaerage plot cover dafrifolium sp. however the
average plot cover @daleopsis tetrahitvas ircreased in sweet clover plots during #04.2
growing seasowhen sweet clover was immature. Therefore in terms of competition it seems
thatTrifolium sp. can b suppressed although, as overall cover was not influenced by the cover
crop treatment, this means tlsateet clovewas acting as a replacement competitor. However,
this is only the case when sweet cloi®mature so in the long ruwith its biennial Ifecycle
sweet clovecould provide less competition to tree daggs and understory species tha
perennial cover crof.he only drawback is that during the immature phase of sweet clover

annual species, such Gsleopsis tetrahjtwhich produce many eds and survive in the seed
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bank are able to establish. This occurs because the stalks of mature sweeériairestanding
after they die which reduces the amount of decomposing material covering the ground, allows
light penetration, and provides bamgnd for species migration while still adding some leaf
litter to the surface. While this may increase the abundance of annual species it can also provide
conditions more favorable for understory species. In a study looking at understory species
developmat on this reclamation site it was found that in 2012, when sweet cl@agemature,

the cover of forest species was not affected by the cover crop treatment however other (non
forest) species and narative species cover was less in sweet clover plotpawed to control

plots (Macdonald et al. unpublishe&urthermore, one added indirect benefit was that mature
living and standing dead sweet cloypdaints were able to act as a physical barrier and reduce
browsing ofP. contortawithin the sweet clover pts in2011 and 2012 compared to the control
plots.

2.5 Conclusions

Soil salvage and placemergpth had the greatest impactioitial treegrowth and
mortality; therefore it is recommended that, in similar environments to those found at this
reclamation sitesoil should be salvaged and ditggilacedat agreaterdepth.Furthermore in
this same study th#eeperdepth showed greater aspen suckering and growth as well as increased
cover of forest understory species (Wachowski 20Aa;donald eal. unpublished The
benefits ofusingyellow sweet clovefMelilotus officinali§ as a cover cropere minimal and
additional research in seedling density and seeding time might be reduiredsed mortality
andcompetitionare the main risks of usj a cover cropnd sweet clovarvas no exception in
this study. Sweatloverplots had increasealverdl mortality of tree speciesompared t@ontrol
plots andoverall height was not impacted by the cover crop treatméetefore initially it
would appear that sweet cloveid not provide any benefits in terms of reduced mortality or
increased growth; however there were the indirect benefits of redRiting contortebrowsing
andTrifolium sp. cover which might have resulted in the reduced annoatigobserved in the
control plots during the 2012 growing season. Presumably the impact of mortality would have
been reduced if trees were planted in the same year that sweetwdsvezeded and in this case
the benefits of using sweet cloveay have atweighed the costs. Either walijg study oty

follows the impacts of sweet cloven annualtree growth and mortality over three growing
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seasons so research would benefit from a longeitorong period to determine what impacts

the biennial life cyclef sweet clovecould haveon long term forest restoration.
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Tables

Table 2-1: Average totatover(excluding sweet clover), sweet clover cover, and overall cover
(including sweet clover) following the 2011 and 2012 growing sea&&sllts are from a
Repeated Measures ANOVA for each cover type (nHegre werano interactiongor soil

salvage and placement depth treatmsatggnificant differences for main effects are displayed
usi ng hH aThe caverccropitteaiment had grsficant interaction with time s x ,andy ,
zOwere used to indicate differendggdJ=0. 05) .

Total Cover Sweetclover Cover Overall Cover
2011 2012 2011 2012 2011 2012

Depth

15cm 85% a 113% a 34% a 11% a 119% a 124% a
40 cm 90% a 113% a 28% a 5% a 118% a  118% a
Cover Crop

Sweet tover 77%Yy 113%x 58%x 14% y 135%x 127% xy
Control 98%x 113% x 4%y 2%y 102%z 115% yz

Table 2-2: Average percentover of the four most dominant species pret@otughout th011

and 2012yrowing seasons. A Repeate@ddsures ANOVA resulted in significant main effects of
depth, cover crop and year as well as interactions between depth and year and cover crop and
year(U = 0). Sighificant interactions between depth and yeanbinations fom given species
areindicatedwi t h t he | etters fAa, b, and foragwher eas

speciesareindicatedwi t h t he | etters fAx and yo. Significa

of both years and are represented by A*o.

Galeopsis
tetrahit

2011 2012 2011 2012 2011 2012 2011 2012

Trifolium sp. Rubus idaeus Grass sp.

Depth

15cm 54%a 12%c 4%b 8%b 4%b 26%a 1%c 19%a
40 cm 30%b 7%c 8%b 19%a 5%b 11%b 3%bc 10% ab
Cover crop

Sweet over 29%x* 2%x*  8%x  15%x 5%x  20%x 2%y 20% X

Control 55%x* 17%x* 5%x  12%x 4%x 18%x 2%y 9% xy
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Table 2-3: Simple LineaiRegression results for annuede mortality and growthates for
Populus tremuloide6Aw), Pinus contortgPl), andPicea glaucg Sw) compared tdhe
combined and individual percent plot cover of thye five competing specieroughout the
2011 and 2018rowing seasonsSignificant relationships at®lded (U = 0 ) aAdsnumbers
presented are‘Rralues

Total Melilotus  Trifolium Rubus Grass Galeopsis
Comp. officinalis species idaeus species  tetrahit

Mortality rate
(% year™)

Aw 0.021 <0.001 0.066 0.002 0.294 0.210
Pl 0.253 0.170 0.101 0.077 0.023 0.048
Sw 0.015 0.005 0.022 0.010 0.182 0.233
Growth rate

(cm year?)

Aw <0.001 0.015 0.007 0.034 0.168 0.072
Pl 0.036 0.172 0.016 <0.001 0.189 0.176
Sw 0.007 <0.001 <0.001 0.095 0.031 0.011

Table 2-4: Average lbowsingof Populus tremuloidefAw), Pinus contortgPl), andPicea
glauca(Sw)following the 2011 and 2012 growing seas@ms6). There were no significant
interactions and significant differences in m
for the soil salvage amql | acement deptoh atyddefad metnh e atmay éiix cr o
U=0).05

2011 2012

Aw Pl Sw Aw Pl Sw
Depth
15cm 17% a 18% a 4%a 8%a 28%a 2%a
40 cm 10%a 7%b 1%a 6%a 51%a 5%a
Cover crop
Clover 13% x 6% x 4% x 8% x 25%x 2% x
Control 13% x 19%y 1% x 7% x 54%y 5% x
Total 13% 13% 3% 7% 40% 3%
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Figure 2-1: Average annual mortalitsatesin 2011, 2012, and 2013 of tree seedlings grown in
15 cm and 40 cm soil salvage and placement depth treatrivkortslity rates werealculated
from theproportion of initial treeshat were still livingfollowing each growing seasoBrror

bars are standard error of the mean (n=36)d#ierentletters above bars denote significantly
different means.
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Figure 2-2: Average annual mortalitsatesin 2011, 2012, and 2013 & tremuloideqAw), P.
contorta(Pl), andP. glauca(Sw) grown in 15 cm and 40 cm soil salvage and placement depth
treatmentsMortality rateswerecalculatedrom theproportion of initial trees that were still

living each year. Ear bars are standard error of the mean (n=12) and letters above bars denote
significantly different means.
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Figure 2-3: Average annual mortalitsatesin 2011, 2012, and 2013 tvee seedlings grown in
sweetclover and control cover crop treatmemiortality rates werealculatedrom the

proportion of initial treeshat were stillalive followingeach year. Error bars are standard error
of the mean (n=36) ardifferentletters above bars denote significantly different means.
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Figure 2-4: Averagetotal height ofP. tremuloideqAw), P. contorta(Pl), andP. glauca(Sw)
afterthree growing seasons in the 15 cm and 40 cm salvage and placement depth treatments.
Error bars are standard error of the mean (n=12pdfetentletters above bars denote
significantly different means.
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standard error of the mean (n=12) aiiiflerentletters above bars denote significantly different
means.
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Chapter 3: Early vegetation development in response to capping

material and fertilization regime in oil sands reclamation

3.1 Introduction

Surface mining occurs throughout the boreal forest region in Canada; however the largest
concentration of disturbed land can be found in the oil sands refimrthern Alberta. In this
region roughly 71,500 ha of land has or is currently being mined and approximately 7,100 ha is
under active reclamatio\lperta Government 20)3To reach the bituminous oil sands, which
can be accessed up to a depth of agprately 75 m, the above ground vegetation must first be
removed, followed by topsoil, subsoil, and overburden materials. Topsoil and subsoil are
stockpiled separately until their use in reclamation is required. The initial reclamation process
includes reifling the disturbed areas with mine residue and overburden, recontouring at a
landscape level, and capping the area with subsoil and/or topsoil. The stripped topsoil which is
used on reclamation sites as a capping material, is either a peat mineraiixdPa forest
floor material (FFM) salvaged from the mine footprifEM is atopsoil mixturewhich contains
organic forest floor materials (litter, fibric, and humicktH horizons) and the underlying A
and B mineral horizonsalvaged fronuplard forest sites. The PMManges from 100% peat to a
roughly60:40 mixture of lowland peat ammhderlying mineral soil otransitional mineral soll
salvaged fromowland areagAlberta Environment and Wat2011)

In general, when compared to natural soils, rewd soilshave elevated nitrogen levels
are more alkaline, have higher bulk density from heavy machinery traffic, and reduced soil
moisture along with raised soil temperatures due to the absence of a forest Eowlaynd et
al. 2009;McMillan et al.2007). Despite these general similarities, PMM and FFM have differing
soil properties which can influence vegetation development on these capping materials. For
example the PMM capping material generally has higher nitrogen and total carbon, lower
availabk phosphorus, and is more alkaline than the FFM (Pinno et al. 2012). Furthermore, PMM
has a higher water holding capacity whereas FFM has higher microbial activity (McMillan et al.
2007) and a more diverse propagule bank (Mackenzie and Naeth 2010). Haluevier the
topography of the original mineable area, peat is more abundant and therefore the PMM capping

material is more readily available for use in reclaorati
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The processes 0bs excavation and stockpiling create the most challefmes
revegetabn because of the harsh sodnditions which are createtihese include nutrient
limitations, low surface moisture, varying organic matter (OM) content, and a range of pH levels
which developing vegetation must contend with (Franklin et al. 2BihPo ¢ al. 2012). To help
alleviate some of these conditions, it is a common practice to broadcast spread an agricultural
grade immediately available fertilizer (IAF) to reclamation sites for up to five years following
revegetation (Pinno et al. 2012). Ferglizpplication has the potential to increase tree seedling
and vegetation establishment, promote soil stability, and enhance nutrient cycling recovery;
however this is not always the case as IAFs release nutrients quickly and their low rate of
capture, pdicularly in relation to tree seedlings, makes them inefficient (Rowland et al. 2009;
Sloan and Jacobs 2013). The low capture rate or fertilizer use efficiency (FEU) can be the result
of immobilization in the soil by microorganisms, uptake by competingtagign, as well as
leaching and possible contamination of surface and/or ground waters (Chang and Preston 2000;
Ramsey et al. 2003; Hangs et al. 2003; Fisher and Binkley 2000). Immobilization and leaching
occur because fertilizer is often applied outezah of tree roots and/or when nutrient
requirements are low (Sloan and Jacobs 2013). Furthermore, fertilization stimulapesitine
of herbaceousitrophilousspecies which can increase competition for trees and decrease the
migration of desirable boatunderstory species onto a reclamation stenfsey et al. 2001,
Alberta Environment and Wat@011; Davis et al. 1999

Understory species are important to boreal forest structure and function as they drive
biological processes, provide ecosystem sesjiand contribute to biodiversifyliisson and
Wardle 200%. It is common thatinderstory species mediate carbon dynamics, energy flow, and
influence nutrient cycling of essential nutrients such as nitrogen, phosphorus, potassium, and
magnesiun{Gilliam 2007) In addition, understory species add organic matter to soils, can retain
nutrients in an ecosystem, and are efficient at recycling nutrients because their foliage contains
relatively high concentrations of nutrients and quickly decompd@#sm(n 2007). This is
particularly beneficial on reclamation sites fwomoting soil formationalleviating initially
harsh conditionsand encouraging forest recoveltyis therefore important to consider the
effects of fertilization on boreal foreshderstory species. Northern boreal forests are nutrient
limited environments and many climax species in these forests are adapted to low nutrient

conditions. In these environments, nutrient enrichment could favour nitrophilous grass and forb
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species whicltan grow fast, tall, and have large leaf ar€asiger and Turkington 2013

Hedwall et al. 2018 These species will increase as a result of nutrient additions however
sensitive forest species, which are less competitive under high nutrient availebulty,

disappear. As a result, fertilization of boreal forest ecosystems can lead to a decline in species
richness Grainger and Turkington 201&illiam 2007. While this is often the case in a mature
boreal forest it is unknown how fertilization affetit® initial development and recovery

trajectory of native boreal understory communities on reclamation sites.

In comparison to IAFs, controlled release fertilizers (CRFs), which are more efficient as a
result of reduced leaching and uptake by competitandd potentially be more beneficial on
reclamation sitesSjoan and Jacobs 2013 hese fertilizers have a higher FUE because they
release nutrients slowly over time-18 months). Therefore release rates coincide more readily
with tree seedling demanad@nutrients are held in the environment longer (Sloan and Jacobs
2013; Donald et al. 1991). The use of CRFs on reclamation sites has shown promising results for
increasing the FUE of tree seedlings and reducing competition from other vegetation (Hangs et
al. 2003; Sloan and Jacobs 2013); however currently no studies have assessed the initial response
of boreal forest understory species to the application of CRFs. In terms of tree seedling
performance, CRF which is buried in the rooting zone of seedlirmter than broadcast
application because this reduces nutrient losses to competing vegetation. However, in
comparison, broadcast spreading CRF could be beneficial for understory species development as
they also often require some assistance to establigisurvive on reclamation sites. Many of
these species arise from propagule banks of the capping materials or migrate onto site from the
surrounding area; therefore as a result of their patchy distribution it is not feasible to apply CRF
to individual plants. In terms of broadcast application, CRF could be more beneficial for boreal
understory species than IAF because the delayed release of nutrients could potentially decrease
competition from ruderal, nitrophilous species which can dominant a site fotjdive
application of fertilizer.

This study was set up to determine the impacts of applying IAF as well as CRF on initial
vegetation development in two capping materials used for mine reclamation in northern Alberta.
In particular the influence of differg fertilizer regimes on seed bank expression, species
richness, vegetative cover, and forest understory community development was assessed over

three growing seasons.
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3.2 Methods
3.2.1 Research area

Research for this study took place on Mine Dump 8 (M(B8Yy 57' 41" N, 111° 18' 49"

W), a saline and/ or sodic overburden dump whi
Millennium Mine oil sands lease. The mine site is located about 30 km north of Fort McMurray,
Alberta and includes approximately 20,0000fidgand disturbed by mining activities since 1967.

Of this disturbed land, 1,439 ha are in the process of being reclaimed (Suncor Energy 2012).

This study was conducted within the Boreal Forest Natural Region on a site classified as
part of the Central Miedwood subregion (Natural Regions Committee 2006). The typical
landscape of this subregion is rolling hills with uplands dominated by aBpenl(s
tremuloidesMichx.) and white sprucgPicea glaucagMoench) Vosy as pure or mixed forest
stands. The lowying areas are wetlands dominated by black sprm®é& mariangMill.)

Britton, Sterns & Poggenpbogs. Upland forests contain a diverse understory incluRiosg
spp L., Viburnum eduléMichx.) Raf, Alnus viridis(Chaix) DC.,Shepherdia canadengds.)
Nutt., Cornuscanadensis.., Aralia nudicaulisL., andRubus pubescemi&af. Wetland areas
within the subregion often includeedum groenlandicur®eder Salixspp. L.,Betula pumilalL.,
Carexspp. L., and a diversity of peat and feather mosses (N&agabns Committee 2006).

The mineral soils in this subregion are typicallyagkuvisols which possess the
characteristic eluvial and Bt horizons and occur where the mean annual soil temperature is less
than 8°C. They usually support litter, fibric, dmamic (L, F, and H) horizons as well and may
have a degraded Ah or Ahe horizon (Natural Regions Committee 2006, Soil Classification
Working Group 1998). Lower lying forested areas are often imperfectly drained, resulting in the
formation of Gleyed Gray Lusols or Orthic Gleysols. The Organic soils which occur under fens
and bogs are typically Terric Mesisols (Natural Regions Committee 2006). These soils are at an
intermediate stage of decomposition and remain saturated with water for extended periods of
time (Solil Classification Working Group 1998).

The Central Mixedwood subregion experiences warm summers and long, cold winters.
Average daily temperatures in the area range from a minimub8d °C in January to 16.8 °C
in July with an annual average @7°C. Average annual precipitation totals 455.5 mm and
includes 342.2 mm of rainfall (mostly falling during the Magptember growing season) and

155.8 mm of snow (Environment Canada 2013). The climate data presented was collected by
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Environment Canadaaeessed 2014) at the Fort McMurray weather station (56°39'0" N,
111°13'0" W) and covers a 29 year average ranging from 1971 to 2000.

Precipitation during the first growing season (May to September 2011) totaled 97.6 mm
and the average temperature dutimg period was 15.9°C. In the dormant season from October
2011 to April 2012, 136.2 mm of precipitation fell and the average temperaturd @S. The
second growing season (May to September 2012) had 300.8 mm of precipitation and an average
temperatue of 16.3°C. Precipitation during the period of October 2012 to April 2013 totaled
169.9 mm and the average temperature-®#&5C. During the third and final growing season of
this experiment (May to September 2013), 320.7 mm of precipitation fell aadd¢hage

temperature was 16.2°C (Environment Canada 2014).

3.2.2 Capping material and site preparation

Suncor follows soil salvaging techniques and requirements set out in their Environmental
Protection Enhancement Act (EPEA) Approval No-02400 (as anended) for upland and peat
mineral mix surface soils and subsoils. Surface soils, which were utilized as capping materials
for reclamation at this site, were originally distributed within the footprint of the dump. Prior to
mining this area fell withinth fAdo0 ecosite classification (Becl
classification is characterized by an early successPogililus tremuloides?opulus
balsamifera and/orBetula papyriferaoverstory with submesic to mesic moisture regime and
medium nutrient status. After removal of the original forest cover, the site was stripped using
excavators, heavy haulers, and crawler dozers between August 2008 and January 2009. Prior to
stripping, wlen the ground was still frozen, D10 and D11 dozers with ripping blades were used
to separate upland surface soil from the subsoil. Surface soil was classified as the top 30 cm of
forest floor and included the L, F, H, and A horizons, as well as portidghe & horizon. As a
result, the surface soil is a mixture of organic forest floor and mineral material and will be called
forest floormaterial(FFM). Once the FFM was removed, another 30 cm was stripped which
contained a mixture of the B and C horizonswabsoil. Scrapers were used to separate each lift
and the material was hauled by truck 300 m west of the dump to a stockpiling area.

Lowland soils, which contained accumulations of peat over mineral subsoil horizons, as
well as transitional soils, westripped to a depth of approximately 30 cm. Soil was monitored

during the salvaging process to ensure a consistent 60:4thpeatl mix (PMM) was achieved.

42



The stripping process occurred from August 2008 to January 2009 and was completed using
excavatorgo windrow the PMM and load haul trucks. FFM, subsoil, and the PMM were placed
in separate stockpiles and left for 2 years before their use on this reclamation site.

In 2009, the dump was filled with saline and/or sodic overburden material and sloping
(with a goal of 6H:1V ratio) began on the central portion of the site. Prior to placement of the
FFM and PMM capping materials, the dump surface was overlain with 1 m of low sodic till to
provide a buffer between the capping materials and the overburdenainanderneattSurface
soil placement on MD8 began in August 2010 and was completed by June 2011.

3.2.3 Experimental design

On a level research site (1.3 ha) the FFM and PMM cappatgrialswere placed in
alternating strips of 20 m by 65 m thus ¢neg five 40 by 65 m blocks. For the FFM treatment,
the 1 m low sodic till was covered with 30 cm of subsoil followed by 20 cm of FFM. For the
PMM treatment, the till was covered with 50 cm of p@@teral mix.Four differentfertilizer
treatmerg weresuperimposed on the substrate treatments by dividing each strip into four 15 m
by 15 m fertilizer treatment plots for a total of 40 plots. Fertilizemtmentsvere randomly
assigned within each strip and plot size was chosen to allow for a 5 m bufferoappiieg
materials changed. This study was set up in a 4 x 2 split block design with five replications to
determine the effects of fertilizer application (high application rate of rapid release fertilizer
(high); low application rate of rapid release fergr (low); high application rate of controlled
release fertilize¢slow releasg and no fertilize(control)) and two capping materials (FFM and
PMM) on early vegetation development at a reclamation site. All plots were planted with one

yearold aspenaedlings on June 9 and 10, 2011 at a spacing of 1.3 )800-6tems per ha).

3.2.4 Fertilizer treatments

Peters General Purpose {2020 N-P-K) fertilizer was used for both thegh andlow
fertilizer treatments for this experiment. This fertilizer is immediately available for plant uptake
and will be referred to as IAF hereafter. Osmocote Plu®9{18 N-P-K) with an 89 month
nutrient release period was used asstbes releasdertilizer treatment. Since this fertilizer has a
controlled release of nutrients it will be referred to as CRF hereafter. Both products are

manufactured by The Scotts Company LLC (Marysville, OH) and contain the following chelated
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micronutrients: Mg, BCu, Fe, Mn, Mo, and Zn. Both fertilizers were applied with the EarthWay
Ev-n-spread 270\ (EarthWay Products Inc., Bristol, IN) hand held seeder during the period of
June 2830, 2011. Plots assigned to thgh treatment were fertilized at a rate of 5@fHa or 15

kg per plot (including their buffer area) alaav fertilizer plots received half of this fertilization

(250 kg/ha or 7.5 kg per plot). Théyh andlow treatments were applied using and opening size
of 3 on the spreader and plots were coverecetat a moderate walking speed during the
application. Theslow releasdreatment plots received 670 kg/ha of Osmocote Plus (equivalent to
20 kg per plot) which was chosen to equal the nitragglication rate of the higtertilizer

treatment. An openingize of 6 was used for tlowreleasetreatments and the plots were also

walked twice during the applicatio@ontrol plots did not receive any fertilization.

3.2.5 Initial soil analysisnd results

Prior to fertilization, two soil samples were calied from the top 20 cm of capping
material along a transect at distances of 5 m and 10 m into each 15 m by 15 m plot to be used as
a reference for initial soil conditions. Transects were aligned perpendicular to the strips of
capping material and soil dettion took place from May 101, 2011. Samples were analyzed
for texture, available nitrate, plant available sulfur, plant available phosphate, plant available
potassium, total phosphorous, total Kjehldaildogen, conductivity, and pHBoil texture
measures were calculated from hydrometer readings and percent total clay (<2 um), silt (2
50um), and sand (>50 um) were classified according to particle size (Carter and Gregorich
2008). For nitrate measurements, a dilute calcium chloride solution was esdrhtt available
nitrate and nitrite from the soil. The nitrate was then passed through a copperized cadmium
column to quantitatively reduce the nitrate to nitrite. After being diazotized with sulfanilamide
and coupled with N1-naphthyl) ethylenediamindihydrochloride, the samples were
colorimetrically measured at 520 n@ 6 D e | ). PldnBa9aBable sulfur and potassium, were
determined by ICFAES on soil which was extracted with a weak calcium chloride solution
(Carter and Gregorich 2008). Total Kjahl nitrogen (TKN) and phosphorous (TKP) were
determined by using a SmartChem Discrete Wet Chemistry Analyzer (Westco Scientific
Instruments Inc, Danbury, Ct) set to 660 nm to analyze samples that had been washed with
sulfuric acid (Rutherford et al. 20P8A slurry of 1 part dry soil mixed with 2 parts-tmized

water (by volume) was allowed to stand with occasional stirring f@@@BMinutes. The pH of
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the resulting slurry was measured with a pH meter, and a conductivity meter was used to
measure the cwluctivity of the filtered extract (Carter and Gregorich 200@)en data was
normally distributed,-tests were performed using the univariate procedure to compare soil
sample results of the two capping materiak0(05). When data was narmal, the no-
parametric Wilcoxon ManiwVhitney test was usedl¥0.05). Of the measured variables, the
FFM had greater sand content, availgiilesphatd®, and available potassiuk, whereas the
PMM had greater available sulfafe(Table3-1). All other measured varids did not differ
between capping materials.

3.2.6 Seed bank study

To assess the sebdnk potential of the capping matesjdivo soil samples were
collected along the same transect as the initial soil saraptes the same distances (5 m and 10
m) into each of the 40 plo(80 samples)Collectionoccurred prior to fertilization anok
place from May 1€L1,2011 Samples were obtained by applying even pressure and twisting a
soil corer with a diameter of 14.5 cm in a clockwtseinter clockwise fhion until a depth of
10 cm was reached (~1,651.3%hsoil). The soil corer was then tilted to a 45° angle and a
shovel was pushed into the ground alongside the bottom of the soil corer. This was done to hold
the soil in the bottom of the corer andéarape off excess soil. The shovel and corer were then
lifted simultaneously and the soil was inserted into a large Ziploc bag. At the reclamation site,
bags of soil were labelled and put into a cooler until they could be transported to a refrigerator.

Sal samples were kept at 4°C in a refrigerator for one week until the seed bank study
was initiated in a greenhouse at the Crop Diversification Center North (CDC North) in
Edmonton, Alberta, Canada (53A38Nj N;ottidgl 3A21N;j
tray with dimensions of 52 cm by 25 cm by 6 cm was filled with a 3 cm layer of Sunshine All
Purpose Planting Mix (a blend of sphagnum peat moss and perlite produced by Sun Gro
Horticulture Canada Ltd., Seba Beach, AB) to help with moisture retefin@nsoil sample was
spread evenly as a thin layer15 cm) on top. Soil samples which did not readily spread as a
result of high clay content were pushed through a screen with 0.6 cm by 0.6 cm square holes to
break up the clay. Trays were misted withi@igation system every day for 15 minutes at 9:00,
13:00, and 17:00. Misting nozzles were cleaned with vinegar as needed to ensure optimal and
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even misting. Furthermore, trays were rotated every week to compensate for spatial variability in
the greenhaose.

Throughout the duration of the seed bank study, pictures were taken approximately every
week and species were identified and counted. Individuals were identified to the species or, if not
possible, the genus level using identification books (Moss;1R8yer and Dickinson 2007;

Johnson et al. 2009; Bubar et al. 2D@enus level classification was used for aster, sedge, and
willow species and grasses could only be identified to the family Ideehenclature used
throughout this experiment followedettunited States Department of Agriculture database. After
about a month in the greenhouse (Jun€Q®b1), species which had multiple individuals were
thinned to only two individuals per tray to reduce competition and allow room for new species to
emergeAlso, around this time, soil in the trays wagdisturbed through slight raking to

promote germination of any buried seeds. After about two and a half months no new seedling

emergence was observed and the study was terminated.

3.2.7 Field vegetatiomssessments

Initial vegetation development was assessed in one square meter sampling plots which
were set up in both the southwest and northeast corners of a larger (8 m by 8 m) plot which was
centered in each fertilizer treatment plot. Sampling of thee@@tation plots took place August
22-23, 2011, July 228, 2012, and July 381, 2013. During each assessment, individual species
were identified and their percent cover was estimated. Percent cover was measured to the nearest
1% if less than 10% and tbd nearest 5% if greater than 10% cover (Fair 2011). Cardboard cut
outs of 1%, 5%, and 10% were used to help gauge accurate percent cover estimates and the same
researcher preformed all of the estimations to ensure consistency.

Species richness (total gpes per plot), percent cover of individual species (averaged
based on two suplots), and cover by functional group (sum of individual species cover) were
used to compare between the three years of growth. Along with total vegetation cover, three
functioral groups were used to categorize species encountered in this stiifgyfdn (forb,
shrub, graminoid, or trg¢g2) origin (hative or nomative to Albertgas per USDA 2014) and
3) forest species (species considered characteristiatfre borealdrest understogs or non
forest speciesWhen possible, species were identified in the field during the assessments,

however if exact species identification was not possible in the field, the specimen was collected,

46



pressed, given a descriptive name, bralight back to the lab. Once in the lab, other resources
such as identification books (Moss 1994; Royer and Dickinson 2007; Johnson et al. 2009; Bubar
et al. 2000) or colleagues with experience identifying plants were used. Nomenclature followed
the Uniked States Department of Agriculture datab®glkeen counting species richness in 2012

and 2013, algenudevel categoriesdentifiedin 2011were used even if a species level

identification was possible. This was donetwid exaggeratinthe addition ospeciedbetween

yearshowever a omplete list of all species identifiedn be found iM\ppendixVIII .

3.2.8 Plant root simulator probes

During the first two years of this experiment, Plant Root Simulator (PRS) probes
(Western Ag Innovations Inc., Saskaip Canada) were used to measure bioavailable nutrients
in the soil. Individual PRS probes consist of a 18 iwn exchange resin membrane surrounded
by a plastic frame and handle. PRS probes were used in pairs consisting of one anion probe and
one catiorprobe whose membranes adsorb the associated soil nutrients. In both 2011 (June 9
July 26 & July 26September 10) and 2012 (JuréBy 26 & July 26September 6) two burial
periods £45days each) were used. This was done to avoid probe saturation and minimize any
degradation of the accumulated nutrients by soil microbes. Each burial consisted of four pairs of
PRS probes being used per subplot; two pairs in both the southwest andshadheers of the
permanent tree measurement plots. In order to capture both vertical and horizontal nutrient flow,
each probe was inserted into the soil by hand at463@&ngle. The entire membrane was buried
with only part the handle remaining visildboveground. After burial, the soil around the
probes was pressed to ensure contact between the soil and membrane. In 2011 two samples were
analyzed per subplot for a total of 80 samples/burial period while in 2012 (when available
nutrient levels had deeased without additional fertilizer input) all probes in each subplot were
analyzed together for a total of 40 samples/burial period.

Upon removal, excess soil was knocked off and probes were placed in Ziploc bags and
stored in a cooler for less than duns before being moved to a refrigerator. Probes were stored
in a refrigerator (for a maximum of 4 days) until cleaning. The membranes and plastic handles of
the probes were thoroughly cleaned withial@zed water and a toothbrush before being sealed
in clean, Ziploc bags and being sent in an insulated box to Western Ag Innovations for analysis.
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At Western Ag Innovations, the samples were processed according to their established
methods. First, the ions were desorbed off theelrhange membransing 0.5V HCL. The
resulting eluate was colorimetricaly analyzed forsN®H,", and P. Ca, Mg, Fe, Zn, Mn, Cu,

Al, Pb and Cd were measured by inductivetypled plasma spectrometry while K content

results were obtained via flame emission. Results #arty-season and lateeason burials were
pooled for each growing season and the results of PRS probe analysis are expressed 88110 cm
days' for 2011 and 10 cih91™ days for 2012.

3.2.9 Statistical analyses

This study was set up abkcked spli-plot design witha capping materiareatment
(FFM and PMM)as the main plot (fixed effectiour levels of fertilizer treatmentsdntrol, low,
high, andslow releasgas the spliplot (fixed effect) andblock was included in the random
term Due to vell documented differences between the two capping materials, each capping
material was analyzed separatalydetermine the influence of fertilizeeatments and yean
species richnestal vegetation covegndproportionalcover by functional groufhis was
carried out using a twway repeated measures ANOVA with fertilizer treatments and year as
independent variableResults of the Type Ill Test of Fixed Effects were examined to see if
fertilizer treatments and/or yehad a significant main efté or if a significant interaction
occurred between the twariables Whenever an interaction occurred, comparisons were made
using Ismeans andpdha was adjusted manually fitre number of comparisortseing made
Statistical analyses were performed using PROC MIXED procedure in SAS 9.2 and an alpha
of 0.05 (SAS Institute, Cary, NC, USAAdditionally, total percent cover waslatedto total
available nitrogen for both capping materials in 204ihg simple linear regressions. Simple
linear regressiawere performed using the PROC REG procedure in SAS 9.2 and an alpha of
0.05 (SAS Institute, Cary, NC, USAgrior to running any statistical tests, the residuals of all
data being used wewgsually assessed and theimecked for normality using the ShapWi | k 6 s
testanbborequal ity of wvari ddeemreednesessargy Leveneds test

An indicator species analysis was used to determine which species were significant
indicators of thd=FM and PMMcapping material&a=0.05 in the seed bank study as wadl for
each growing season at the reclamation Bilethermorea normetric multidimensional scaling

(NMDS) ordination wasun using species presenglesence datfmr the seed bank study and all
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three growing seasons at the reclamation §he ordinaibn wasrun using the metaMDS

procedure from the vegan package (Oksanen et al. 2013) with a random starting configuration, a
stability criterion of 0.0005andthe BrayCurtis distarme measure€Tl he final graph waseached

usinga 2D solution Treatment elpses and centroids were produced usingtilesllipse

procedure from the ggplot2 package with a 95% confidence int&krekiiam2009. All

multivariate analyses were carried out using R 384®it (R Core Team 2014).

3.3 Results
3.3.1 Soihutrient availability in 2011 and 2012

In 2011, total soil N supply (N© and NH, as determined by PRS probes) was greater in
the PMM compared to the FFM (p=0.0001; Ta®2); however both capping materials had the
most soil N supply in thiigh plots followed by thdow, slowrelease and then theontrol plots
(fertilizer effect p<0.001; Tablgd-3A). In 2012 there was less total soil N supply than in 2011
(year effect p8.001), although there were no differences between fertilizer treatments, capping
material, or their interaction. Average soil phosphorus supply was influenced by fertilizer
treatment in each year such that tingh andlow plots had greater soil P supphan thecontrol
andslow releasgplots in 2011 and in 2012 tiegh plots alone had the greatest soil P supply
(fertilizer effect both p<0.001; TabB3A and3-3B). Capping material and year had no impact
on average soil P supply (p=0.522 and p=0.21pe&s/ely). In 2011 and 2012 the FFM had
greater average soil potassium supply than the PMM (p<0.001; 3-@hléAverage soil K levels
within the two capping materials remained similar across fertilizer treatments in 2011; however
in 2012 soil K supply waigreatest in theigh FFM plots which led to a fertilizer by year
interaction (p=0.027; Tabl&3B).

3.32 Original seed Bnk of FFM and PMM capping materials

The FFM and PMM capping materials had relatively distinct species compasition
only sharedsix species in common (two graminoids and four forbs) (FigtBerAppendix ).
Theoriginal seed bank of the FFM consisted of a total of 28 spanithe majority were early
successional forbs; however seven species could be considered charaateristature boreal
forest understory community (hereafter referredgdorest species) (Appendix The indicator

species analysis suggested that there were eight indicator species describing the original FFM
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seed bank. Half of the indicator speciesevearly successional native fortotentilla

norvegica Geranium bicknelliiChenopodiunalbum andChenopodium capitatunand the rest
included an early successional native shiRibbus idaeys a nonnative forb Polygonum
persicarig), at least one graspecies (Poaceae), and at least one sedge sjiaaiessp.)

(Appendix 1. The original seed bank of the PMM contained 13 species. Most of these species
were early successional forbs, with the exception of two native stBabsgp. andvaccinium
oxycoccoysand two forest specieA¢hilleamillefoliumandLedumgroenlandicun Both of the
forest species present in the PMM were considered rare as only one individuél species
germinated (AppendiX .| The indicator species analysis for the madj seed bank of the PMM
suggested two early successional native forbs as indic&pitelfium palustreandEquisetum

arvense (Appendix I)).

3.33 Yeciesichnessand seed bank expressiam the reclamation ge

On the FFM at the reclamation sitetal species richness was speies in 2011. Of the
33 species26 were forbstwo were shrubsthree were graminoids, and twere treesln 2012,

10 new species were added to the FFM and two were lost resulting in an increase of total species
richnesgo 41. The newly added species included nine forbs (three annuals and six perennials)
and one perennial shruBdlixsp.). By 2013, 17 more species were found (five annuals and 12
perennials); however species richness began to level off as 12 formes shsappeared (six

annuals), thus leaving total richness at 46 species. Of the 27 species added throughout the 2012
and 2013 growing seasons, 20 were not previously encountered on the reclamation site or in the
original seed bank study and thus were prexilito have migrated in from the surrounding area.

Of the seven other newly added species, four were previously found in the PMM and three were
found in the aginal FFM seed bank (Appendix )JlIIFurthermore, 10 of the new species were
considered forest spies (seven forbs and three shrubs).

Average species richness (per plot) of the FFM was greater in 2012 with 15 species
compared to the average of only 13 species in 2013 (year effect p=0.005). Additionally, average
richness was not affected by the diffiet fertilizer treatments (fertilizer effect p=0.498) and there
was no interaction between year and fertilizer (p=0.237). However, when total richness was
compared for each treatment, tbw plots had the greatest total species richness followed by the

slow releasecontrol, and therhigh plots (Figure3-1). Furthermore, of theeed bankpecies
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expressed on the reclamation site in 2011, there was a los16#8df species observed in the
original seed bank-igure3-1; Appendix IV). Throughout the 2012 and 2013 growing seasons,
the loss of original seed bank species tended to continue. Between 2011 and 2013, a total of
seven species from the original seed bank were lost from the reclamation site. Six of these
species were early sugsgonal forbs (four annual and two perennial) and only one was a forest
speciesGalium borealg (Appendix IV).

Of the 22 species found at the reclamation site on the PMM in 2011, 14 were forbs, four
were shrubs, two were graminoids, and two were tredal Sjpecies richness increased to 32
species in 2012 with the addition of 12 new species and the loss of two former species. Of the
new species, 11 were forbs (three perennials and eight annuals) and one was an annual graminoid
(Juncus bufoniys In 2013, total species richness declined in the PMM substrate as seven species
were lost (four annuals and three perennials) and only five were added (one annual and four
perennials). Furthermore, throughout the 2012 and 2013 growing seasons, three of the newly
adced species were found in the original seed bank, seven were previously found in the FFM,
and six were not previously encountered on the reclamation site or in the original seed bank
study(Appendix V). Additionally, 4 of the new species were forest spe@sa americana
Symphyotrichum ciliolatunMitella nuda andAchillea millefolium) and one was a native boreal
tree speciesRicea glauca (Appendix V).

Average species richness (per plot) of the PMM was 12 species in 2012 and 2013
compared to only sigpecies in 2011 (year effect p<0.0001). Over the three growing seasons,
fertilizer did not affect average richness (fertilizer effect p=0.98) and there was no interaction
between year and fertilizer (p=0.4947). Total species richness for each ferdaterdnt
increased the most in 2012, particularly in ¢batrol andslow releaselots (Figure3-2). The
seed bankpecies expressed in 2011 on the reclamation site showed a l0s468638 the
species observed in the original seed b@gure 3-2; Appendix VI). Furthermore, regardless of
fertilizer treatment, the species representation from the original seed bank in the PMM remained
relatively constant over the three growing seasons (FRjdreAppendix V). The only original
seed bank species thaas present at the reclamation site in 2011 and then disappeared was the

native shrub.edum groenlandicum
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3.3.4Total coverof species andover of functionalgroupsin the FFM

In the FFM, total plant cover acroah fertilizer treatments was greater in 2012 and 2013
compared to 2011 (year effect p=0.0020). In 2011, total plant cover increased with increasing
total available nitrogen in the FFM plots (p=0.051; Figg#3® such that total cover wageater
in thehighfertilizer plots compared to theontrol plots (fertilizer effect p=0.012); however in
2012 this relationship was not detectable (see3a&d). In 2012 and 2013 there were not
differences in total cover between the fertilizer treatments and thitedegua significant year
by fertilizer interaction term (p=0.0232; Figuset; Appendix V). Within the FFM,
approximately 90% of the total cover was made up by forbs in 2011; however forb cover
decreased with each growing season to only about 30% tdtidl cover in 2013 (year effect
p<0.001). In 2011 and 2012, the portion of forbs relative to total cover was not different between
any of the fertilizer treatments (Figused). It was not until 2013 that fertilizer had an effect and
there was a greatportion of forbs in theontrol plots compared to tHew, high, andslow
releaseplots which resulted in a significant year by fertilizateraction (p=0.0053; Appendix
VII).

The proportion of graminoids relative to the total cover increased frorthiesd.0% of
the total cover in 2011 to roughly 60% in 2013 (year effect p<0.0001). This was influenced by
the addition of fertilizer, as thaontrol plots had less graminoid cover developing than the other
three treatment plots which received fertilizar{izer effect p=0.0066). Between 2011 and
2012 the portion of graminoids was not affected by the different fertilizer regimes which resulted
in a significant year by fertilizer interaction term (p=0.0173; Fig8e Appendix VII). Shrubs
and trees madep only a small portion of the total plant cover in the FFM and while their cover
increased with time (year effect p<0.0294), the different fertilizer treatments did not have an
effect (fertlizer effect p>0.40; Appendix VJI The proportion oforest sgcies, nomative
speciesand annuals/biennials total coverlsochanged over the three year perfgéar effect
all p<0.003).Theportionof forest species was similar between 2011 201® but increased in
2013. The portions ofan-nativespecies awell as annual/biennial speciegre greatesh 2011

and therdecreasewith eachfollowing growing seasan

52



3.3.5Total coverof species andover of functionalgroupsin the PMM

In the PMM, total plant cover was greater in 2012 and 2013 than 20ad €ffect
p<0.0001); however, in 201figtal cover was found to increase with increasing total available
nitrogen (p=0.023; Figurd-3). Although this relationship was short lived and had disappeared
by 2012 (see als®.3.1). In 2012control plots had less total cover thalow releaselots
(fertilizer effect p=0.0320); however total cover was not different for any of the fertilizer
treatments in 2011 or 2013, resulting in a significant year by fertilizer interaction term
(p=0.0105; Figura-6; Appendix VI).

Forbs made up the largest portion of total cover in the PMM; however neither year nor
fertilizer treatment impacted forb cover. The portion of graminoid cover changed with time and
was greatest in 2013 (year effect p=0.0031). Shrubrgelative to total cover was not affected
by year or fertilizer treatment; however the portion of tree cover was greater in 2013 than in
2012 (ear effect p=0.0238; Appendix YIFigure3-7). The cover of forest species relative to
total cover remained Vo in the PMM throughout the duration of this study and there were no
effects of year or fertilizer. Both the proportional cover of-native species as well as
annual/biennial species to total cover changed over time (year effect all p<0.0130gathen
species decreased between 2011 and 2012 whereas annuals/biennials decreased between 2012
and 2013.

3.36 Reclamation site community yhamics

The NMDS ordination for the seed bank study and the three growing seasons combined
shows distinct community composition for the two capping materials, where FFM plots load
towards the left side of the ordination and PMM plots load towards the right sidieg8-8).
For both capping materials, the seed bank plots loaded towards the bottom of the ordination and
had the most overlap of ellipses with plots from the first growing season (2011) at the
reclamation site. In 2011, there was no overlap betweamwtheapping materials at the
reclamation site (Figur8-8). Species composition in the 2012 growing season was similar to
that in 2011 for both capping materials; however the FFM and PMM plots shifted towards each
other and their ellipses beganawerlapin this year (Figur&-8). Following the 2013 growing
season, species composition continued to shift upwards on the ordination and the two capping

materials maintained some similarity in species composition through the continual overlap in
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ellipses. Alsojn this year, only the FFM plots maintained some overlap with their original seed
bank community. Throughout the duration of this study, the FFM plots tended to have greater
similarity between plots in each year. Furthermore, with each growing seasbfRMhe
experienced smaller shifts in species composition than the PMM (R)re

The indicator species analysis suggests that in 2011 there were 15 indicator species in the
FFM and nine of them we annuals/biennials (AppendiX.IFurthermore, six of thesspecies
were early successional native for@hénopodiunalbum Chenopodium capitatunCorydalis
aureg Dracocephalum parviflorunGeranium bicknelliiandPotentilla norgevicy three were
graminoids Carexsp., grass sp., addincus bufonigs one wasan early successional native
shrub Rubus idaeys and three were considered forest spedigsg americanalLathyrus
ochroleucusand Aster sp. Only two of the indicator species were nmative forbs Polygonum
persicariaandKochia scopariq In 2012 the indicator analyses suggested 10 indicator species in
the FFM; however, nine of them were already identified as indicator species in 2011. The only
new indicator species in this year was the-native, perennial forlBonchus arvensighe
number of indicator species in 2013 remained at 10, however only 5 of these species had been
previously been identified as indicators. The species which were no longer indicators of the FFM
included two early successional native forBseténtilla norvegicaand Dracocephalum
parviflorum), an early successional native shrRiljus idaeys a native graminoidlJuncus
bufoniug, and a nomative forb Polygonunpersicarig. On the other hand, three additional
forest speciesAchillea millefolium, Fragaria virginiana, andSymphyotrichurgiliolatum)
became indicators in this year (for a total of five) as well as a gramiigrdgtis scabrpand a
nortnative forb Polygonumaviculare.

The three indicator species for the PMM capping material in 2011 weratizié
perennials and included a fofBquisetum arven3ea tree Populus balsamifepaand a shrub
(Salixsp.) (Appendix I). By 2012 the number of indicator species had increased to seven and
included the three from 2011, as well as one native treéespBopulus tremuloidgstwo early
successional native forbEgilobium angustifoliunandChenopodiunalbun), and one non
native forb Senecio vulgarjs Following the 2013 growing season, five indicator species were
identified and three of them were from 2012. The species which were no longer identified as

indicators weréalixsp.,Populus tremuloidesChenopodiunalbum andSenecio vulgarisThe
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two new indicator species were both early successional native terigefon canadensiand

Equisetum sylvaticuyn

3.4 Discussion

Varying the amount (250 kg/ha, 500 kg/ha, and 670 kg/ha) and type of fertilizer (IAF and
CRF) did not impact plant community abtishment as measured by average richness, species
composition, and seed bank expression on either FFM or PMM capping maltéoiaés/er
fertilization did impact total cover on both capping materials as well as the proportion of forbs
and graminoids in tnFFM. The cover of all other functional groups explored in this study (trees,
shrubs, nomative, annuals/biennials, and forest species) changed only in time or, in the case of
shrubs and forest species in the PMM, were not affected at all. Despiteisolzaeties in
vegetation development related to the functional groups measured, total richness, species
composition, and community development were quite diffdvetween the two capping
materials. This indicates that capping material selection, whitides the propagule bank
contained within, appears to play a much larger role in early vegetation establishment than
fertilization.

During the first growing season (2011), total cover in the FFM plots increased with total
available nitrogen such that thaghfertilizer plots had greater total cover than toatrol plots.
This resulted from the application of a large amount of immediately available nitrogen which
stimulated the growth of nitrophilous forb species. Forb cover ihigteplots consisted mainly
of two early successional native forlidefanium bicknelliandPotentilla norvegicaas well as
two nonnative forbs Kochia scoparieandPolygonum persicarjawhich were dominant in the
high plots but also in thiow andslow releaseplots. These four species are ruderal, nitrophilous
forbs that are able to thrive and dominate on disturbed sites, especially when nutrients are
abundant. Additionally, trse species contributed to the high portion of forbs (~90% of total
cover) obsergd at the reclamation site in 2011. However, over the three growing seasons,
fertilized plots [ow, high, andslow releasgin the FFM displayed a steady decrease in the
portion of forbs and a corresponding increase in the portion of graminoids. By 28h®)@ds
made up approximately 70% of total cover in all of the fertilized plots while only contributing to
37% of total cover in theontrol plots. Other studies have found concurring results in which

dominant grasses compete strongly with forbs andicaintheir establishmentSluis 2002;
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Dickson and Busby 2009). The most dominant graminoid in the fertilized plots was the native
perennial buncigrass Agrostis scabraThis species does well on disturbed sites and
particular, favoursigh nitrogenconditions (Tilman 1984 As a perennial, this species likely
became established in 2011 when nutrient availability was greatest andgegssively
became more dominant over tinfdne influence of fertilizer on total cover in the FFM was
shortlived and did not lagnhto the 2012r 2013 growing seasonghiscanbe attributed to
initial losses of the highly soluble nutrients due to leaching in combination with increasts
coverwhich tied up nutrients

While fertilizer mainly affected total cover, it is interesting to note thaeneraltielow
fertilizer plots of the FFM tended to have roughly&8D%o greater total richness than ttigh
plots, despite these plots mainiam similar cover each year. This can be attributed tdnitjie
fertilizer plots maintaining somewhat fewer species which had higher individual cover as a result
of the greater initial input of nutrients. In fact, species composition was quite similaenetw
these plots as 925% of the species found in thagh plots were also found in tHew treatment
plots each yeail herefore thdow plots, which received 50% less nutrients, were possibly better
suited to promoting germination and migration of a largember of species because there was
greater heterogeneity in cover due to reduced competition from less and potentially smaller
individuals. Additionally, 10 of the 21 rare species found throughout this study werdamvthe
plots of the FFM and six of these were forest species. Howevedifficult to determinef this
was instead due to chanoecause other studies have shown that richcesdestrongly
influenced by spatial heterogeneity as a result of differerded slispersal as well as patchiness
in soil moisture and fertility (Armesto et al. 1991).

Similarly to the FFM, total cover in the PMM plots increased with increasing total
available nitrogen; however due to the low average total covE8%g in the firs growing
season, significant differences between fertilizer treatments were not detectable. Low total cover
in 2011could beattributedto therelatively small seed bard the PMM capping materil 3
species in the PMM compared to 28 species in the RANDh in turn resulted in lovinitial
establishmendt the reclamation site. This concurs with a study by Mackenzie and Naeth (2010)
which also found lower initial establishment when using PMM as a capping mdtegal 2, all
of the plots which receiwkfertilizer (ow, high, andslow releasghad significant increases in

total cover. This likely occurred because these plots were able to retain some of the nutrients
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from the fertilizer application due to the initially low total cover on the PMM anckgieat has
a high cation exchange capacity which can help reduce nutrient lea8lingeleaseplots had
the greatest total cover in 2012 and this was significantly more thancdorhbel plots. This is
explained by the application of a CRF in #lewreleaseplots which allowed for the continued
release of available nutrients into the second growing season. Furthermore, this is supported by
the presence of nitrophilous species, such as grass€&handpodium albupwhich dominated
theslow releaselots andEpilobium palustrevhich was prevalent in all of the fertilized plots in
this year. By 2013, total cover was similar across all fertilizer treatments as a result of the
reduction in available nutrients from leaching and the continual uptake byngreegetation.

Forbs made up the largest portion of total cover in the PMM; however, unlike in the
FFM, forbs maintained their dominance throughout this study and were unaffected by fertilizer
treatment and year. The proportion of graminoids increagddime but was never more than
27% of the total cover. The low graminoid cover in the PMM compared to the FFM is possibly
because fewer graminoids were found in the original PMM seed bank and the PMM was a less
suitable substrate for graminoid speciesclvimight have migrated onto the site. Shrubs and
forest species were not measurably affected by any of the treatments in the PMM; however this
is not surprising as both of these groups had low cover throughout the duration of this study.
Over similar pends of time, other reclamation studies have also found low shrub establishment
and recommend planting as a solutiBoyland et al. 2009

Species establishment on the reclamation site was lowest in 2011 and predominantly
influenced by the respective propagule banks of the two capping mateoalitial
establishmenand a lack of forest species in the seed lzankbe linked to the usé stockpiled
capping materials. Materials used in this study were stockpiled for approximately two years and
studies have shown thabskpiling FFM for more than 8 months significantly reduces propagule
viability through seed decomposition and germinatitiile still in the stockpile (Naeth et al.
2013) Additionally, Macdonald et al. (unpublished) found that 21 forest understory species had
established in the first growing season when FFM was salvaged and directly placed at a
reclamation site, comparedaaly eight forest species in this study. When stockpiled capping
materialsare usegdthe initial vegetation which develops is typically disturbance adapted species
which have long lived seed banks and the ability to rapidly mature, thus continuallfirefres

thar seed bank(Lee 2004). Thidasa strong influence on initial vegetation establishment and
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canhinder ecosystem recovery by reducing the amount of desirable understory species in the
propagule bank and slowing the rate at which they can estallia reclamation site.

Total richnessncreasedhe mosin the second growing seasqmimarily as a result of
the addition of early successional forb species from the surrounding area. This occurred because
early successional species can tolerate gerai soil conditions, mature quickly, and typically
produce an abundance of seed which is wind dispersed; therefore allowing these species to
establish on both capping materials at the reclamation site. This explains why species
composition of the two cgging materials became more similar in 2012 as they shifted towards
each other in the ordination. Additionally, some early successional annual species, which were
previously found in the FFM, established on the PNtN& conceivable that this occurred
becaisethelow initial cover inthe PMMplotsprovidedavailable growingpace foruderal
species to establislften the establishment of new species can be limited by the competition
from already established speci&ujs 2002; Huddleston and Young 2004).

Throughout this studyhe FFM gainednore new speciaglative to the PMM.
Presumably these finewd species originated fro
the previous years at the reclamation siteontained in the original seed banks. Furthermore,
the nearest seed source was a residual forest and almost half of the new species were forest
understory species which indicates that the FFM was more conducive to the establishment of
these species. Thiconcurs with another study which attributed some of the higher species
establishment in the FFM to the mesic soil conditions which are shared by FFM and natural
upland forests (Mackenzie and Naeth 2010). The number of forest species found in the FFM
increased with time and the most became established in the third growing season (2013). This
occurred because some forest species, suRlibas tristeandRosaacicularis, require animals
to disperse their seeds and many animals prefer visiting areas ledistatnoderate vegetation
cover. Other forest species, suchvistensiapaniculataandPetasitedrigidus var. sagittatus
have wind dispersed seeds; however their establishment can also take some time as many factors
such as plant height, wind speed, and direction affect their dispersal. In contrast, peatlands
are typically cold and wet environments which favour hydrophilic species so, despite receiving a
similar seed rain as the FFM, conditions on the PMM were not conducive for the establishment

of all the same species.
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Total speciesichness remainectlativelyconstanbetween the 2012 and 2013 growing
seasons; howeveommunity composition in both capping materials continued to change as the
initially high portions of annuals/biennials and roaive species decrease®keven out of 14
species from the FFM which disappeaos@r timewere early successional annual species and
only three were desirable forest species. In contrast, 170of the 27 species in the FFM which were
gained throughout the durati of the study were native perennials and of those 11 were forest
species. Furthermore, #8011, nine out of 15 indicator species in the FFM were annuals and two
were forest species; however by 2013, only two of 10 indicator species were annuals and five
were forest species. The reduction in annuals anehative species along with the trend
towards increasing forest species suggests that the FFM is recovering along a desirable
trajectory. Although in order to maintain the current forest understory spa@uiepromote the
establishment of additional forest species, a tree canopy which provides shade is necessary.

For the PMM, five of the nine species which disappeared over time were early
successional annuals and three were forest species. In 2018f thiael2 species gained by the
PMM were annuals; however by 2013 only one of the five new species was an annual. In
contrasto the FFM, none of the indicator species in the PMM were forest species. However, the
native boreal tredRopulus balsamiferavas an indicator species in all three years Rogdulus
tremuloideswas an indicator species in 2012. Based on these results, the PMM appears to be on
a different and potentially slower recovery trajectory than the FFM. This is presumably due to
the low ricmess and species composition of the original seed bank as well as soil conditions
which initially appear to be less conducive for the establishment of forest species. Despite this,
the PMM appears to provide better conditions for the establishment odin@imm planted)
trees. This could be due to the increased organic carbon content and water holding capacity of
the PMM relative to the FFM. Seeds of béthtremuloidesandP. balsamiferaequire a moist
substrate following dispersal to ensure qugekmination and establishmeftgrala and Russell
1983. Additionally, it has been found thBt balsamiferacan establish on a wide variety of soil
conditions whereaB. tremuloidegprefers soil substrates that have moderate moisture and
contain organic&rbon (Wolken et al. 2010; Pinno et al. 2012). Furthermore, a study looking at
outplanting performance éfopulus tremuloideseedlings on the same site found that planted
seedlings performed better on the PMM capping material compared to the FFM (8&Bpit 2
While tree establishment is promising on the PMM, the lack of understory forest species present
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on the PMM will likely have a prolonged effect on the transition into an upland forest

community and will require further attention.

3.5 Conclusions

In summary, thdertilizer applicatiors tested in this study did not impact average richness
or the expression of the seed bank during initealelopnent ofplant communities on eién
FFM or PMM capping material$nstead, irtial community composition wadriven by the
respective propagulganksof the two capping materials and therefore the treatment of topsoil
(e.g. stockpiling) can have a critical impact on the speed and trajectory of vegetation
development. Over timtal richness increased and the tapping materialbecame more
similar as a result omigration from surrounding areas and between pBpecies losses also
occurred at the reclamation site; however this generally led to a reduction in the cover of annuals
as well as nomative speciem relation to total cover. The FFM had a greater portion of forest
species establishing from distant sources likely due to more suitable soil conditions, whereas the
PMM showed a greater propensity for natural tree establishment. To allow for the migfatio
new and desirable species onto reclamation sites, factors such as the surrounding vegetation,
suitability of capping material, and the availability of open growing space must be considered.
All of these factors play a large role in helping determiritgai vegetation development and
community composition.

Although the application of fertilizer in this study had little influence on the initiation of
vegetation on this reclamation site, it will likely have a long term negative effect in the fertilized
plots of the FFM. These plots experienced rapidly increasing graminoid cover throughout this
study which could have prolonged negative effects on the recovery of a forest canopy and
understory community. Additionally, while fertilizer application on thé\NPdid not appear to
have any negative effects on early vegetation development, there were no observable benefits
over the control treatment.

Currently FFM and PMM capping materials are looked at separately; however this study
supports the notion that FF&buld help increase species richness on PMM through an island
effect. While many annuals migrated from the FFM to the PMM, three forest species, which had
previously only been found in the FFM, also established on the PMM. This could prove

particularly inportant for vegetation development if there is no nearby seed source in the area.
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Further research on species migration and interactions between these two capping materials

could help address the abundance of PMM as a reclamation material.
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Tables

Table 3-1: Average initial soil characteristics for the forest floor material (FFM) and peat
mineral mix (PMM) capping materials measured prior to fertilization. Belellpes were

significant

capping

MannWhitney test) was used to analyze the data

at U

=0. 05

and

mat er i al s -nérmatdafp so angradamétric test Q\aldoxors

Response Variable Unit P-value FFM PMM
pH - 0.859 6.64 6.67
Sand % 0.036 58.22 52.28
Silt % 0.070 28.01 33.53
Clay % 0.921 13.76 14.19
TKP % 0.073 0.01 0.02
TKN % 0.066 0.12 0.32
Conductivity* (dSm')  0.766 0.14 0.13
Available nitrateN* mg/kg 0.143 3.51 3.75
Available phosphat®*  mg/kg 0.005 6.18 3.41
Available potassiurK*  mg/kg 0.018 78.75 65.53
Available sulfateS* mg/kg 0.025 11.04 16.70

Table 3-2: Average soil total available N, P and K for capping material and fertilizer treatments.
Values are the sum of tweRS probéurials (early June to late July and late July to early

di mcé im meams betweent t er s

non

Septemberjor each2011 and 2012n=5). P-values are shown for the main effects of capping
material and fertilizer regime as well as their interaction. Bold values are significant @t. 0 5

2011 2012
Capping - . Capping - ,
Nutrients Material Fertilizer Interaction Material Fertilizer Interaction
Total N 0.0001 <0.0001 0.0164 0.4942 0.7682 0.2579
Total P 0.9685 <0.0001 0.5769 0.3566 0.0007 0.4533
Total K <0.0001 0.1911 0.3313 <0.0001 0.0025 0.0552
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Table 3-3: ANOVA results of average soil total available N, P and K for capping material and
fertilizer treatments. Values are the sum of @RS probdurials (early June to late July and
late July to early Septembdoy each2011 and 2012n=5). Different letters indicate

significant differencén meandetweernreatments (For all treatment effects see Tak2g

(A) 2011 FFM PMM s.e.
Total K 171a 29p 16.27
Control Low High Slow S.e.
Total P 30 19e 252 30 3.51
FFM PMM
Cont Low High Slow S.e. Cont Low High Slow S.e.
TotalN  40° 232° 639 196° 125.17 41° 746 145F 427° 88.96
(B) 2012 FEM PMM s.e.
Total N 16a 202 4,51
Control Low High Slow s.e.
Total P 2b 70 262 30 3.51
FFM PMM
Cont Low High Slow s.e. Cont Low High Slow s.e.
Totalk 11 162 338 132 39.09 14£ 2 6£ 37 39.09
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Figure 3-1: Total species richness of spedieshe different fertilizer treatments divided into
species that wengresent (solid grey bars) and absent (striped grey bars) from the original seed
bank in the FFM between 2011 and 2013 (n&hness was measured in 1L’ plots per
fertilizer treatmentThesingularblack bar indicates the total seed bank richnesdifaehin the

seed bank studga total soil area of 5.2
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Figure 3-2: Total species richness of speaieshe different fertilizer treatments divided into
species that wengresent (solid grey bars) and absent (striped grey bars) from the osiggaial
bankin the PMV between 2011 and 2013 (n=Richness was measured in 1Lth? plots per
fertilizer treatmentThesingularblack bar indicates the total seed bank richness identified in the
seed bank studga total soil area of 5.2 ™
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Figure 3-8: Results of an NMDS ordination for the original seed bank study and all three
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3 =2013) and arrows display the yearly shifts in community composition at the reclamation site.
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Chapter 4: Discussion and Conclusions

4.1 Research summary

The main objective of this thesis was to investigate the impacts of two different
reclamation techniques on initial tree and understory vegetation development. The first technique
examined the use of a cover crop to promote early tree growth and suprealucing
competition from ruderal species on soil which was salvaged and directly placed at two different
depths. The second technique compared the effects of controlled release fertilizer (CRF) and
immediately available fertilizer (IAF) on initial vegegton development in two different capping
materials.

In the first study, | looked at initial growth and mortalityRufpulustremuloidesPinus
contortg andPiceaglaucawhen grown with yellow sweet clove¥iglilotus officinalig as a
cover crop at twalifferent soil salvage and placement depths (15 cm and 40 cm). Results of this
study suggest that sweet clover does not benefit initial tree sepdliftgmancealthough a
deeper soil salvage and placement depth does benefit performance. Sweet cloveredidce
initial growth oftree seedlings; howevanortality was increasetly approximately 10%or all
species combineid the first year following plantingn contrast, sweet clover provided the
benefit of reducing the cover of perennial ruderal species, sulfif@gim pratenseand acted
as a physical barrier to reduce ungulate browsirigmis contortaThe 40 cm soil salvage and
placement depth had awerall positive impact on tree growth and experienced less mortality
than the 15 cm depth despite both treatments reaohiggiply 100%total coverof vegetation
after only two growing seasons. The main difference between the two depth treatments was that
the 15 cm depth had higher densities of competitive species atecinted for the majority of
total cover irthe plots. In contrast, the 40 cm depth treatment experienced greater dilution of the
seed bank and this appeared to reduce the density of ttivepspecies.

The second study examined the impacts of using different fertilizer regioresq(, low
(250 kg/ha IAF) high (500 kg/ha 1AF), andlow releas€670 kg/ha CRF)) on the initial
vegetation development of stockpiled FFM and PMM cappingmaiteResults suggested that
fertilizer does not affect average species richness or the expression of the seed bank in either
capping material, however total cover was affected. Both capping materials responded to the
addition of nitrogen with increasedtal cover, but this effect was fleeting and by 2013 there
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were no differences in total cover for either capping material. In the FFM, fertilizer application is
expected to have a long term negative effect as plots which received fertilizer showedsedecrea
in the portion of forb®ver time and a corresponding increase in the portion of graminoids. It
was found that initial vegetation establishmisrgrimarily influenced bythe propagul®dankof

the capping material used; however, over tito&l richnes increased and the two capping
materialsbecame more similas a result omigration from surrounding areas and between

plots Throughout this study, in both capping materialselveas a decline in covef annualand
non-native specieas a proportiof total cover, whereas the proportamcoverof treesand
graminoids increased. In contrast, it was only for the FFM that the proportishsub and

forest speciemcreasd over time. By 2013, half of the indicator species in the FFM were forest
spectes and while the PMM did not have any forest understory species as indicators, it did have a
native boreal tree species. These differences suggest that the two capping materials are on
different recovery trajectories and may require diffeeanbunts ofitne to recover.

While these are two very different studies, they both shed light on how initial reclamation
practices influence the early trajectories of forest reclamation sites as related to the development
of tree seedlings and understory vegetatiompdrticular, practices which initially promote the
dominance of only a few species can hinder ecosystem recovery by providing too much
competition for tree seedlings and not allowing enough room for the establishment or migration

of desirable forest und&ory species.

4.2 Research applications

For the goal of forest restoration in central Alberta, | would adeisalvagedrest floor
material to a depttwhich corresponds to the effective rooting zone at the site (i.e. 40 cm in our
study) At a greate salvagadepth the dilution of the seeldank and nutrienteesulted in less
initial competition which improved growth arsdrvival of the planted seedlingalso at this
site, it was found that suckersPdpulustremuloideshad better regeneration, growth, and
survival in thegreatercm depth (Wachowski 2012). FurthermdPepulus tremuloideseedlings
which naturally established from seed grew the tallest on convex micliositeyreatercm
depth although at both deptlestablishment was highest on concave microsites with a mineral
organic substrate (Schott et al. 2014). Afteee growing seasons at this site, species richness

was not affected by thealvagedepth; however, nenative species cover was lower and
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undersory forest species cover whggheratthegreaterdepth (Macdonald et al. unpublished).
Combined, these results suggest that forest restoration is naturally occurringpogdasirable
trajectory and at a faster ratdenforest floor salvaged at a giter depthThis was attributed to
increased roesoil contactin the case oPopulus tremuloidesoot suckeing (Wachowski 2012)
as well as dilution of the seed bank from admixing with the lower mineral hoi{gams2011).
This created conditions coadve to suckering and, in the first year, reduced species
establishment and thus competition on the reclamation site. Additionally, dilution of the seed
bank reduced the dominance of a few aggressive species which permitted planted tree seedlings
to perfam better early on and allowed space for desirable tree and understory species to
establish or migrate in. It is therefore essential to consider the effects of species composition on
long term forest restoration and not just initial establishment and.cover

Additionally, | would suggest that tree seedlings be planted on reclamation sites as soon
as possible following the direct placement of salvaged forest floor material. High mortality rates
observed in this study can be attributed to the delayed piamitinee seedlings which allowed
for greater competition from prsusly established vegetationwould alsorecommend that tree
seedlings be planted at the same time sweet clover is séetled studysweet cloveslightly
increased mortalitpf all tree seedlingsombinedandhad a neutral impact averall height
growth It is thought that in thehallowerdepth,sweet cloveonly added to the competition
already faced by the tree seedlings anthe greater depthattedmoreas a replacement
competitor. Therefore it is conceivable that due to leggablishmenof plant coverwhich can
beassociated with directly placing soil, the addition of a cover crop is not a beneficial
reclamation practice and would potentially be more useful on stedikgnilswhere it could help
reduceweed problems. However, keeping in mind that in this study the trees were planted when
sweet clover was mature and formed a canopy, it is still feasibleviieat clovecould be a
suitable cover crop. As a biennialyeet clover alternates between an open canopy (immature
phase) and a closed candpyature phase), beginning with an open canopy in the year it is
seeded. In this study, tree seedlings had better annual growth in sweet clover plots during the
open canopysear than those in control plots, suggesting a potential advantage to using sweet
clover. The only drawback to the biennial life cycle is that during the open canopy year, ruderal
annuals are also able to establish; however, these species are genei@iy petgive and

persistent.
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For stockpiled FFM and PMM capping materi@she Suncor studyhe addition of
fertilizer (250 kg/ha 1AF, 500 kg/ha IAF, and 670 kg/ha CRF) in the spring following site set up
cannot beecommendedAlthough arerage speciaschness and the expression of the seed bank
were not influenced by fertilizatiothetotal cover tended to be higher in response to fertilization
for both capping materials in the first growing season (2@\¢r time, fertilization, at all
treatmentevels, reduced the proportion of forbs (in relation to total cover) and increased the
proportion of graminoids particularly in the FMM. If graminoids continue to increase and
dominate these plots in the future, overall richness and particularly the mredelesirable
forest species ight be reduced. Additionallypfiowing the third growing season there were no
differences in total cover between fertilizer treatitsefor either capping material which
suggesting that the effect of fertilization was brief and overall had little benefit. Hqowlewer
increased plant covéikely allowed fortheretention anduture cycling of soil nutrients

Initial establishment of vegetation was found to be matvengly influenced by the
propagule banks of each capping matearal he PMM generally hatewer species anldwer
total cover This resulted ifetter outplanting performance Bdpulus tremuloideseedlingson
the PMMin the first two growing seasotikely dueto less competition compared to the FFM
plots Schott 2013 However,species migratiofrom adjacent sites and neighbouring treatment
plotsresulted irsomepromising vegetation developmsin both capping treatmentser time.
Therefore, | wald suggest thahe proximity of natural sites or more mature reclamation sites
could be useful as a seed source lagkfit neweclamatiorareasparticularly wherusing
stockpiled capping materglThroughout the duration of this study, species richness increased
and community composition changed, mainly as a result of migration from the surrounding area
and between capping materials. This likely occurred as a result of bare ground which allowed
space for species migration and establishment.

Managing reclamation sites to allow for some bare ground is also recommémndrdd
suggest the use of FFM alone or in combination with PMM to acpageatialseedsource and
asaseedreceptor fothe establishment oforest understory species. While the PMM appeared to
be a better substrate for the natural establishment of boreal tree species, the FFM was a better
substrate for establishing forest understory forb and shrub species. The natural estabkéh
understory species is important because of the high costs and lack of commercially available

seeds for these species (Lanoue and Qualizza 2000). Therefore, using FFM which preferably has
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not been stockpiled, and/or maintaining a natural foresesdragarby are currently the best
methods for establishing forest understory species in a cost effective manner.
The findings of these studies are limited to the site conditions and interpretation of results
from the threeyear monitoing period. Forest storation is an extensive and lengthy process
which requires the consideration of many different variadhestherefore would benefit from
more long term and muldisciplinary studiesHowever, in general, the studies presented
highlight the importancefanitial reclamation practices in determining the early trajectory of
forest restoration. For example, both studies had reclamation practices which promoted the
establishment and dominance of grass species by the third growing segstime(shallower
soil salvage and placement depth and fertilizer application on the FFM). Théeslong
implications of these practices were beyond the scope of this thesis; however, it is conceivable
that the dominance of grasses will prolong forest ecosystem recovergfaraelonger
monitoring of these sites and others will help us to better understand the long term consequences

associated with initial reclamation practices.

4.3 Future research and study limitations

Future forest restoration projects would benefit from additional research inteelod
differentsoil salvage and placement depths for directly placed irRKkEe boreal forest region
While it was apparent that tlieepessalvage and placement deptioduced more desirable
outcomeghanthe shallowsalvageand placement deptthere is the potential that salvaging soil
ata deeper depthnd then placing it at a shallower depth would have the same effects
(Wachowski 2012)If this technique provided thamme benefits t€opulus tremuloidesuckers,
planted seedlings, and forest understory vegetation, then smaller donor sites could be used to
reclaim larger areas. Although, depending on suitable soil conditions, salvagidgdpex depth
is not always fesible so future research should also consider exploring optimal salvage and
placement depths for areas with shallow mineral soil horizons.

Additionally, the use of a cover crop which can imitate early canopy closure warrants
further research. With its diise, biennial canopy, sweet clover showed potential for being able
to benefit tree seedlings; however, to verify this there would need to be a study in which tree
seedlings were planted at approximately the same time as sweet clover was/seeithed.

potential option for future research would be to seed sweet cid\aelower density as it
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established well and appeared to only add to total competition or act as a replacement competitor
at the seeding density used. However, one limitation of this stuslyhaitree plots covered a
larger area (2,400 $hthan the vegetation assessment plots (96amd the two plots did not
always overlap. To improve this study and draw stronger conclusions on the effect of sweet
clover as a cover crop on tree seedlinggrarance, tree and vegetation plots would need to
cover the same area.

Alternatively, research coultbntinue to investigate the potential of using a perennial,
early successional native forb as a cover crogven multiple native cover crop speci€be use
of fireweed Chamerion angustifoliur{L.) Holub) as a cover crop was unsuccessful in this study
due to low establishment following seeding. Therefore, further research into successful
establishment techniques for fireweed and other native foreeed. For example, a new
technique is currently being tested which examines the potential for growing fireweed in the
same plugs as white sprudtidea glaucgMoench) Voskseedlings$choonmaker et al.
unpublishefl Early successional native forbs abyprove to be beneficial cover crops as they are
generally of shorter stature than sweet clover and thus planted seedlings, Rophlas
tremuloideswould not be negatively affected by shading from these species. Furthermore, there
would be less concerof a native forb persisting in the restored ecosystem. The use of two or
three native cover crop species could be investigated as another option because this would add to
species diversity, community resilience, and also create more heterogeneity etitompy
reducing the dominance of a single species. However, this option would potentially be better for
stockpiled soils, which tend to have lower initial establishment. Also, further research which
looks at species compatibility, seeding rates, atabkshment success would be needed.

In terms of fertilizer application, reclamation practices could benefit from further
research into the timing of application as well as the rate and blend of fertilizer applied. Fertilizer
application in the first ggwing season following tree planting results in high nutrients losses
and/or increased competition from nitrophilous species. While the CRF did have the ability to
reduce losses by prolonging the release of nutrients at the reclamation site, onlyRubaoted
tremuloidesseedlings showed any benefit from this (Schott 2013). One limitation of this study
was that the CRF was only applied at a rate which matched the amount of nitrogen in the high
IAF. Therefore, it is unknown if a lower rate of CRF wouldéaenefited early vegetation

development. Delaying fertilizer application or applying less fertilizer may be more favorable
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options for allowing forest understory species the ability to become established and migrate onto
a site by reducing the dominanafonly a few species. Additionally, delaying fertilizer
application would allow planted seedlings a chance to develop larger root systems which could
take up more of the applied nutrients and reduce losses. More research into the application of site
specfic fertilizers is also necessary due to the range of nutrient availability in the capping
materials used. For example, reclamation soils (PMM in particular) typically have increased
nitrogen contenfRowland et al. 2009). Therefore applying fertilizerthig nitrogen to capping
materials which contain adequate amounts of nitrogen could be more wasteful than beneficial.
However, a study by Pinno et al. (2012) found that the applicatiorRsKNertilizer resulted in
the greatest height &fopulus tremulaleson PMM, whereas on the FFM there were no
differences in height betweenk N, and NP-K fertilizer applications. This suggests that the
ratio of nutrients as well as the potential for growth limitations from other essential nutrients also
needs to beonsidered when applying fertilizer.
Another area which requires further research is the use of nutrient loaded seedlings on
reclamation sites. These seedlings are of higher quality, are able to grow as welhagieoh
loaded seedlings which receitertilizer, and thus can reduce the amount of fertilizer applied to
reclamation sites (Schott 2013). Additionally, this reduces the losses associated with broadcast
applying fertilizer as well as the increased competition from dominant nitrophilous species
Whether topsoil is directly placed following salvaging or stockpiled, it can remain a
valuable source of propagules for reclamation. This is important for the establishment of forest
understory species and merits further resedreh.use of directly piced capping materials is
often a preferred choice for accelerating ecosystem recovery, although this is often not possible.
Furtherresearch loakg at species migration between capping materials and from nearby
forested areais neededDue to thegenerdy smallseed bank and lack of upland forest species
present in the PMMt would be beneficial to study the potential for migration and establishment
of forest understory species onto PMM. Furthermore, if there is not a natural forest nearby,
research sbuld continue taexplore the possibility of using FFik a seed source for the PMM
by either placing some nearby or mixing the two capping materials togktixarg the two
capping materials could prove to be the most beneficial method for increasing the natural
establishment dPopulus tremuloideandPopulus balsamiferfom seed, providing forest

understory species, and maintaining moderate to low covilyi
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One of the main limitations in this study for assessing early vegetation development on
FFM and PMM capping materials was the lack of reference communities. When using stockpiled
soil, the donor site is no longer accessible, so comparisonsroatubg made with the
preexisting vegetation of the two capping materials in this study. Additionally, the area sampled
was only 80 mand one experimental block had to be excluded because it was improperly set up
during soil placement. Reference commusitis well as the additional block and a larger
sampling area would have strengthened this study. This is especially true in the third growing
season (2013) which was a particularly wet year and six plots had to be taken out of the data set
because they wermpartially covered by standing water.

The future of reclamation needs to shift away from a focus on short term soil stabilization
goals and instead integratever cropsand fertilizer regimewhich are compatible with tree
seedlings and enab&inival and growth of desirablenderstory species without impeding long
termrestoration. To do thjsve need more studi@ghich look at either planted or naturally
regenerating trees and understory species together, instead of the more traditional approach
focusing predominantly on each of these parts separttedyny hope that this research will
help to build on the current knowledge and understanding of how to effectively and efficiently
restore disturbed areas of the boreal forest back to funufjdoiest ecosystems. Furthermore,
this research isot only relevant to thiarge mining aream Albertabut can also be applied to

otherareas of the circumpolar boreal forest whextensivandustrial disturbance is common.
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Appendices

Appendix I. Species which germinated during the seed bank study, their classification, and if
they were present in the forest floor material (FFM) and/or the peat mineral mix (PMM). Growth
forms included grass (G), forb (F), or shrub (S); origin was either naté&kéota (N) or
introduced (I); and forest species were either characteristic of a mature forest understory (F) or
other species (O). Rare species (*) had only 1 individual in the seed bank study.
Growth Forest
Rare Seed bank Species Form Origin Species FFM PMM

* AchilleamillefoliumL. X
Astersp.
BarbareaorthocerasLedeb.

* Betulasp.

*  CardaminepensylvanicaMuhl. ex
Willd.

Carexsp.
ChenopodiunalbumL.
Chenopodiuntapitatum(L.) Asch.

* CirsiumarvensgL.) Scop.
CorydalisaureaWilld.

*  DracocephalunparviflorumNutt.
EpilobiumpalustreL.
Equisetunsp.

Fragaria virginianaDuchesne

* GaliumborealeL.

* Galiumtriflorum Michx.
Geraniumbicknellii Britton
Grass sp.
Hieraciumumbellatumi.

Juncus bufoniuk.
LathyrusochroleucudHook.

* LedumgroenlandicunOeder
PolygonumaviculareL.
Polygonunpersicarial.
PotentillanorvegicalL.
Ranunculusceleratud..
RubusdaeusL.

* RumexmaritimusL.

Salixsp.

SonchusrvensislL.
Stellariamedia(L.) Vill.
Typhalatifolia L.

Urtica dioicalL.

Vicia americanaMuhl. ex Willd.

* Vacciniumoxycoccos..

MTwWTTT
z2Z2—22Z2
X X X X

XXXXXXXX XXXXXXX

XX XX XXX
X

OmMOO0OO0OO0OO0OO00O0OO0O0OTMMOOOOTMTMTOOOOO0OO0OO0OO0 OmMmOmTm
X X
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Total Species Richnes: 28 13
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Appendix Il. Results of Indicator Speciégalysis on vegetation composition data (percent

cover by species) in the seed bank and for each growing season at the reclamation site. Given are
species with their indicator values (1.V.) and significancedRes). The analysis focused on the

main effect of capping material. * indicates species which are native to Canada and " indicates
species which are characteristics of a mature boreal forest understory.

Year Treatment Species V. P-value
Seed bank FFM Potentillanorvegica* 0.920 0.0002
Carexsp.* 0.917 0.0002

Geraniumbicknellii* 0.894 0.0002

Grass sp. 0.695 0.0100

Chenopodium album 0.671 0.0012

Chenopodiuntapitatum* 0.671 0.0010

Polygonunpersicaria 0.671 0.0010

Rubusdaeus* 0.548 0.0224

PMM Epilobium palustré 0.830 0.0046
Equiseturmarvensé 0.632 0.0048

2011 FFM Geraniumbicknellii* 0.975 0.0002
Potentillanorvegica* 0.972 0.0002

Carexspl* 0.949  0.0002

Polygonunpersicaria 0.898 0.0002

Rubusdaeus* 0.883 0.0002

Kochia scoparia 0.842 0.0006

Grass sp. 0.825  0.0008

Corydalisaurea* 0.823 0.0002

Dracocephalunparviflorum*  0.742 0.0002

Lathyrusochroleucus*» 0.742 0.0004

Chenopodiunalbum* 0.671 0.0014

Chenopodiuntapitatum* 0.671 0.0006

Vicia americana*” 0.632 0.0044

Astersp 2, 0.592  0.0068

Juncus bufonius* 0.592 0.0088

PMM Equiseturmarvensé 0.956 0.0002
Populusbalsamiferd 0.852 0.0002

Salixsp™* 0.592  0.0096

2012 FFM Geraniumbicknellii* 0.954 0.0002
Potentillanorvegica* 0.871 0.0002

Rubusdaeus* 0.871 0.0002

Sonchusrvensis 0.853 0.0074

Carexsp:* 0.844  0.0024

Polygonunpersicaria 0.840 0.0056

Dracocephalunparviflorum*  0.736 0.0044

Vicia americana*” 0.696 0.0006

Juncus bufonius* 0.679 0.0066

Lathyrusochroleucus*» 0.671 0.0010

Equisetunmarvensé 0.955 0.0002

85



PMM

Chenopodiunalbum* 0.950 0.0002
Populusbalsamiferd 0.858 0.0016
Salixsp>* 0.794  0.0004
Epilobiumangustifolium* 0.759 0.0140
Populustremuloides 0.619 0.0150
Seneciovulgaris 0.548 0.0202
2013 FFM Vicia americana*” 0.939 0.0002
Agrostis scabra 0.929 0.0002
Geraniumbicknellii* 0.890 0.0002
Carexspl* 0.888  0.0018
Sonchusrvensis 0.849 0.0048
Lathyrusochroleucus*» 0.840 0.0002
Achilleamillefolium*» 0.761 0.0078
Fragaria virginiana* 0.686 0.0028
Symphyotrichunailiolatum*» 0.632 0.0182
Polygonumaviculare 0.542 0.0446
PMM Equiseturmarvensé 0.942 0.0002
Populusbalsamiferd 0.910 0.0004
Epilobiumangustifolium* 0.895 0.0014
Equisetunsylvaticunt 0.860 0.0002
Erigeroncanadensis* 0.765 0.0254

YIncludes at least one or more sedge species that could not be identified to species
?Includes at least one or more grass species that could not be identified to species
3Includes ateast one or more willow species that could not be identified to species
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Appendixlll. New species added to the FFM in the 201
indicates that the species was previously fou
indicates that the species was found in the F
that the species was not previously encountered.

Seed

Species PMM Bank Other

2012

Campanula rotundifolid..
Erigeroncanadensis.
Fragaria virginiana Duchesne X
GaliumborealeL. X
Gentianellaamarella(L.) Borner

Lactucaserriola L.

Plantagomajor L.

Salixsp. L. X
Symphyotrichum ciliolaturtLindl.) A.
Love & D. Love

Taraxacum officinalé.H. Wigg.

X X

X XXX

N | X
N
o

Total

2013

Aster puniceuglL.) A. Léve & D. Love
Crepis tectorunt.

Geum macrophyllurivilld.
JuncusalpinoarticulatusChaix ssp.
nodulosugWahlenb.) HameAhti
Melilotussp. Mill.

Mertensia paniculatgAiton) G. Don
Parnassia palustrig.

Petasitedrigidus (L.) Fr. var.sagittatus
(Banks exPursh) Cherniawsky
Ranunculusceleratud..

Rhinanthus minot. X
Ribes oxyacanthoidds

Ribes tristePall.

Rosa acicularid.indl.

Rumex maritimusk. X
Trifolium repend..

Typha latifolialL. X
Viola aduncaSm.

RIX X XXX X XXXX XXXX

Total 2 1
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Appendix IV. Seed bank expression under different fertilizer regimes (C=control, L=low,
H=high, and S=slow release) in the forest fl o
presentthatyeandd i ndi cates that a species was prese
present.

2011 2012 2013
Species Name C L H S C L H S C L H S
Grass sp. X X X X X X X X X X X X
Astersp. X X X X X X X X X
Barbareaorthoceras_edeb. X X X X X
Betulasp.
Cardaminepensylvanicaviuhl. ex X X
willd.
Carexsp. X X X X X X X X X X X X
ChenopodiunalbumL. X X X X X X X X X - - X
Chenopodiuntapitatum(L.) X X X X - - - - - - - -
Asch.
CirsiumarvensegL.) Scop.
CorydalisaureaWilld. X X X X X - - - - - - -
DracocephalunparviflorumNutt. X X X X X X X X - - - -
EpilobiumpalustreL. X X X X X X X X X X X X
Fragaria virginianaDuchesne X X X X X
GaliumborealeL. X -
Galiumtriflorum Michx.
Geraniumbicknellii Britton X X X X X X X X X X X X
HieraciumumbellaturL. X X X X X X X X - - - -
Juncus bufoniuk. X X X X X X X X - X - X
LathyrusochroleucusHook. X X X X X X X X X X X X
PolygonumavicularelL. X X X X X X X X X
Polygonunpersicarial. X X X X X X X X X X X
Potentillanorvegical. X X X X X X X X X X X X
RubusdaeusL. X X X X X X X X X X X X
RumexmaritimusL. X
Sonchusrvensisl.. X X X X X X X X X X X X
Stellariamedia(L.) Vill. X X -
Urtica dioicalL. X X - - - -
ViciaamericanaMuhl. ex Willd. X X X X X X X X X X X
Total 19 20 16 17 17 19 15 18 13 17 11 17
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AppendixV.New species added to the PMM in the 2017
indicates that the species was previously fo
indicates that the species was found in the
that the species was not previously encountered.

u
P
Seed

Species FFM Bank Other

2012

Astersp. L.
ChenopodiunalbumL.
Chenopodiuntapitatum(L.) Asch.
DracocephalunparviflorumNutt.
Erigeroncanadensis.

Juncus bufoniuk.
LactucaserriolaL.

Matricaria perforataMérat
RhinanthusminorL.
SeneciovulgarisL.

Typhalatifolia L. X
Vicia americanaMuhl. ex Willd.

X X X XXX

XX X X

~ | X

Total

2013

Achillea millefoliumL. X

Mitella nudalL. X
Piceaglauca(Moench) Voss X
Stellaria medigL.) Vill. X
Symphyotrichum ciliolaturLindl.) A. Léve & D. X

Love

Total 1 2 2
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Appendix VI. Seed bank expression under different fertilizer regimes (C=control, L=low,
H=high, and S=slow e | e a s e)

longer present.

Species Name
Grass sp.

AchilleamillefoliumL.

Carexsp. L.

EpilobiumpalustreL.

Equisetunsp.

LedumgroenlandicunDeder

Potentillanorvegical.
Ranunculusceleratud..

Salixsp.

Stellariamedia(L.) Vill.

Typhalatifolia L.
Urtica dioicalL.

Vacciniumoxycoccog..

in the
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x X

Species Richness

Appendix VII. Results of a repeated measures ANOVAs examining the effects of fertilizer

(Fert.), year, and their interaction (Int.) on percent cover by species group and richness of all

species (per plot) for each capping material. Bold values represent significar€eCi.

Species FFM (n=5) PMM (n=5)

group Fert. Year' Int. Fert. Year' Int.
Richness 0.4979 0.0051 0.2373 0.9824 <0.0001 0.4947
Total cover 0.0120 0.0020 0.0232 0.0320 <0.0001 0.0105
Forb 0.0058 <0.0001 0.0053 0.0382 0.1057 0.4290
Shrub 0.3978 0.0083 0.1393 0.4547 0.7061 0.3778
Graminoid 0.0066 <0.0001 0.0173 0.0356 0.0331 0.5701
Tree 0.4740 0.0294 0.2416 0.1654 0.0238 0.5254
Non-Native 0.2508 0.0030 0.4160 0.3409 0.0127 0.1055
Forest 0.1336 0.0006 0.3261 0.5804 0.0354 0.1537
Annual 0.6751 <0.0001 0.1391 0.2698 <0.0001 0.1833

capp
pre

The 2013 dataset had an unequal sample size due to partial flooding of plots which resulted in the omission of six

plots.
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Appendix VIII. List of all identified species along with their origin, growth form, if they are

present in a mature forest understory, and what year they were observed at the reclamation site.
Growth forms included grass (G), forb (F), or shrub (S); origin was eittigeria Alberta (N)

or introduced (I); and forest species were either characteristic of a mature forest understory (F) or
other species(ORar e species are indicated with a A*o
throughout the duration of the study. Spexs wo t Werme fii ncl uded i n the ¢
species richness counts because they could not be identified in the first year. Year indicates in

which growing season(s) a species was observed.

Growth Forest
Rare Species Name Form Origin Species Year

Grass sp. G N,I 1,2,3
AchilleamillefoliumL. F N 1,2,3
-Agrostis scabranilld. G N 3
-Alopecurus aequaliSobol. G N 2,3
-Arctagrostis latifolia(R. Br.) Griseb. G N 3
Astersp. L. F N 1,2,3

*  -Aster puniceuglL.) A. Love & D. Love F N 3
BarbareaorthocerasLedeb. F I 1,2,3

* BetulaglandulosaMichx. S N 1,2,3
-CalamagrosticanadensigMichx.) P. G N 1,2,3
Beauv.

* Caltha palustrid_. 1,2

* CampanulaotundifoliaL. 2
Cardaminepensylvanicaviuhl. ex Willd. 3
Carexsp. 1,2,3
-CarexatherodesSpreng. 3

-CarexaquatilisWahlenb.
-CarexdispermaDewey

-Carex siccatdDewey
ChenopodiunalbumL.
Chenopodiuntapitatum(L.) Asch.
CirsiumarvensgL.) Scop.
Collomialinearis Nutt.
Cornuscanadensi4..
CorydalisaureaWilld.

Crepis tectorunt..
Dracocephalunparviflorum Nutt.
EpilobiumangustifoliumL.
Epilobiumciliatum Raf. sspciliatum

1,2,3
1,2,3
SB

EpilobiumpalustrelL. 1,2,3
Equisetunsp. 1,2,3
Equisetunmarvense.. 1,2,3
-EquisetunpratenseEhrh. 2,3

-EquisetunsylvaticumL.
Erigeroncanadensis.
-Festuca saximontanydb.

2,3
2,3
2,3
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Fragaria virginianaDuchesne
GaliumborealeL.
Galiumtriflorum Michx.
Gentianellaamarella(L.) Borner
Geraniumbicknellii Britton
Geum macrophyllurdilld.
HieraciumumbellatumL.
-Hordeum jubatunt..
JuncusalpinoarticulatusChaix ssp.
nodulosugWahlenb.) Hame#Ahti
Juncus bufoniuk.

Kochia scoparigL.) Schrad.
Lactucaserriola L.
LathyrusochroleucugHook.
LedumgroenlandicunDeder
-Lolium persicunBoiss. & Hohen. ex Boiss
Matricaria perforataMérat
Melilotussp. Mill.
Mertensiapaniculata(Aiton) G. Don
Mitella nudalL.

Parnassia palustrig..
Petasitedrigidus (L.) Fr. var.sagittatus
(Banks ex Pursh) Cherniawsky
Picea glaucagMoench) Voss
Plantagomajor L.
-PoapalustrisL.
PolygonumaviculareL.
Polygonunpersicarial.
Populusbalsamiferal.
PopulustremuloidesMlichx.
Potentillanorvegical.
Ranunculusceleratud..
RhinanthusminorL.
RibesglandulosunGrauer
Ribes oxyacanthoides

Ribes tristePall.

Rosa acicularid.indl.
RubusdaeusL.
Rubuspubesceniaf.
RumexmaritimusL.

Salixsp.

-Salixmyrtillifolia Andersson
-Salixplanifolia Pursh
SeneciovulgarisL.
SonchusrvensisL.
Stellariamedia(L.) Vill.
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-Symphyotrichunailiolatum (Lindl.) A.
Love & D. Love

Taraxacum officinalé=.H. Wigg.
Trifolium repend..

Typhalatifolia L.

Urtica dioicaL.
Vacciniumoxycoccog..

Vicia americanaMuhl. ex Willd.
Viola aduncaSm.

T

L 72 i o e B e
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2,3
1,2,3

2,3
1,2,3
SB
1,2,3

Total Species Richness = 77 species
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