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During the extraction of natriral resources such as timber and minerais. and in the 

development of hfhtructure and mega-projaits, areas of land are disturûed and in many 

cases remain so for extended periods of tirne. For the purpose of this projeck land is 

considered to be drastically d i s t u M  if the native vegetation and animal communities 

have been removed and the topsoil is lost or dtered. exposing a biologically barren subsoil 

surface condition. There are two basic approaches that can be taken in revegetating 

drastically disturbed sites devoid of topsoil or organic matter. They are: (1) Allow 

naturai succession to take place: or (2) Give succession a "kickstart". 

The purpose of this study was to identiQ and evaiuate revegetation strategies and 

techniques which may serve to "kickstart" succession on drastically disturbed lands 

within the Manitoba Mode1 Forest (MMF) region. The objectives of this study were: (1 ) 

To identifi and review the revegetation strategies and techniques currently king used by 

various agencies; (2) To rrssess the identifïed revegetation strategies and techniques for use 

in Manitoba; (3) To evaluate the chosen revegetaiion strategies and techniques through 

field trials: (4) To make recommendations for the revegetation of drastically disturbed 

lands based upon the review of stratedes and techniques, and the results of field studies: 

and (5) To develop guidelines for 'pst-snidy" monitoring and analysis of field çhidies. 

Field trials were used to assess the potential of hydroseeding and mulching around 

established trees and shmbs in the revegetation of drastically disntrbed lands within 

Manitoba and the MME The materiais that were evaluated included currently available 

hydroseeding pducts.  specifically, a bonded fiber matrix and a wood fiber product with 

tackifers. These exhibiteci excellent adhesive qualities under a variety of slope conditions 

and supporteci germination rates of 50-80%. In addi tioa a paper mi11 sludge was 

evaluated for its potential as a component of a hydroseeding slurry and as a protective 

mulch (both as a dry mulch and a i'hydromulch'') for established trees and shmbs 

(Jac kpine. Pinus banhiana; White spruce. Picea gkzuca; Buffaloberry (soap berry), 
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Shepherdia argentia; Dogwood, C o r n  stoionijera; Acute wülow, Salir a~~~t i fo / ia :  Wild 

rose, Rosa sp.; Hawthom, Crataegus moldiana). 

The paper sludge was easily applied as a component of a hydroseeding s1un-y. It 

exhibited excellent erosion control properties and suppoRed germination rates of 60-80%. 

In evaiuating its performance as a protective mulch for established trees and shrubs, the 

results show that neither of the protedve mulches (dry or hydromdch) had any 

apparent effect on the over-wintering success of the plants. Survival rates rauged fiom 

94-100% in dl treatments (with only one species. buffdobeny. at 88%). With regard to 

the effects of the treatments on plant quality, the plants that received the "hydromulch" 

treatment exhibited the best plant quality ratings. Five of the seven species benefited 

fiom the dry mulch treatrnent versus the control treatment, with ody hawthorn and 

Jackpine not showhg any apparent derived benefits. 

Recornmen&tions include: (1) utilizing commercially available hydroseeding products as a 

technique for revegetating drasticall y disturbed sites in Manitoba; (2) undertaking fiuther 

research into the use of the paper mil1 sludge as a viable hydroseeding component; (3) 

utilizing the paper sludge, both as a ~ I Y  mulch and "hydromulch" to provide protection 

for established trees and shnibs. and (4) m e r  research into the use of the dry mufch to 

provide impetus for succession, based upon its apparent ability to support the 

establishment of pioneer and ruderal species in the îrkls. 
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Chapter 1: Introduction 

1.0 Background rad Study Rationale 

During the extraction of natural resources such as timber and mherals. and in the 

development of i- and mega projects, such as hydroelectric dams. areas of 

land are disturbed and in many cases remain so for extended periods of time. The 

definition of drastically disturbed land varies between cultures and between individuals 

within a culture. For the purpose of this project, land is considered to be drastically 

disturbed if tbe native vegetation and animai comrnunities have been removed and the 

topsoil is lost or altered, exposing a biologically barren subsoil surface condition. 

The lack of soil or growing medium makes it mcuIt, if net impossible? for 

revegetation and uaturai succession to take place. Therefore, the revegetation process 

may need to be aided by altering or enhancine the soil conditions so as to develop a new 

p w t h  medium, and stimulaihg the natural revegetation of the site. 

1.1 Drasticaliy Disturbed Lands 

The causes of drastic disturbance ace varied with most k i n g  associated with 

activities related to settlements such as cities and towns and the supporting 

infiastructure. Activities such as construction, forestry and mining as well as the 

infr;istructure that support these, such as roads and railways, pipelines. utilities. drainage 

ditches, dams and &es. d l  lead to the drastic disturbance of land. These disturbed lands 

have social, environmental and economic implications associated with them. In forestry, a 

disturbance such as a road cut or borrow pit represents a loss of potentially productive 

timber land. in some cases lost recreaîionai potential and a loss of wildlife habitat. in 
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mining, taiiings and spoils represent a particular challenge due to the potentially harsh 

condition associated with them. Properties such as extreme pH. lack of organic matter 

and the presence of heavy metals may l ave  a negative impact on the smunding 

environment and make the process of revegetation difficult. In agriculture, drastically 

disturbed lands represent lost production potential. can result in the M e r  loss of 

valuable soi1 through erosion, may lead to the contamination of adjacent water bodies by 

fertilizers and pesticides by ailowing run-off to occur, and may result in the invasion of 

the site and adjacent land by undesirable plants. 

The revegetation of drastically disturbed lands be@s to address the 

environmental, economic and social issues that are associated with them. Revegetated 

lands are aesthetically pleasing, can support recreationai activities, can provide wildlife 

with habitat, wiii lead to a reduced negative impact on the environment and cari have a 

positive economic impact by becoming productive again. 

However, in the absence of remedial measures. the revegetation of such lands 

through naturaî succession may be unacceptably slow. Therefore, it may be necessary to 

encourage revegetation and nahiral succession by providing either a growing medium or 

the conditions to support the revegetation processes that are to be accelerated, thus 

reducing the duration and impact of the negative consequences associated with these sites. 

Photo 1.1 shows some of the harsh conditions that can be found on drastically 

disturbed lands. In this case, the site is a sand and gravel extraction site located south of 

the town of Birds Hill. Manitoba. Photo 1 .Z provides more examples of the conditions 

that may be prexnt at many exhausted smd and gravel pits. The lack of vegetation and 
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the presence of hi@ dope gradients can result in excess erosion. The lack of revegetation 

is also aesthetically displeasing. 

Pho fo 1.1 : An exampIe of a drertically disrurbed land: A sand and grave/ extraction sire 
loc~ted sotrrh of Birds Hill town, Manitobu. 
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Photo 1.2: An example of site conditions presenr at many sand and grave1 pirs, A lac& of 
vegetarion and high dope gradients restrlr in excess erosion. The lack of revegerarion can 
have a negarive impact on the environment and is aesthetica!IIv displeming. 
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13 The Manitoba Modtl Forest Program 

This project originated with the Manitoba Model Forest Program (MMF), which 

identified drastically disturbed lands. such as sand and grave1 pits. as  sites that require 

revegetation in order to provide for the sustainable use of forest resources (Kaczanowski 

pers. comm. 1 996). The location of the MMF appears in Figure I . l .  The Manitoba 

Model Forest Program (MMF) is mandateci to develop forest management practices that 

will lead to the sustainable use of forest resources. Specifically, the objectives of the 

MMF Program are: 

1. To accelerate the implementation of sustainable development in the practice of 
forestry; 
2. To apply new and innovative approaches, procedures, techniques and 

concepts in the management of forests; and 
3. To test and demonstrate the best forestry practices utilizing the most advanced 

technology and forest practices available. 

(Canadian Forestry Service 1996) 

This project begins to address the need to revegetate drastically d i ~ b e d  lands 

within the MMF. It fails within the mandate of the MMF as it tests and demonstrates 

new and hovative techniques and approaches that may aid in the susbinable 

development of forest resources. In addition, the methods that are identified can be 

applied to the sustainable development and management of other resources, and to other 

sectors. The fmdings of this practicurn may also be applied to the revegetation of 

drastically disturbed lands outside of the MMF. 

The Revegefafion o/Drastica& Disrutbed h d s  5 



Figure 1.1 Location of the Manitoba Model Forest Area 

Location of the Manitoba Model Forest (MMF) 



1.3 Purpose 

The purpose of this study is to identiS and evaluare revegetation swtegîes and 

techniques which may serve to "kick start" plant succession on drastically disnrrbed 

lands withii the MMF region. 

1.4 Objectives 

The objectives of this study are: 

( 1 ) To identiS, and review the revegetation straîegies and techniques currently 
king used by various agencies; 

(2) To assess the identified revegetation strategies and techniques for use in 
Manitoba: 

(3) To evaiuate the chosen revegetation strategïes and techniques through field 

îrials: 

(4) To make recommendations for the revegetation of drasticdly disturbed lands 

based upon the review of strategies and techniques, and the results of field studies; 

and 

(5) To develop guidelines for 'pst-study" monitoring and analysis of field 

studies. 

1.5 Methodology 

To meet the objectives of tbis practicurn the following methodological steps were 

taken : 
Review of revegetation stratedes and techniques available: 
Selection of süategies a d o r  techniques for field evaluation; 

Selection of sites for field triais: 

Evaluation of straiegies and techniques through field trials: and 

Analysis and discussion of data- 
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These are detailed in Chapter 3 of the Practicum. 

1.6 Organization of tbis Pncticum 

This Pradcum is organized Uito five Chapters. Chapter One outlines the 

practicum's purpose and objectives. and provides a general overview of the methodology 

employed to address the purpose and meet the objectives. Chapter Two provides a 

review of revegetation approaches used. and the strzrtegies and techniques ihat are used in 

those approaches. Chapter Three details the methodology used to meet the objectives 

and to evaluate the strategies and techniques se!ected for evaluation by field trials. 

Chapter Four provides a discussion and analysis of the field trial data. Chapter Five 

provides conclusions of this practicum highlighting specific rewrnmendations for the 

Manitoba Mode1 Forest Program to consider. The Bibliography and Appendices follow. 
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Chapte r 2: The Revegetation of Disturhd Sites 

2.0 Preface 

This chapter will review the literatiae relateci to the revegeration of drastically 

disturbed lands. It begins with an overview of the approaches and principles applied in 

the revegetation of such lands, then details the considerations related to those processes. 

A review of best management practices of sites is included an overview of ushg native 

versus non-native plant species is provided, and descriptions of soi1 amenciments and the 

associated advaotages and disadvantages of each are provided. The document refers to the 

practices of otber jurisdictions and to relevant case studies. Examples nom Manitoba of 

revegetation practices are lacking. The compilation of a list of potential techniques and 

methods for consideration was the fht step taken to meet the purpose and objectives o f  

th is  practicum. The chapter summary distills the findings of the üterature reviewed. 

2.1 Introduction 

As a first step, the review of literature was used to set out the principles îhat are 

involved in the revegetation of drastically disturbed sites. This project focused on sites 

that lack any topsoil or other organic material. therefore the methods and techniques used 

to promote revegetation under in such conditions were of most interest. 

Revegetating lands involves soi1 conservation when possible, soi1 deveiopment 

when required. the amendment of existing soils, erosion control methods, reforestation 

approaches, honiculturai and @cultural practices. the use of native and non-native plant 
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species. biological inputs on occasion a d  the pradces of bioengineering. The practice of 

revegetation combines these disciplines and approaches, as the situation requires. 

2.2 Background 

The process of revegetation involves speediDg up or bypassing the natural process 

of invasion by pioneering plant species (Coppin and Styles 1995). The speed with which 

nanual succession takes place depends upon the hostility of the site or de- of stress of 

the existing ground surface (Coppin and Styles 1995). Thmfore, in revegetatiog 

drastically disturbed lands it is important to establish a vegetative cover as quickly as 

possible to provide erosion control for the short terni, which can then support the 

development of a viable soi1 that in tuni, can support a viable plant comrnunity for the 

long term. 

A nurnber of obstacles are associated with the revegetation of drastically disturbed 

lands. The site may be characterized by extreme slopes and associated hi@ erosive 

forces. the pH of the soi1 may have been altered, and there rnay be heavy met& or other 

phytotoxins present. To ovvemme these obstacles, engineering techniques. apnomic 

principles and hotticulturai howledge are applied. Horticultural and agicultural 

knowledge and techniques are ernployed in the development of a suitable growing 

medium. By applying this knowledge the soi1 characteristics required for optimal water- 

plant relationships can be put in place. As part of this process, the consideration of 

necessary soii arnendments or nutrients also takes place. Here, both engineering 

principles and the appropriate agriculnual pnnciples dealing with soil, fertility and soil 

structure are utilized (Box 1978). 
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With the growing medium in place, the establishment of plants becomes the main 

focus of the revegetation effort and the application ofagronomic and horticulhval 

practices continues to be important. Seedbeds must be p r e p d ,  proper plant species 

must be selected, proper seed placement is required and the maintenance of these plants 

becomes of the utmost importance. After plants are established. it may be necessary to 

provide a monitoring and maintenance program to ensure the plants &n viable (Lowe 

1 979. Gerling 1996). 

The application of whaî are known as bioengineering techniques is important when 

dealing with dope stabilhtion and erosion control. BiwngineeTiag combines the use of 

plants and constniction techniques in the control of erosion and when stabilizing slopes 

(Morgan and Rickson 1995). Sites that are particdarly difficult to restore usually require 

the implementation of such approaches. 

In dl situations, the obstacles associateci with the revegetation of these sites will 

require the application of available technology and the developrnent of new methods and 

techniques through researçh (Box 1978). 

2.3 Choosing a Revegetation Approach 

Coppin and S tiles ( 1 995) suggest that there are a combination of factors that affect 

the choice of approach to the establishment and management of vegetation. Ecological 

and environmental factors and constraints should be reconciled with fûnctional 

requirements (Coppin and Styles 1995). Prior to the selection of vegetation for a site. a 

basic choice has to be made between two approaches: 
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1 .  Modifying the site or environmental conditions to suit the d e s i d  vegetation. This is 

the moa appropriate when the situation r e q h  a specific type of vegetation, or 

when money is no object. 
Or 

2. Selecting appropriate species to suit the prevailing site and environmmtal conditions 
(Coppin and Styles 1995). This choice is dependent upon the nature of any 
constraints due to site conditions and the extent to which there is provision to rnodifi 
them. and on the flexibility of the desired vegetation and the bct ions it will be 
required to perform (Coppin and Styles 1995). 

Some site conditions can be readily modifieci. such as fertility of the soil. while 

others are dificult if not impossible to modify, such as climate. in gmeral, the main d e  

is "the less you mdify  the site conditions to suit the vegetation, the l e s  management 

you will require, and the more you can utilize naturai processes of vegetation 

development" (Coppin and Styles 1995). Therefore, a balance has to be smick between 

these approaches and in practice a combination is usually adopted (Coppin and Styles 

Other considerations are also important such as amenity. end use for the site, or 

the resources available for long-term management of the vegetation. in addition. the 

resources needed and available for each step in the revegetation process: design- 

establishment-aAefcare-mmqement have to be understood and allowed for so that the 

vegetation can fùlfill the required fûnction in the long tenu (Coppin and Styles 1995). 

2.4 Replanting vs. Natural Successioa 

Approaches to revegetation include naîurai succession. which entails leaving a site 

to natural processes for the re-establishment of plants and an eventuaily viable plant 

community, versus replanting. which involves the re-establishment of plants with human 
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intervention. The lack of soi1 or organic matter on many disturbed sites is a difficuls 

hostile environment and places many constraints on the nanval re-establishment process. 

As a result, approaches to deal with these difficult conditions have been developed. 

When revegetating through replanting, two steps are common; establishment and 

maintenance. Coppin and S tiles ( 1 995) define establishment "as a process îhat involves 

obtaining a vegetative cover using seeding and planting techniques". It includes a period 

of aftercare to fully establish the vegetation and may on occasion take an extendeci penod 

of time. The process of maintenance requires periodic inputs and management in order to 

maintain vegetation in a required form and to prevent unwanted effects occuming (Coppin 

and Stiles 1995). The difference between replanting and natural succession is that 

establishment and maintenance are synonymuus with replanting, and are absent in the 

latter approach. 

Hardy (1 989) describes the process of revegetation as a land management process 

rather than a "one- time" task. The process may involve obtaining suitable seed or plant 

materials, determinkg plant nutrient requirements planting in stages as ofien as is 

required and f d l y .  monitoring success and on-going maintenance. 

Naturai succession involves a sequence of developing plants fiom first coIonizers 

of bare ground, through a series of stages, until a stable natural vegetation or climax is 

reached (Coppin and Stiles 1995). An example of a successional series appears in Figure 

2.1 . In the example, quick-establishing mobile pioneer species colonize the bare ground. 

stabilizing the soi1 and providinp nutrients and organic matter through decomposition. 

Then the ruderal comunity devefops, usually a herbaceous, gras  dominated community. 

Webster's Dictionary (1 965) defines a ruderal species as king "a weedy and commonly 
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introduced plant growing where the natuml vegetation cover has been intempted (usuaily 

by man)". These species provide M e r  stability to the soi1 and act as nutrient sources 

by fixing nitrogen and eventually decomposing. The development of a basic organic layer 

provides for the establishment of a more complex plant community with t h e .  However, 

the rate and the direction that succession takes is dependent upon a nurnber of 

environmental factors, particularly climate, and the availability of propagules like seeds or 

plant fkgments (the importance of topsoil as a source of such material is discussed later 

in this document). Although sites that have been left to revegetate without human 

intervention will eventuaily do so, the time required for succession to take place can be 

quite long. Sites characterized by barsh climates, like those located in northern Manitoba, 

have been hown to fail to mgenerate even after 1 5  years (Carter 1995). Photo 2.1 

provides an example of succession taking place in a bomw pit located within the MMF 

area. 

Replanting of disturbed sites usually involves the establisbment of a "nurse crop" 

such as grasses and legumes as a h t  step, the latter types because of their ability to fuc 

nitrogen. Then, the planting of herbaaous plants or even trees may take place. The 

selection of plants is important for long terni viability of a plant community and as such 

the surrounding plant community can serve as a source of information in this process. 

Idenrimg the pioneer species of a locale may result in p a t e r  success in the replanting 

effort (Shay pers. cornm. 1996; Punter pers. comm. 19%). 
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HlGH Regular management needed to LOW 
maintain the nage 

LOW oiversity ana stability HI GH 

RAPIC Rate of change SLOW 

Luare groundj Permanent grassiand (sub-climax) J 

Figure 2.1 : Naturai succession in plant communities of temperate European climates 
(Coppin and Stiles 1995). 

Photo 2.1: An excnnp/e of the re-esiablishment ofpIanis in u sand borrow pif within the 
MMF. Plants such a~ Equisetum sp., Salk sp. and Red Osier dogwood begin the successional 
process here. 

Naniral revegetation processes are known to work on small disturbances. Geding 

et a[. (1 996) cite examples of such processes where Poplar species sucker ont0 reclaimed 
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areas with time, and conifers seed nanirally through water and wind dispersal - on sites 

that are less than two hundred meters wide. Placing slash over a disturbed site is another 

method used to provide for a natural source of seed. 

2.5 f otential Land End Uses 

The primary goal of revegetaîion projects is to r e m  the disturbed site to a fonn 

of land use that is most appropriate for the location (Green et a[. 1992). In some 

instances it is ody  logicai to revegetate a disturbed site with the surrounding land use in 

mind. For example, a drastically disturbed site located in an agriculnual area should be 

revegetated so that it has minimal impact on the surrounding agricultural land with the 

possibility that in the hmve it rnight once again become productive land When disnirbed 

lands are located in a productive forest they should be revegetated with the surrounding 

ecosystem in mind or to provide for timber production, or bot.. Simply put, the end use 

for a site should be based upon an analysis of the site and the desired long term goals for 

the local area (Box 1978; Green et al. 1992: Gerling 1996). The most appropriate 

revegetation process required to achieve the desired end use is then irnplemented. The 

specific end use is restricted by factors such as local climatic conditions. the remoteness 

of the location and the costs associateci with instailation and maintenance. 

There are a variety of potential end uses, each with its own specif'c site 

preparation requirements including appropriate slope gradients. contouring preferences 

and plant species requirements. Possible end uses include agriculture, forestry, wildlife 

habitat, fish habitat. recreational use, and residential and indusaial use. For example, to 

revegetate a drastically disturbed land so that it may act as wildlife habitat. it is 
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recommended that as great a diversity of physical fatures be provided as possible. In this 

way the site can support a greater overall biodivdty. Fi- 2.2 illusûates the optimal 

physical features recommended to increase biodiversity. 

Both the desired end use and the amount of time that is available for the site to 

revegetate influence the method of revegetation to be used. For example. if the desired 

end use for a site is for timber production, it may be necessary to provide inputs on sites 

lacking topsoil as the natural revegetation process rnay take tm long to make the site 

economically viable. In addition, there rnay be a desire to estabiish an economically viable 

species on the site where one did not previously exist (for example, softwood trees for 

pdp production). On sites where soil is lacking and a specific plant species is desired. it 

may be necessary to either enhance the development of a new soil, amend the soil material 

that is present, or provide some f o m  of protection for the plants. By taking such an 

approach, natural succession of the site can be accelerated, or the desired plants can 

establish quickly and thrive. For situations like this a nurnber of input options are 

available. Fertilizers can be added, mulches can be provided to protect trees and nurse 

crops may be established to begin the deveiopment of a new soit (Lowe 1979, Green et al. 

1 992. Gerling 1996). 
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Figure 2.2: For the development of wildlife habitat. sites characterized by irregularly 
shaped edges and imgular contours are prefemd over those with straight edges and 
regular contours (Green et a/. 1992). 

2.6 The Importance of Soi1 and Ovcrburàcn 

The importance of sails in the successfid development of a viable plant 

cornmunity has long k e n  recopized. Aristotle described soil as king the '*stornach of 

plants" (Wilde 1958). The propenies o f  soil, its or@c content, physical and chemical 

characteristics, ail influence the success of any revegetation effort (Wilde 1958). The 

topsoil andior overburden can provide (1 ) a growing medium for plants: and (2) an 

increase in the intiiltration and reduction of runoff of water, thus reducing erosion (Box 

1978). 

Soil, through its chemical and physical charactenstics, has the ability to store 

water and nuuients, to act as a buffering agent, to provide erosion control and to act a 

home for a multitude of organisrns (Wilde 1958). The soi13 o r p i c  matter is described as 

"a key attribute of soi1 quality" with its d e  king the primary source of. and temporary 

sink for. plant nutrients (Gregorich et ai. 1994). It also plays a vital roie in the soi1 
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m u c m  development which influences p o m s i ~  water infiltration. and oxygen and 

carbon dioxide exchange (Fuller pers. cornm. 1997). Wilde (1958) states that in forests. 

without organic materials present, the development of a viable plant community will be 

hampered and in fact may not take place. 

The soil and overburden are also importaat as a source of seeds and '*cuttings'* 

h m  the original native vegetation (Box 1978). Ifthis source is lost, it becomes that much 

more difficult to revegetate the area with native plant species. 

Loss of the topsoil results in a loss of potential nutrients, poor moisture retention. 

and reduces the cation exchaage capacity of the soil. The cation exchange capacity (CEC) 

refen to the arnount of exchangeable cations that can be held by a piven mass of s o l  

Even the effectiveness of fertilizers is lost with the loss of the CEC by the soil. A 

reduced CEC means that the soi1 is unable to bind nutrients resulhg in a condition where 

the nuîrients are unavailable for uptake by plants. The type and amount of soil clay and 

the amount of organic matter affect the total cation exchange capacity. Those soils with 

higher amounts of smectite clays versus kaolitic clays have a high CEC. Smectite clays 

corne fiom the family of 2-to-1 silicon (Si) to Aluminum (Al) clay rninerals with a hi& 

surfax area and exchange capacity. while kaolitic clays have a 1 -to- 1 Si to Al ratio and 

lower exchange capaci ty (Singer and Munns 1 996). Similarly, those soils that have large 

amounts of organic matter also have a higher CEC than do those with the same amounts 

and types of clays but l e s  organic matter (Singer and Munns 1996). 

So when soil is l o a  the revegetation approach must provide the conditions anaor 

nutrients required for plant re-establishment that will in tum lead to the eventuai 

redevelopment of a new soi1 capable of supporting plant growth. Without the 
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development of a viable soi1 capable of retabhg moi-, providing nutrients and 

resisting erosion, the efforts of mvegetation may be futile. 

2.7 Plant Selection: 

The selection of appropriate species requires carefûl consideration (Coppin and 

Styles 1995). The selected strategy must combine short-tenn and long-term 

requirements. site limitations and management constraints- Coppin and Styles f 1995) 

suggest two possible strategies: 

Establish the ideal long-tem vegetation as quickly as possible by inaoducing the 
desired *sub-climax' or 'climax' species. with perbaps a proportion of pioneer species 

as a nurse crop. This strategy usually requires a large amount of management input to 
achieve it in a short tirne scale and to maintain it ageinn possible successionai changes. 

Establish a pioneer cornmunity which has the required fùnctional properties and 
which will develop into a suitable climax or subclimax by natural succession. Less 
management should be required suffcient oniy to ensure succession in the desired 
direction. The introduction of M e r  species may be appropnate to encourage 

succession in a requlled direction. 

Whichever strategy is adopted, it is important to understand how the plant 

communities will behave in the long term (Coppin and Styles 1995). Coppin and Styles 

(1 995) suggest that the best way to define what is likely to be the natural vegetation and 

succession is to examine what is grown locally. If the naturai vegetation is unlikely to 

fulfill the functional or ecological requirements. thm it may be necessary to utilize 

different vegetation (Coppin and Styles 1995). 

The Revegeta fion of Drarticaliy Disl~rbeù Lon& 20 



2.8 Native versus Non-native Plants 

It  is generally believed thai native species are better suited to local conditions and 

as a result they have less difficulty re-establishg thanselves onto disturbed sites. This 

makes them more desirable for use in revegetation efforts (Gerling et al 1996). A number 

of non-native plant species have also piayed a major role in revegetation efforts. including 

in Manitoba, because they are extremely cornpetitive. for example Crested Weat  Grass 

(Bailey pers. comm. 1997). However, Windsor (pers. comm. 1998) states that in many 

situations in northern Manitoba where non-native species have been used to teplant sand 

and p v e l  pits, these plants do establish themselves quickly but they die out a f h  

approximately five years. in contrast, native species establish themselves slowly on 

these sites and eventuaily develop a viable plant comunity that is pment even a h  

f i  fieen years (Carter 1 995). Carter (1 995) evaluated revegetation efforts by Manitoba 

Hydro on borrow pits in northern Manitoba and concludeci that the selection of native 

species ultimately contributed to the stability and resiliency of the plant community by 

encouraging n a d  successional stages. 

Until recently, the emphasis on revegetating disturbed lands has been on the use of 

tame or introduced species rather than on the use of the original or indigenous species, 

native to the pre-disturbed site (Gerling et al. 1 996, Pitz pers. cornm. 1 997). 'The 

introduced species, predominantl y grasses, have been planted because their aggressi ve 

groowth characteristics give good protection against erosion. However. it is now known 

that native plants are quite capable of the providing the same erosion prevention (Gerling 

et al. 1 996). 
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Ducks Unlimited Canada (DUC) has determined that the best way to accomplish 

their revegetation objectives is through the use of native grasses, forbes and shrub species 

(DUC 1996). DUC has k e n  actively involved in wildlife habitat restoration for over 50 

years and their efforts include restoration of wetlands and uplands. They find that native 

species are adapted to the conditions of the prairies and as a result are vimially 

permanent, with no need to re-seed them d e r  several years. a contras to many of the 

introduced species used (DUC 1996, Wark pers. comm. 1996). 

The use of Uitroduced species has corne with problems (Gerling et d. 1996). It 

has been found that species like Crested Wheat gras and Russian wild rye do not 

maintain the chemicai quality of native soils and are in fact allelopathic (Wark pers. 

comm. 1996). Allelopatbic plant species possess the ability to inhibit another species by 

using noxious or toxic chernicals to r e d u d  or elimhate cornpetition (Recklefs 1996). In 

other examples. areas planted or seeded with introduced species do not resemble the 

surrounding landscape and have been known to prevent the encroachment of the native 

species ont0 the disturbed site. in Alberta. sites disturbed pte-1940 and left unseeded 

and uncultivated have been found to revert to vegetation closely resembling that of the 

native comrnunities smunding them without inputs (Gerling et ol. 1996). 

In British Columbia, the use of native plants. domesticated native plants and 

innoducd agronomic species are wnsidered wful for revegetaîion (BC Environment 

1997). Plant selection is considered an important aspect of the revegetation process and 

while the use of agronomic species is an established technique for erosioo conml. the use 

of native plants has been shown to have advantages. Native plants have been found to be 

well adapted to low nutrient conditions and it has been determined that their use has a 
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reduced adverse effect on biodiversity. in BC, consideration of plant species includes a 

review of the site conditions and =habilitation objectives. Attributes of the plant 

species' including its rcmt form. reproductive system, growth form. timing and 

adaptability are a11 considered when making selections. 

Ontario N d  Resources and Environment Departmenti have moved toward the 

use of native plant varieties. This is in recognition of the need to maintain the 

environmental integrity of ecosystems and to avoid potential problems associated with 

the introduction of non-native species (Browning pers. comm. 1996, 1997. Gewurz 1986, 

Kinvig pers. comm. 1996, 1997). in a sîudy of the naturai revegetation of old quarry 

faces in the Niagara Escarpment. Browning (1 993) reports that native plant species were 

found to quickly recolonUe sand and grave1 pits, with more than 50./o ground cover 

achieved in two years. However, the Ministry of Naturai Resources still recommends 

that steep dopes. susceptible to severe erosion. camot be Left for naniral succession to 

take place and should be seeded as quickly as possible with a grasdlegume mixture 

(Browning 1993). Here, both native and non-native species are utilized but the choice of 

ground cover must be made carefiilly. In Great Britain. Andrews and Kinsman (1990). 

and Gunn et d (1992) consider the use of native plant species as central to any 

revegetation effort. 

2.9 Site Preparation 

Regardless of the approach chosen to re-establish vegetation on a disturbed site. it 

is important to properly prepare the location and to implement best management 

praftices as required. The related activi ties should include a site clean-up. the 
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implementation of drainage and emsion control measum, and grading and sloping. They 

should be conducted witb consideration for a specific end use for the site. 

2.9.1 Site Clean-op 

Regardless of the type of distuwbed site, whether it is a roadside or bonow pit. 

site clan-up involves the removal of al1 debris and phage  fiom the land including the 

removal of any stnictures or apparatus. For example. in pit and quarry operations. large 

Stones or boulders c m  be stockpiled for sale to construction and ianàscape contractors, 

can be burieci beneath backfill or overburden. or used in the sloping and grading process as 

fil1 material. 

The control of undesirable plant species is also an important component of the 

site clean-up, especially when the disturbed site is adjacent to agicultural land or 

residentiai areas. If the soi1 is contamin@ it may impede plant p w t h  and must be 

remediated or considered for removal. 

2.9.2 Grading and Contouring 

Grading and contourhg (resloping) is dependent upon a number of factors: 

regulations and guidelines, environmental impact considerations, local topopphy and 

desired end use. From a revegetation point of view, the objective of ~s lop ing  is twofold: 

( 1) to minimize potential erosion at the decornrnissioned site, and (2) prepare the site for 

a specific end w. The desired dope gradient rnay be extremely difficult to achieve and 

therefore expensive. In some situations. the local topogniphy, naniral gradient. or 

property boundaries may make it impossible to slope to the desired grade. Figure 2.3 
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illustrates various slope gradients. Even when sites are properly sloped and meci the 

erosive power of water may not be reduced. as illustrated in Photo 1.2. The deep rilling 

that is present is the resdt of water rushing uncontrollably down the slope. 

Successful revegetation of a site usuaily requires a minimal slope gradient of 3 : 1 

(Carter 1995). A steeper slope than this is known to result in the movement of surface 

matenals and the subsequent "shearing off' of a plant's micro-roots. making re- 

establishment of plants difficult (D. Windsor, as cited by Carter 1995). 

Sites characterized by compacted soil or surface material may require scarification 

both before and afier the replacement of  the organic materials. Ir is ar this point that soil 

amendments and fertilizers may be added to the original materials to help provide an 

o p b a l  growing medium. 

Slope Ratio (Run to Rim) 

Fi= 2.3: Slopes are expressed as the ratio of the horizontal run to the vertical rise 
(Green et al. 1992). 
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Photo 2.2: Even on sires with gentfe dopes of &errer t h  a 311 gradient, rilling and surface 
erosion can rake place. This makes the re-vegetation eflort vew dr%ficult. 

2.9.3 Site Drainage 

Erosion is a serious threat to successfid revegetation efforts. The risk of erosion 

can be reduced by providing proper site drainage and erosion control measures. Simple 

practices such as the proper orientation of caterpillar cleats can aid in the conirol of 

darnaging erosion (Figure 1.4). Photograph 2.3 illustrates poor erosion control practices 

as the cleats are improperly oriented leading to excess erosion and in the siltation of the 

adjacent water body. 

Drastically disturbed lands can be sources of silt and pollutants. For example, 

mof f  from acid mine tailings is considered a major pollutant source in the mining 

indusîry and as such, prudent drainage control practices must be employed (Ripley et al. 

1 996). Sand and grave1 pits that are to be closed either permanent1 y or temporarily 
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should also have the proper drainage and erosion controls in place (Green et al. 1992). 

Properly designeci and installed controls can provide for adequate accesç to the remaining 

materials while mitigating the potential for siltation or pollution of any adjacent or nearby 

water bodies or lands. 

Figure 2.4: Soi1 erosion on dopes can be rninimized by leaving cleat marks and ndges 
across the slope (Green et al. 1992). 

Photograph 2.4 illustrotes poor erosion control pracrices as the cleuts me impropetiy 
orientation leadhg tu excess erosion a d  in the siha~ion of the odjacent water body. 
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2.10 Soi1 Amelioratioo: Pmviding a Growing Mdium 

When a drasticali y disturbed land is characterized by a lack of topsoil or other 

organic matter. the revegetation process may taquite that some form of soil ameiioration 

take place. A variety of materiais have been identified and used as soi1 amendment., some 

more successfùlly than others. 

The main role of organic amendrnents in the revegetation process is to assist in the 

. . reconstruction of a viable and self-sustaining soil system (Land Resources Network Ltd. 

( L W )  1993). The application of organic arnendments serves not only to increase soi1 

organic matter content to predisturbance levels for a given period of time, but ultimately 

serves to develop a quality mil-plant system that is equivalent to the surroundhg 

undisturbed landscape. The amendment is a critical step in the restoration of the soil- 

plant system and mtural cycles of the soil (LRNL 1993). in British Columbia 

recornmended organic matenais for soil amendment include topsoil salvaged h m  nearby 

construction sites, manure. hay. straw, paper mil1 sludge and municipal compost (BC 

Environment 1997). 

The importance of a developed organic layer in successful reforestation atîempts 

can be seen dong roadsides in Manitoba Trees growing on land lacking orpanic matter are 

known to be sipifîcantly smaller in size and poorer in quality than those growing on land 

with even a minimal arnount of organic matter (Kacamowski pers. cornm. 1996). 

Successfid revegetation enorts are those thaî addms the need for the redevelopment of a 

healthy and viable orgsnic matter component. 
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A heaithy soi1 is a living, brrarhing system with masses of organisrns living in and 

dependinp on i& including microscopie bacteria, h g i  and algae, to larger o@sms such 

as nematodes and earhworrns (LRNL 1993). Each organism has a role in the 

decomposition of dead animal and plant materials and in making nutrients available to 

plants. With the disturbance of soi1 at an extraction site corne a number of other 

disturbances including the removal of vegetative cover and the stripping off of topsoil and 

overburden. As a result, the biological cycliag of organic materials and plant materials 

fiom organic matfer in the soil, into vegetation, and back into soi1 again. is disrupted. 

Even if rehabilitation of the site has taken place tbrough the addition of soil and nutrients, 

and the establishment of plants, the soi1 orpnisms that are so important to the natural 

processes may be disrupted and this may have an adverse affect on both the physical and 

chernical properties of the soi1 (LRNL 1993). 

Thus, the addition of appropriate soi1 amendments on the disturbed site can be 

considered a step to restoring a viable soil-plant system. Organic amendments may 

stimulate an increase in the soi1 organisrn populations. Some amendments, such as animal 

manure can act as an inoculation of new microbes which can "kick startfr the nutrient 

cycling process. Once this takes place then the mil-plant system can begh to cycle 

organic materials and nuaients and ultirnately produce and build up its own soil organic 

matter ( L M  1993). 

Organic materials that are used as soi1 amendrnents include: 

Animal manure 
Crop residues 
Peat 
Wood wastes 
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Sewage siudge 
Compost 
Humates 

The organic materiais listed will be briefly reviewed, focusing on the benefits and 

drawbacks of the materials. and occasionally providing examples for their use in 

revegetation efforts. 

2.10.1.1 Animal Manure 

B e n e m  
Manures can be a major source of nutrients. especially nitrogen, potassium and 

phosphorus; 
They are known to act as a slow release fertilîzer: 
Manures are a good, temporary source of organic matter and increases the soi13 

organic matter content and stimulates biological activity; 
They can improve soil physical properties by increasing porosiw agpgate  

stability, water infiltration rates, increasing water holding capacity and by decreasing 
bulk density; 

Manure that has been composted is odour, insect and weed fiee and easy to 

handle. 

The benefits of using manure as a soil amendment are not pmnanent. It is important that 

plants be established so as to maintain viable levels of o r p i c  matter. Plants will also add 

to the carbon supply of the soil. 

There may be a loss of nitrogen through volatilization of NH4-N and runoff if 
manure is not incorporated into the soi1 soon after application. 

Salt may accumulate aAer years of application and may damage plan& and soi1 
structure. 
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Manure can be a source of unpleasant odours, may attract k t s  and rnay be a 

source of weed seeds if not properly composted. 
Heavy rnetals may accumulate with years of heavy application; 

Manure may be a potential health paîhogen: 
Manure may contaminate surface and ground water supplies especidly with 

nitrates and phosphates. 

Use for RevegciOaÔn 

Manure has been used to as a part of the revegetation process on many types of 

land disturbances. For example. the addition of manure to sand and grave1 rnateds tias 

resulted in more favourable pH conditions for seedling germination and mot developmen& 

provided essential plant nutrients. and increased water content of the material when 

compared to fertilized cootroIs ( L M  1993). 

When using manute as a soil amendment in revegetatioa, the following is 

Test the manure for nutrient content and potential problems such as hi& 

concentrations of salts, heavy metals and other contaminants; 
Use rnanure at rates that will meet nitrogen requirements as excess nitrogen can be 

leacheci; 

It should be incorporated into the soi1 as soon as possible after spreading to 

prevent odours. and to avoid nutrient loss through m o f f  and volatilization: 
It shodd be well incorporated into the soi1 and not applied in layers or lefi in 

piles: 

Manure should not be applied to ground that is covered by mow or fiozen and 
subject to sudden runoff, such as a flood plain; 

It should be injected into the soil to avoid odour and insect problems: and 

Composted manure is a good choice for revegetation because it is odour, weed and 

insect fiee. and easy to transport and handle. If composted manure is not available, 

then non-composted but well rotted rnanure is a better choice. 
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2.10.1.2 Cmp Residua 

Crop residues include : 

tumhgundergreenmaaure~; 
growing forages with or without other crops in rotation: and 
incorporating straw. 

The objective of these practices is to increase and help maintain organic matter and 

nutrient content in the soi1 and improve the soil's physicai characteristics. 

Green mumring involves incorporating k h ,  mdecomposed plant material into 

the soi1 by plowing under a growing crop &RM, 1993). Both lepmes and non-legumes 

are used. It is recomrnended that legumes be inoculated with the appropriate Rhizobium 

bacteria prior to seeding for optimal p w t h  and nitmgen fixation ability (LRNL 1993). 

Forage crops include anauai a d  paennial legumes and grasses. The inclusion of 

legumes provides for nitrogen fixation capability to the crop. The fibrous mot system of 

grasses acts as a good soi1 stabilizer, essential for erosion control. This plant material is 

established as a permanent ground cover and provides for the development of a viable soi1 

throua the decomposition of its vegetative parts. Forages also act as animal feed as hay 

Shaw cm be incorporated into the mil, applied as a surface mulch or left as 

stubble. The straw of grains is used as a soi1 amendment. Straw acts as an erosion 

contro l and serves to increase soi1 organic matter. 

Cenerd Benefi of Crop Residues 
Soil organic matter content can be in& 

Soil physical properties can be improved, including infiltration rates. water 

holding capacity, aggregation and bulk density; and 
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Soi1 erosion by wind and water can be wntmiied. 

The benefits of a single crop residue are short lived and this technique is mon 

effective when repeaîed at regular intervals. 

Benef- of Gnrn Mmurcs (Biederbeck 1988 and Wanaan 1980 as cited in LRNL 1993). 

Increased available nitrogen, and therefore care must be @ven that additional 

fertilizer is not added in excess (Rowell 1978) : 

tmproved microbiologicai activity and nuirient cycling; 
Reduced leaching of nutrients: and 

hcreased yields of succeeding crops. 

If legurnes are not included as part of the crop a high a h o n  to nitmgen ratio rnay 
result in depressed nitrogen uptake by the succeeding cmp; 

A poorly chosen green manure crop am deplete soi1 moisture in areas of low 

rainfdl, with the result that succeeding crops may suffkr h m  drought; and 
If legurnes are used the seed is expensive, dificult to establish and results in a 

valuable feed crop, so that there may be some reluctance to turn the crop under. 

Bene* o/Strow (Brown et (11. 1988, Norland and Vieth 1990 as cited in LRNL 1993). 

As a mulch: 
Shading and moderation of temperature extremes; 

Conservation of soi1 moisture and d e c r e d  evaporation; 

Protection of soi1 from the sun, and h m  compaction by rain. 

As stubble: 

Economic return from the grown crop: 

Protection of the mil and seedlings fiom wind erosion and excessive drying: 
Trapping of mow if stubble is lefi standing. 
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Problems that c m  occur when using straw as a mulch (Brown et al. 1980 as cited 

in LRNL 1993): 

Difficulty of broad uni form application; 

Problems with harbouring weed seeds: and 
Difficulty of keeping mulch in place. 

Disadvantage with the use of stmw from annual crops (Brown et (11. 1980 as cited 

in LRNL 1993): 

Cornpetition with perennial seedliags; 
Persistence of plants if seeds are not harvesîed: and 

A succeeding crop may be necessary to prevent erosion in the winter months. 

Benefih of Fomges (Serecon Management Consulting Inc. 1992 as cited in LRNL 1993). 

Increased interception of precipitation; 

Increased trapping of snow: 

lncreased nutrient recycling; and 
Break-up of soi1 compaction. 

There are few drawbacks to growing forages if they are appropriate for the 

location. 

Use of Crop R a i d v a  in Revegctati'on 

Forage production is a cornmon end use for many rehabilitated areas. However, 

there is a lack of documentation on the effects of forage crops on soit properties. 

According to the Alberta Conservation Council publications, green manures are rarely 

used for rehabilitation. The integration of straw is practiced on well sites to break up 

compaction and impmve water infiltration. Straw is also used as an erosion control 

measure on erosion prone sites. 

- -  - 
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A unique practice that uses crop residues in the revegetation of areas disnirbed by 

mine activities involves what is known as %imping? This process involves growing a 

cover crop for hay, then after harvest integrating the stubble, or "crimping" it into the soi1 

using a duIl dis .  A variation on this appmach involves laying straw over an area then 

i n t e p h g  it into the soi1 with discs. The 'tolunteei' crop wheat or flax that germinates 

fiom seed fiom the straw can be mowed if it is cornpeting with the native seedlings for 

light or water (Gerling et ai. 1996). Crimping has been used in Alberta and in Manitoba 

(Pitz pers. comrn. 1997). 

In trials testing the effectiveness of soi1 amendments for revegetating stripmine 

spi ls  in Illinois, Olsen and Jones (1 989 as cited in LRNL 1993) incorporated crop 

residues and other organic amendments. They found that buik densities were lower in the 

second year of treatments and organic maner was increased after two years. However, 

only manures were able to restore corn yields equivalent to the replaceci topsoil 

treatment. 

M e n  using green manures it is important to establish the exact objective for using 

the crop residue amendment, before choosing the type of residue to use for revegetation 

( L m L  1 993). This approach can be usefid in wind and water erosion control. increasing 

soi1 organic matter and nitrogen content and improving the soil's physical properties 

(Takyi ef ol. 1977: Rowell 1977. 1978. 1979; LRNL 1993). 

2.10.1.3 Peat 

Agriculture Canada de fines peat as 'îmcoasoli&ted soi1 matenal consi sting large1 y 

of decomposed, or slightly decomposeci, organic manef'' (Agriculture Canada 1976). For 
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the purposes of tbis document, peat incldes what is commonly hown as  'pear moss" 

or "sphagnum peat moss" and oripinating fiom organic soils. 

Peat improves physical conditions (tilth) of the mil; 
Peat increases the water holding capacity of the soil; 

Peat provides humus and acts a modest nutrient source; and 

Peat is longer lasting than other o r M c  arnendments. 

Literaiure suggests thai the greatest benefits are gained when peat is mixed into 

very sandy or heavy clay mils and the least benefits are &ained with loam s d s  (LRNL 

1993). nie benefits of peat are not permanent. as it does not provide a permanent 

Peat is a poor source of plant nutrients and high rates of fmilizer are 
recommended with its use (Rowell 1977, 1978,1979: LRNL 1993); 

The acidity of peat rnay result in the need for liming; 
Micro nutrient deficiencies may charafterize some mils; 

High rates may be required for benefits to be obvious; and 
Moist peat provides greater benefits than dry peat and is easier to handle. 

Because peats decompose very slowly, they r d  unaltered by soil organism for 

a long tirne. It therefore has minimal use for stirnulating biolopical activity required for 

increasing nutrimt cycling and availabi 1 ity. 

Use of Peat in Revegelotr.on 

Peat is used ~ g u l a r l y  as an amendment for the revegetation of overburden fiom 

surface rnining in the Athabaska Tar Sands near Fort McMurray with some success 
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( T M  et al. 1 977: Rowell 1977. 1978, 1979; LRNL 1993). The addition to overburden 

was show to significantly iacrease the mot penetration of grasses and legumes. There 

was also a noted inaease in nutrient recycling associated with the addition of peat 

(Rowell 1978). in some situations using peat as a mulch rather than mixing it into the soil 

was faund to be more effective for contmlling water erosion and moderathg soi1 

temperature (Logan 1 978. as cited by LRNL 1 993). A rate of twenty five centirneters of 

peat to be mixed in. was recomended to improve the moisture retention capacity of the 

soil so as to ensure optimal plant growth and stabilize the tailing sand (Logan 1978. as 

cited by LRNL 1993). In a study in northern Minnesota (Norland et al. 199 1. as cited by 

LRNL 1993) the use of peat as a soi1 amendment on i o n  ore tailings, found that as peat 

addition rates inmaseci, pH decreased and total organic carbon, organic nitmgen, soil 

organic matter and extractable phosphorous concentraiions increased. Total plant density 

was also found to increase. in Britain. Gunn et d (1 991) recornmend that peat should be 

incorporated into quarry materials at a rate of five percent by volume (in the top fifieen 

centimeters) for best results when seeding. 

Recolllll~endcdt'ons fur the Use of Peut (From LNRL 1 993) 

The pH of the peat to be used is critical. Lime requirements must be determined 

based on the pH of the peat to be use& 

The N rnineralization rate of the proposed peat should be measured to determine 
if. and at what rates. nitrogen fertilizers should be added: - Moist peat that has never dried is a more effective amendment than is air dried 
peat: 

Fertilizers containing both macro and micronutrients should be utilized when using 
peat to amend sandy soils; 

The Revegetarion ofDroffica& Disturbed h a 3  37  



Muiching can be used to control water erosion and moderaihg soi1 ternperatures. 
Incorporation is requid for impro"ng soi1 characteristics for plant growth: and 

Layering should be avoided so as to prevent the occurrence of vertical moisture 
movement. 

2.10.1.4 Wood Waste 

Wood waste includes a wide variety of by-products of the forest industry, 

including: sawdust, bark chips, and paper mi11 sludge. These wastes are generall y 

disposed of by incineration and buming or landfilling, as in the case of sludge. Spreading 

wood waste sludges has been proposed and practiced as an alternative to landfilling. 

especially when rniils are faced with ever increasing transpo~ation costs and tipping fees. 

Sludges can provide some of the nutrimt requirernmts of cmps or general vegetative 

cover. with values of nitrogen of 5% and phosphorus of 0.5% king recorded (LRNL 

1993. Canadian Forestry Service (CFS) 1994, Thacker and Macyk 1995). Dry wastes 

have also k e n  used as a surface cover or muich. or incorporated into the soi1 as a 

conditioner. 

Paper mil1 sludge refers to the b y p d c t  or waste materials resulting from the 

process of pulp production and/or as a result of either a ptimary waste treatment process 

or a primary and secondary waste watment process. Paper mil1 sludges are also referred 

10 as biosolids. in the MMF, the Pine Falls Paper Company (PFPC) miIl produces a 

sludge as a result of its waste treatment plant. This material was k i n g  landfilled at the 

time of this project. In Kenora Ontario, the Abitibi paper mil1 plant dso produces a 

sludge, which is also being landfilleci. 
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In Ontario, Domtar hc. has used papa mil1 sludges as soi1 amendments in 

orchards and me plantations. Preliminary results show some benefit to the development 

of soil organic matter and other physical characteristics (Browning pers. comm. 1996, 

1 997). In Alberta, these materials have also shown to be beneficial as soi1 amendments. 

but may require the input of nitro- fertilizers to be productive (Peel pers. comm. 1996, 

1997). In British Columbia, experience has also shown that the use of paper mill sludge 

usually requires the addition of a fertilizer due to the higb C:N ratio characteristic of this 

material (BC Environment 1 997). 

The use of the sludge as a soi1 amendment for rehabilitating disturbed sites such a 

borrow pits, is believed to be preferable to that of the p c t i c e  of 1-lling 

(Kaczanowski pers. coaun. 1 996). 

Thacker and Macyk ( 1  995) found that grass yields increased signïficantly as the 

rate of paper mil1 sludge increased. They found that at rates of thickness of three and five 

centimeters, dry matter yields increased by a factor of two for early season harvests 

(iune) and a factor of three and five for late season harvest (August). Sludge was added in 

a uniform thickness then rototilled into the soil before g r a s  was then planted. Macyk 

has consistently demonstraied that sludges from paper mills can be landspread and can be 

beneficiai to both soi1 quality and plant growth. Field tests have shown that crop yield 

increases !?om 20 to 100 percent as a result of sludge application (Alberta Research 

Council 1997). in another study, Vogel and Rothwell(1988, as cited by LNRL 1993) 

found that the formation of endomycorrhizae in plants was increased by ail rates of paper 

mill sludge when cornpared to t h e  fertilizer treatrnent. The extensive mycelium of the 

endomycorrhizae allowed for an increased ability of the host plant to absorb nutrients. 
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in a joint research project between Domtar Specialty Fine Papers and the Ontario 

Ministry of Natural Resources, varying amounts of paper mil1 sludge were applied to 

experimental plots. The purpose of the project was to determine whether or not the 

paper mil1 sludge would be bewficial to plant growth and/or act as a soil amendment. The 

material was intepted into the soi1 by discing and poplar tree seedlings were then 

planted. Initial results indicated that the higher arnounts of paper sludge seem to benefit 

the seedlings as evident by better rates of growth (Browning pers. corn. 1 W6, 1997). 

In a plot study in Wyoming, it was found thar the highest rates of wood waste 

produced the greatest plant response (Belden ez al. 1990. Moore et a/. 1991 and Smith et 

al. 1 985, 1 986. as  cited by LNRL 1 993). The resuits were attributed to an increase in 

water infiltration and storage and leaching of salts h m  the mot zone. 

Benem of Wood Wortc 

Increased moisnire retention; 
Inçreased aeraîion; 

Better tilt.: 

Reduced erosion: 

Hindered weed emergence; 

Reduced evaporation; and 

Retain warmth if the soi1 is not excessively wet. 

As mulch. wood wastes are easier to apply, longer lasting and less susceptible to 

blowing and fire than straw or leaves. The benefits of wood wastes are not permanent 

and do not provide a permanent increase in soi1 matter therefore it is i m p o ~ t  to 

establish plants for the maintenance of soi1 organic matter and eventual development of a 

viable soil system. 
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Drawback of Wood Waste 

DLcodvantkages of ming sawdiist and baril m muickcs and conditioners (Bollen and 

Glennie 1 96 1 as cited by LNTU 1993): 

Competition with plants for available nimgen; 
Retention of excess moisture; 
Retardaiion of temperature increases following cold periods; 
Decreased pH if materiai is strongiy fermented; 
Packing of fine material; and 
Objectionable features like divers and dust. 

Wood wastes, such as sawdust and bark, are slow to decompose. As a resuit they 

remain unaltered by soi1 organims for a long tirne. Therefore, tbey are not wfid for 

stimularing biological activity or increasing nutrient cycling availability. However. they 

do provide some positive effects on the physical aspects of soil. 

Dkadvantages of usi~gpaper miil slvdgc as mdcha  and condirionem. 

Competition with plants for available nitrogen: 
Retention of excess moisture: 
Retardation of temperature increases following cold periods; 
Decleased pH if material is strongiy fermented; 
Inconsistent fiber length necessary for use as hydroseeding component; 
Packing of fine material; 
Availability: and 

Associated hauling distance and costs. 

Although paper mil1 sludges have bem shown to be benefinal in promoting 

nutrient recycling and biological aaivity in soils (Thacker and Macyk 1995) there are 

concems regarding the possible heavy metal content of these waste products (Jonasson 

pers. comm. 1 996, 1 997). in addition, the potential presence of dioxins is a concem. not 
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onl y fiom mills producing bleached paper products. but those recycling newsprint and 

other paper (Browning pers. comm. 1996, 1997). Carefbl analpis of the sludge must be 

done when considering it for landspreadiag (Jonasson pers. comrn. 1996, 1997; Brownuig 

pers. cornrn. 1996. 1997). 

Use of Wood Wm!e in Revegetation 

Smdust and Bark 

The use of wood wastes such as sawdust and bark has taken place in many 

rehabilitation projects. Mine spoils that have been arnended with such materials have 

shown an improvement in water id~lûation and storage, salts are more easily leached and 

plants exhibited increased productivity (Beldon et al. 1990. as cited by LNRL 1993). 

Studies also found that high rates of wood waste (90 or 135 M m )  may be required for 

long term improvement of soi1 and enhancement of plant growth (Belden et al. 1990. 

Moore et al. 1 99 1 and Smith et al. 1 985, 1 986. as cited by LNRL 1 993). V m s  et al. 

(1 987) found that fall application of wood waste was more beneficial to plant growth 

than spnng applications ( L W  1993). 

Recommendorio~~~ for Using Wood Wates (al1 types) (Modified fkom LRNL 1993) 

Five to thifleen kilograns of nitrogen. applied in split treatments, should be 

supplied per tonne of wood waste. This is suficient to prevent nitrogen 

immobil ization and reduce the ris k of groundwater contamination. 

Most studies indicate that the higher the rate of application of wood wastes the 

better the result. However. optimal rates and fkquencies of application will be 
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dependent on amornits of nitmgen ferîilizer requhd, and the prvpose of the 

amendment. 

The City of Winnipeg uses sewage sludge as a soi1 amendment for alpiculturai 

soils as part of its Wingro Program. The amount of materid and frequency of its 

application are closely monitored by the City of Winnipeg's Waste Management Division 

in cooperation with the University of Manitoba's Soi1 Science Department. The 

application of this materiai bas been shown to be beneficial as long as its use is limited. 

The greatea concem associated with the use of sewage sludge relates to the potential for 

the accumulation of heavy metals. Freqwnt application of the material has been known 

to resuit in the accumulation of heavy metals (Permute pers. comm. 1993; Racz pers. 

cornm. 1995; Reuter 1997). Researçh into the use of sewage sludge in the rehabilitation of 

mine spoils has found that the productivity of such soils bas been improved, when 

compared to 0th- treatments (Reuter 1997). When used on borrow pits the arneliorative 

effects of the sewage sludg include increased vegetative growth, incleased fmility, 

increased organic matter, decreased bulk density and i n c d  available water capacity 

(LNRL 1993). 

Bene* of Sewuge Sludge (Adapted fkom Alberta Environment 1984. as cited in LRNL 

1993) 

Increased crop production; 
Reduction in fertilizer costs; 

Recycling of nutrients; 
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Soi1 conditioning: and 
Simple disposai of municipal waste. 

As with many other arnendments. the benefits of sewage sludge are short lived and 

it is important for plants to be established as soon as possible to be@n the development 

of a viable soi1 and nutrient recycling. 

Drawbach of S w g e  Slvdgc (Alberta Environment. as cited by L M U  1993) 

Potentiai health hazards unless sterilized or incorporatecl immediately; 

Potential adverse effects on soil and groundwater if guidelines are not carefûlly 
foUowed; 

Potential for undesirable odours and aesthetic problems near populated areas; 
Some land cropping restrictions; 

Availabi1ity;and 

Associated hauling distance and wsts. 

2.10.1.6 Municipal and Yard Compost 

Composîing involves the process of controlled aerobic decomposition of solid 

waste rnaterials, in this case yard wastes such as leaves. The utilization of this matenal in 

Manitoba is restricted to its limited availability. Literature on the use of cornposted 

rnaterials for the rehabilitation of disturbed sites in Manitoba is limited. However, the 

compost that the City of W ' i p e g  produces through its "LeafIt With Us" initiative is 

used as a soil additive because of its apparent nument content. and organic matter 

content, especially usefui in the clay rich soils of the Red River Valley. 

increased organic matter content of the mil; 
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Improved soil structure, increased porosity and decreased bulk density; 
Increased water holding capacity: 
Increased infiltration and penneability of heavy soils; 
Reduced water losses and leaching in sandy soils: 
Increased action exchange capacity and buffering capacity of soils: and 
Control or suppression of some plant pathogens. 

Drmubacks to adding compost to soi& 

Possibilities of iocreased organic and heavy metal contamination: 
Slightly increased electrical conductivity of soils; 
Possible inhibition of seed ge miination with large additions of compost: and 
Hi@ C: N ratios that can immobilize soil nitrogen. 

2.10.1.7 Humates 

There are two types of commercial humates available, mined lignites and 

amrnoniurn humate fertifizer. Mined Lignites have been crushed and pulverized. have low 

water solubility and do not contain sipîficant amounts of N, P or K. Ammonium humate 

fertilizer is soluble and contains available N, P, and K. Lit- suggests that humates 

have little effect on plant growrh and benefits to soil propenies were minimal at best. 

Because of its poor performance in trials and its high cost, it is not recommended for use 

as a soil amendment in Alberta. In contrast. in the United States, the use of humates as a 

soil conditioner although not widespread, does take place. However. there is a lack of 

Iiterature to docurnenting its possible benefits. 

The use of fertilizers is synonymous with revegetation efforts. The soil of 

drastically disturbed land is often characterized by low to non existent organic matter 
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content resulting in a poor cation exchange capacity, an inability to retain moisture and 

nuîrieats. and a lack of a nutrient source. To aid in the estabijshment of new vegetation 

on such nutrient poor sites, the application of fertilizers is considered as a necessary 

component of the process. 

Typically fertilizers are comprised of three "maao" nutrients; nitrosen. 

phosphorous and potassium. Each of these has a specific role in the development and 

maintenance of plants. Nitrogen's role is to provide the building blocks for the 

photosynthetic components of the plant. Potassium plays a role in a plant's ability to 

resistance diseases. Phosphornus is involved in mot development and translocation 

system development. 

When rehabilitating disturbed sites, the first goal is to establish vegetation as 

quickly as possible to provide for the stabilization of the soil. to aid in erosion resisuuice 

and to promote the development of a viable plant community which in nun will lead to 

the development of a viable soil. To this end, fenilizers that promote rapid root 

development and encourage inmaseci photosynthetic capacity are used. 

In addition to the nitrogen phosphorous and potassium, micronutrients are aiso 

imporiant for the establishment of healthy plants and their maintenance. This group of 

elements includes su1 fur. iron, zinc, boron and mol ybdenum. Any well-baianceci fertilizer 

should include both the macronutrients and the rnicronutrients. 

Fertilizers may be applied as either liquid or granular foms  and are available in 

many formulations and as such. customized fertilization programs can be designed 

according to the specific requirements of a particular site. Fedlizers are also available in 
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"otpanic" or naairal form, such as bonexneal, blOOQIIeal or activated sewage sludge. or in 

synthetic foms such as urea or sulfur coated urea ( S m .  Orpanic foms are genedly 

more expensive due to Iimited availability, however their advantage is that they are very 

slow to release and as such will not as d l y  lead to the nitrification of water. Fertilizers 

can also be incorporated in revegetation efforts such as drill seeding or hydroseeding. thus 

saving money while providing required nutrients. 

Drowbacks of FntilUns 

There is an added cost associated with fertilizing. Fertilizers can be bulky and 

difficult to transport and on slopes may simply runon with raidal1 or snow melt, 

possibly leading to contamination of waterways. 

Use of FerîiIi~cm in Revegetation 

Fertilizing native plants is not recommended, as it seems to benefit competing 

weeds more than the intended plant. However, fertilirer is recognized as a requuement 

when using certain soi1 amenciments to develop the organic niatter in a soil. Amendments. 

such as paper mil1 sludges, should be supplemented with high nitrogen content fertilizers 

(Thacker and Macyk 1995). Even when planting trees and s h b s  the use of fertilizer is 

not recomrnended as the seedlings' roots cannot make adequate use of it, and weedy 

vegetation will benefit instead (Lowe et al. 1 992). 

In a project in Great Britain aimed at reclaiming a quarry site and retuniing it to a 

'hatural Daleside". Gunn et al. ( 1992) recommend applying ferîilizers at a level of 

The Revegetafion of Drasticai@ Dismbed Landr 47 



60: 100: 1 O kg pet hectare NPK during the initial phase of g r  establishment and as NP at 

a level of 5050 kg per hectare in a series of care treatments. 

2-12 Biological Sail Inputs 

2.12.1 Nitrogen-Fixing Bacteria 

The ability to fm atmospheric nitrogen into usable fomis such as amrnonia and 

nitrates is essential for plant growth. Nitrogen is fùced in three ways: spontaneously by 

combustion lia-g and photochernical reactions; industrially. when making fertilizers, 

and: biologicaily, by nitrogen-f~g bacteria. The industrial production of nitmgen, which 

constitutes 25% of the fixed nitmgen, is extremely important, especially in the third 

world where population growth is hi& and food production needs are equaily hi*. 

Microbial action accounts for 6û?! of the nimgen fired. Most nirrogen-fixing bacteria 

(Rhizobia) fom synbiotic relarionships with plants such as legurnes, fun@, and 

liverworts. In this relationship the legurninous plants provide bacteria with 

carbohydrates and in r e m  receive nitrogen compounds (Wilde 1958). Rhizobia bacteria 

can be purchased as inoculants in a variety of fonns Including powdered peat. granular, 

and Iiquid form, or as a fiozen concentrate. 

2.12.2 Mycorrhïzal Inoculation 

In the relationship ùivolving mycorrhizal fûngi, the myceliurn of such fungi enters 

or envelops the plant's roots and at times may modiQ the tissues resulting in new 

'Kingus-root" organs known as mycorrhiza (plural: mycorrhizae)(Wilde 1958). This 

alteration has physiological e f fm and permits the munially beneficial exchange of 
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soluble carbohydrates. nutrients. and even growth pmmoting substances between the 

higher and lower plants. 

The practices of mine reclamation and sand and grave1 pit rehabilitation have made 

use of rnycorrhizal inocula to establish successful plant comunit ies  (Ripley 1996, 

Sturges 1997). The benefits of mycorrhizal inoculation have also been recognized by the 

forestry sector, where the inoculation of tree seedlings has become common place 

(Kaczanowski 1998). Mycorrhizae benefit the vegetation by increasuig the plant's 

ability to s w i v e  in a nutrient poor and water deficient environment. Although 

mycorrhizae can occur naîuraily in undisturbed ecosystems, mined sites are chernically, 

physicaily and biologically altered and as such iack the mycorrhizal fun@ population 

required to sustain a viable plant community. 

Five types of rnycorrhizae are recognîzed: ectomycomhizae (ECM), vesicular- 

arbuscular mycorrhizae (VAM), and three others that are species restricted (Encoid, 

Orchid, and ectendomycorrhizae). ECM are common to woody plants and charactenzed 

by a sheath of byphae that surround the plant mot. VAM penetrates the ce11 wdls of the 

plant and fonns arbuscules (used for nutrient transfer) and vesicles (recognized as sites of 

lipid storage) within the mots. VAM is host obligate, while ec tomycorrbe  can exist 

without a plant h o a  but needs one to complete its life cycle. Both ECM and VAM can 

be found on mined sites. but VAM species have been fouad to colonize mine wastes more 

than ECM (Sturges 1997). 

The dissemination of mycorrhizae can occur in ~ v e r a i  ways. Ungeminated 

spores c m  remain dormant in the soi1 for extended periods of the,  thus avoiding 

unfavourable conditions. Water, wind or animals can dis- spores. Spores are also 
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spread fiom infected mots to uninfecteci mts. Because sites of mineral or aggregate 

extraction are c haracteristicall y devoid of vegetative cover and therefore lack m ycorrhizae, 

it may be difficult to establish a rmt system capable of stabilizing soil. maintainhg 

moisture and obtaining nutrients. 

Mining also affects many soil factors. such as pH, fedi ty ,  bulk density. and soi1 

rnoisture. thus reducing the VAM pmpagules in the soil necessary for mycorrhizaI 

dependent plants to thrive (Sturges 1997). 

Sturges (1997) documents several benefits of mycorrhhe on rnined lands. 

Mycorrhizal fùngi act as providm and protectors for plants. For example, nitrogen, 

phosphorus, and potassium are usuaily deficient in mine soils and tailings, but their 

uptake by plants can be increased by the presence of mycorrhuae. The uptake of other 

essential nutrients such as calcium, magnesium, suifiir, iron zinc. duminum. and sodium 

have shown to be increased in the prexnce of mycorrhizai fùngi. High concentrations of 

metals which can be harmful to plants (such as aluminurn, arsenic. barium, boron. 

cadmium. copper, iron, lead, manganese, nickel, seleniun. and zinc), can be filtered to 

tolerable levels by the fungi. Other noted benefits to plants include increasing plant 

homones and acting as a barrier to plant pathogens. Mycorrhizae have also been found 

to alleviate the stress of higher surface temperatures and acidity that mined sites may 

have. Not only can mycorrhizae improve plant growth, but they can provide some 

resistuice to drought and saiinity as well. 

In a study on an abandoneci coal mine site in Palmer, Alaska lofal topsoil was used 

as a mycorrhizal inoculurn and was to show to improve the growth of  balsam poplar and 

alder (Sturges 1997). In Pennsylvania, duel infections of bactcrium and a mycorrhizal 

The Revegeta!ion ofDrmtica& Dikfurbed I;an& 50 



fungus resuited in increased vegetative sucfess in wal wastes sites. Wilde (1 958) States 

that some forest b s ,  such as black locust, also benefit fiom the nitrogen nutrition 

provided by Rhizobi. and as such may require artificial inoculation for successful 

establishment. Wilde (1958) also documents increased vigor and powth rates of trees 

such as red pine when they are inoculated with mycorrhizal fun@. Other studies conclude 

that ectomycorrhizal development was essential for the establishment of seedling of 

several tree species on mine spoils in Pe~sylvania Pine seedlings planted on acid mine 

spoils surviveci and grew better when inoculated with and ectomycorrhizal fungus. 

However. Vogel and Curtis (1 978, as cited by Sturges) suggest that the best approach to 

encourage the revegetaiion of mine spoils may be to provide the moa suitable habitat for 

the naturd succession of soi1 fauna rather than artificially applying these organisms. 

The use of myconSiiza1 propagules have been proposed as a cost efficient long 

term technique to establish vegetation on mùied land (Sturges 1997). Past revegetation 

efforts have used se&, typically grass and legurnes. or transplants of woody species in 

conjunction with fertilization and irrigation. Lowe (1979), and Miller and Macintosh 

(1 987) sugpst t h  in order to provide a source of nitmgen for plant groowth and 

development, seed mixes should include inoculated legtmes. This bas been found to be 

particulariy successful on sandy, infertile sites. Finally, to determine which inocuium and 

techique would be best suited for possible applications, the resources, site and host 

speci ficity, environmental condit ions and t ime commitment available need to be carefbll y 

reviewed and evaiuated. 
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2.13 Establishment Aids 

Plants being established on dimnbed sites are subjected to very difficult 

conditions including temperature extremes, lack of shading, erosion by wind and water, 

and lack of moisture retention ability by the growing medium present. To deal with some 

of these harsh conditions a nmber of materials and approaches can be used to aid 

establishment. These materiais are able to moderate tempetacures. shade the sensitive 

staiks and rw t  systems, provide erosion wntrol and retain moisture. 

The use of mulching is mognlled as an important twl in nvegetaîion efforts and 

is considend essentiai for success in areas that are devoid of topsoil (Miller and 

Macintosh 1987). Mulches corne in the form of bulk organic materials that are spread 

over the ground surface to protect se&, encourage water infiltration and reduce erosion. 

They are aiso used to suppress weeds and improve soi1 moisture around planted stock 

(Coppin and Styles 1995, Schiechtl 1980). Materials used as mulch include sûaw, hay. 

compost. cellulose. wood chippings and 0th- paper fiber material. Mulches are most 

commonly added mechanically afkr an area has been seeded or plants established. 

This method is used both as an aid for establishing nursery stock and as an "after- 

establishment" aid (Marshall 1983, BC Environment 1997). It has been successfùlly used 

in the rehabilitation of d i s ~ r k d  sites in Ontario, particularly in orchards, because of the 

benefits it provides (OMNR 1987). In British Columbia, thick mulches include smw and 

hay, with a thickness of five to ten centimeters king recommended (BC Environment). 
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En Ontario. guidelines for the revegetation of roadsides suggest that mulches can be 

used to "improve the odds of successful revegetation by keeping seeds in place until 

germination can occur". In some siniations, it may be necessary to rd@ the pit surface 

to provide a suitable seed beà for germination. Mulches include -W. shrrdded paper. 

wood chips. matting and slash debris (OMNR 1 987). 

In Great Britain. Gunn et ai. ( 1  992) found that using a mulch rate of 4000 kg of 

peat per hectare for seed establishment provided the best results. 

Advanfïzges 

By using machinery, large areas of land uui be covereû in a relatively short period 

of time. 

Disodvuntages 

The site must be accessible by the machines that are wd to spread the mulch and 

is therefore limited to dopes no steeper than 1 to 1. 

Optimal Performance Cbamcîerrsn'cs o/Muckes 

Rote of decomposition: For revegetation projects using trees and shmbs it is 

important for the protective mulch to remain intact as long as possible. Therefore, any 

material should lasr at lest  two or three seasons x> that the desired plants a n  become 

well established. I f  the material decomposes tw quickly, encroachment by grasses and 

other iess desirable plants would take place. 
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Erosion control abiiiv: Protection fiom erosive forces is important for the 

establishment of plants. If the mulch itself is unabk to resist erosive forces. then it 

cannot provide benefits to the plants king established. 

Weed control pe#i!orrnance: in some situations specitic plant species are desired, 

such as commercially viable tree species. Here, it is important that the plants are 

established quickiy to r e m  the disturbed site to productive land as quickly as possible. 

In other circumnances, it is important that weeds be suppressed in favour of other more 

desirable plants, such as next to agricu1tura.l lands. And lady. cornpetition by weeds is 

known to reduce the successful establishment of desired plants (Lowe 1979. Miller and 

Macintosh 1 987, Hilditch et al. 1 988. Green et al. 1 992, Gerling 1 996. BC Environment 

1997). It is therefore important that the mulch possess the ability to suppress weeds. 

2.13.2 Geotextiles 

Geotextiles are defhed as permeable textiles used in conjunction with soil. 

foundation rock, earth or any geotechnical engineering relaîeà material as an integral part 

of a man-made project (John 1987. as cited in Rickson 1995). They are designed for 

surface erosion control and come in the forms of three-dimensional etosion meshes. 

erosion biankets and mats. or honeycomb-shaped webs known as  geocelis. Occasionall y, 

seed is incorporatecl into the material with this type of product k ing  known as a seed 

mat. 

Geotextiles are made with synthetic and natual materials and come in two types 

that are suitable as establishment aids: 
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1 .  woven meshes, with aperture sizcs of five to f i b  dllimeters. usually as 
jute or coir: and 

2. mulch mats, consisting of  a layer of chopped straw. shredded paper and or 
coir fiber ten to fifteen millirneters thick, retained between two layers of Light 

string or plastic mesh (Rickson 1995). 

These materials are laid over the prepared ground and pegged into place. Seed is 

then broadcast over the top of them to fa11 down within the material, preferably to the 

soi1 surface. The use of these mats requires m o i s  well-pded slopes. On gravel. an 

additional layer of binding material is usually recommended. 

In British Columbia, geotextiles, also known as manufactured mulch mats. are used 

sparingiy becaw of their hi& costs. The hi@ cost of these materials also limits their use 

in Manitoba. however, they are suitable for use on very steep slopes where rapid erosion 

control is required (Pitz pers. cornm. 1 997). 

Advanttlges 

The mats are effective for a long tirne and are resistant to erosion. 

Disadvantages 

The cost of  these materials is very high. Seed mats are recommended for use on 

well-graded sites. 

2.14 Methods Used to Establisb Vegetation 

Although there many methods are used to re-establish vegetation, the goals of the 

revegetation effort remain constant and include: (1 ) emsion control, (2) establishn;,ant of a 
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vegetative cover, and (3) the development of a viable soil that can support a viable plant 

comuni ty .  

The use of a plant or collection of plants as an engineering material for dope 

stabilization and erosion control is known as bioenginemng (Morgan and Rickson 1995). 

Vegetation provides a protective layer or bmer between the atmosphere and the soi1 

(Styczen and Morgan 1995). Figure 2.5 summarizes the engineering role of vegetation. 

BioengYieering acknowledges that the use of vegetation can d u c e  the nsk of failure of 

efforts to achieve s lop  stabilization and a s i o n  control. Generai bioengheering tools 

and approaches include, but are not restricted to: soil amelioration. geotextiles, binders 

and glues. mulches, hyhseedhg, seeding, qwîggiog and plaming woody species in the 

fom of bare mot stock or as container grown stock. The bioengineering techniques 

outlined are the resuit of systematic refinement of traditional stabilization and erosion 

control methods that have evolved over a long tirne. in some cases over centuries (Coppin 

and Styles 1995). The techniques describexi include those lisîed above as well as live 

staking b w h  or braoch layering and live fiscines. 
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3.5: The enghseriog role of vegetation (Styczm and Morgan 1995 after Coppin and 

1990) 

Broadcast seeding involves the application of seed by hand or with a broadcast 

spreader, in dry f o m  over an m a  of exiaing material or over a prepared site. The 

requirements prior to seeding can Vary from minimal gradhg and sloping to more involved 

activities such as scarification and/or the addition of soi1 arnendments and/or topsoil. 

Broadcast seeding is commonly used by Manitoba Department of Highways 

when revegetating roadsides and ditches (Piu pers. comm. 1 997). This technique is used 

by the British Columbia Ministry of Forestry to plant not only grasses and legumes, but 

also a variety of tree species as well (BC Environment 1995). In Alberta and Ontario it is 

recornmended for establishing vegetation such as grasses and legumes as the fint step in 

reducing erosion (Ontario Mini* of Natural Resources (OMNR) 1 98 7. Miller and 

Macintosh 1987. Peel pers. cornm. 1 996). Timing of seeding is also important. with 
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followed by seeding in mid-August to early September (Miller and Macintosh 1987). 

Photo 2.4 provides an example of drill seeding dong the edge of a lake located in the 

center of an extraction site. The trees and shnrbs were planted a f k  the seeding was 

completed. 

A&un&ges 

If the powing medium is consistent, this can be a very enetive way of seeding 

large areas quickly with a hi& rate of success. 

Disadvuan fages 

The requirement for machinery for installation limits the use of this method to 

sites characterized by gentle slopes. d m u m  3: 1. Successful germination depends upon 

proper depth of installation and good growing medium. It has a moderate to hi@ cost 

associated 
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Photo 2.4: An example ofthe resulrs of drill seeding dong the edge of a / d e  lacated in the 
center of an extraction site. The hees and shrubs were pfmred Mer the seeding was 
completed. 

2.14.3 Hydroseeding 

Hydroseeding is the mechanical application of seed and sorne f o m  of 'hiulch" 

mixed into a slurry with water and sprayed under pressure onto a site (Coppin and Styles 

1 995, Schiechtl 1980, Myrowich pers. comrn. 1 996). The mulch component may take 

the form of straw, hay, cellulose, or other fibers such as recycled newsprint. Other 

constituents that may be added to the slurry include fertilizer and adhesives or tackifiers. 

The materiais are mixed together dong with an appropriate amount of water and applied 

using high-pressure spray systems by hose or through a "cannon" apparatus. 

Hydroseeding is one of the most popular methods for re-establishing vegetation 

such as grasses and legumes. It is used specificaily on steep slopes and areas that are 
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susceptible to erosion as it provides rapid vegetative growth and establishment (Canmet 

Report 77-2, OMNR 1987. BC Environment 1995, Kinvig pers. comm. 1996, 1997, 

M yrowich pers. comm. 1 996, Peel pers.. comm. 1 9%). If has been extremel y popula. in 

the United States and is considered an integral component of bioengineerhg approaches 

(Myrowich pers. comm. 1996). Legume and p s s  seeding, in conjunction with 

fertilization, is the recommended method for controlling erosion, with hydroseeding k ing  

the suggested method of application (BC Environment 1 W7). Figure 2.6 provides BC 

Environment's recommendations for the most suitable seeding technique b a s 4  upon 

slope angles. Figure 2.7 provides a cornparison of the relative costs and effectiveness of 

various seeding techniques (BC Environment). 

Amtantkzges 

This method is ex~rernely effective on steep dopes where other methds wouid be 

difficult and more expensive. It provides for rapid revegetation and is therefore effective 

as a fonn of erosion control. 

Disadvantages 

The site must be accessible to the hydroseeding equipment. The use of hoses 

limits the coverage to the lengtb of the hose and the size of the purnpiog unit (its 

honepower). The use of a "cannon" apparatus greatly reduces the range of coverage. 

down to approxirnately 20 meten in any direction (depending on the wind). Seeds 

applied in this way are subject to desiccation and as such require two or t h e  waterings 

in the first 10 to 14 days afier application in order to remain viable. This ensures a higher 
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rate of seed germination. The requirement for irrigation limits the use of hydroseeding to 

areas where water is readily available or when timing of the applications can coincide with 

'wet" seasons to take advantage of precipiîation. Hydroseeding is more expensive than 

standard seeding practices with pnces king  determined by the ingredients king 

incorporated. 

30 
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O 

Per cent 10 25 50 67 100 150 
h t io  

()lorizontaf:VewtitrI) 10:i 4: 1 2:1 1.5:1 111 1:y.S 

Elasai on the bngch-siope -or in the u n m m  soi1 Iws equauon. 
representing relative soi1 loss per unrt area for a 10-rn slope of the same 
soi1 type. 

Note: Mulch shouid be used on iower siope angles man snoiivn when sites 
are sublect to drought. 

Figure 1.6: BC Environment's recommended seeding techniques for di fferent dope angles 
(BC Environment 1997) 

There are a number of critical properties or charactenstics that a effective 

hydroseeding product must possess or display (Myrowich pers. comm. 1 997). 

Therefore, the following criteria are used in the evaluation of hydroseeding matenals: 

Germination Rate: The higher the rate of gexmination that a product can provide. 

the more effective it is. both economicaily and functionally. Germination rates for 

grasses and lepmes of 60 - 70% are considered as acceptable with rates p a t e r  than 

- -- 
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70% being considered exceptional (Weyerhaeuser 1 996, Myrowich pers. corn. .  
1 996). 

Viability of the product: A hydroseedbg material must provide a stable substrate 

for as long a period of tirne as necessary so that seeds can become established 

(Weyerhaeuser 1996. Mid-Canada Hydroseeding 1996). It usually takes about six to 

eight weeks for grasses and legumes to become established and at least a growing 
season to acquire a sufficient 'foothold' to resist erosive forces. Thmfore, the 

hydroseeding product must remain intact and viable for at least eight weeks, but 

preferabl y for at l e s t  the first growing season to ensure thaï plants are well 

established. 

Erosion Protection: Newly established grasses and legumes are vuluerable to 

erosion by wind and min, especially on slopes. It is therefofe important for the 

product to provide and maintain a durable matrix that confoms to the soi], also 
known as a "bonded system" so that erosive forces can be reduced (Mid-Canada 

Hydroseeding 1996). 

Ability to provide weed coatrol: It is important for hydroseeding products to 
help in the establishment of desirrd plant species. To this end the mat formed by the 

product must provide some level of weed control in order to be successful. 

Rate of decomposition: As important as it is for the product applied to provide a 
stable substrate, it is equally important that the material not last so long that it begins 
to impede the propagation of plants. If newly fomed seeds m o t  germinate or 
establish themxlves. or if propagation through shoots or m e r s  cannot take place. 

then the material is not desirable. Therefore. the rate of decomposition of the material 
is important and more than two seasons of endurance would not be desirable as it 
would be@n to impede the natural revegetation process desireci. 
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Effcctiventss' Rtlat ive 
Tnatment 

Beforc M e r  costb 

Hand Broadcasting: seed, fertilizer O 1 -3 

Wet broadcast seediogb O 2-4 

Hydroseeding: seed. fertilizer, bindef 1 4-6 
Hydroseeding: seed, fertilizer, binder, wood 
fiber mulch at 1300 kg/hac 

7 - 5-7 

H ydroseeding : seed, ferîilizer, binder. wood 
fi ber mulch at 2000kg/had 4 6-9 
Hydroseeding: seed, fenilizer, binder, mats 
held with staples or peps' 3 4-1 O 14-249 

" Relative erosion control effectiveness nithg &er application before and &er plant 
establishment: where 1 = minimal, 10 = excellent Mulches and binders provide 
temporary erosion control benefits before plants are established. 

Cost relative to treatmrnt by hand broadcasting. 
For helicopter seeding with 100-200 kg wood fiber mulch to aid application. relative 

cost is 3 to 3.5. 
Minimum mulch application rate for a m e  mulching effect to hold moisnire and 

moderate temperature. 
' Cost cm Vary considerably, depending on the specific mat product and site conditions; 
effectiveness rating assumes g d  mat contact with the ground surface. 

Figure 2.7: Cornparison of relative costs and ef3ectiveness of various seeding techniques 
(BC Envuonment 1 997). 

2.14.4 Dry Mulch Seeding 

This method is a variation on other seeding methods such as broadcast seeding. A 

heavy application of mulch is applied afier seeding. Tackifiers or binden can be used to 

keep the maîerial in place. Dry mulching is routinely used for tree and shmb seeding 

either after seeding or when using fine seeds, as a bed so as not to smother the seeds 

(Coppin and Styles 1 995, Schiechtl 1980). 
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A&fva?tIOga 

This is an easy method of applying mulches, with the proper equipment. The 

mulch provides protection for the seeds agahst desiccation. 

DIradvantuges 

Dry mulches are subject to wind and water erosion and may not perform well on 

dopes without tackifiers or binders, which increases the cost of the method. 

2.14.5 Trees and Shmbs 

The use of trees and shrubs is one of the most popuiar methods for re-establishing 

vegetation on disturbed sites. It is an approach thaï is usually part of a series of steps 

that work toward the development of a viable and self-sustaining plant cornmunity and 

usually follows the establishment of a p u n d  cover of grasses and lepmes (Marshall 

1982, OMNR 1987). When the desired end use of an exhaustexi aggregate site is forestry, 

then trees can be planted direcrl y into the existing materiais using economicall y valuable 

species (Lowe 1979. Miller and Macintosh 1 987. Hilditch et al. 1988. Green et al. 1 992, 

Gerling 1996. BC Environment 1 997). To ensure long tenn compatibility with the 

sunoundhg land uses, white spruce, Jackpine and Redpine have beni planted (Miller and 

Macintosh 1987). if the desired end use is as wildlife habitat. then the use of shmbs in 

addition to ûees is recornrnended (Lowe 1979, Miller and Macintosh 1987, Hilditch et al. 

1 988, Green et al. 1992. Gerling 1 996, BC Environment 1997). 

Trials conducted by Ontario Department of N a d  Resources. aimed at 

increasing the biodiversity of revegetated pits, found that mixed plantings of native trees. 
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s h b s  and psses  (also kwwn as "imerplant.ingn) can aid in wced control (Browning 

1993). PIants. such as black locust, were found to provide cornpetition control. wind 

protection and to increase soi1 nitmgen levels. 

In Ontario, the recommended planîing techniques for trees include hand planting 

and machine planting (Hilditch et al. 1988). Spring planthg is found to be more 

successful than fall planting, but either is acceptable. The control of weeds and 

competing p s s  shouid take place for the fvst three or four years as part of a maintenance 

plan. A buffer zone of at least 0.5 meters fiom the stem is considered best. Fertilization 

of seedlings is not remmmended kfore or during planting, as it seems to benefit weeds 

more than the desired plants. However, fertilization after four or five years of 

establishment is recommendeâ, with a focus on meeting nuaient deficiencies (Lowe 1979, 

Miller and Macintosh 1987). Suitable shnibs for planting in Northern Ontario are found 

in Appendix 1. 

Trees and shrubs used for revegetation are typically available in the following 

foms: 

Container grown stock; 
Plugs; 

Bdledmdburlapped(B&B);and 
Bare root stock. 

2.14.5.1 Container Grown Stock 

This refm to plants that have been grown in plastic or paper containers. These 

plants can be planted at any tirne of the year with linle disturbance to the roots. The 
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variety of plants is great with native spcies king readily available (Coppin and Styles 

1 995. Schiechtl 1980). 

Advantages 

The planrs are subjected to a minimal amount of transplant shock as the entire soi1 

ball within the container is instdled. As long as the plants are imgaîed regularly while in 

the container they can be stored indefinitely, or at least until "potbound" (this is the 

condition where the roots of the plant become conf'uied by the site of the pot and begin 

to grow in a circle dong the inside edge of the container). This fom of plant material is 

convenient to transport. 

Disadvantages 

The size of the pot detennines the size of the hole required to accommodate the 

plant's mot ball. Therefore, in areas where digging is difficult. such as those characterized 

by heavy clays or large aggregate size, installation cm be tirne consuming and labour 

intensive. The cost of plants grown by this method is hi@. 

2.14.5.2 Plugs 

This is a variation on container grown plants with seedlings raised in m i d l  

containers or tubes. At present, this is the method of preference for replanting harvested 

areas in foresûy and is known as silviculture. The mon fkquently used material are 

plugs in the form of either m e s  or shnibs grown in plastic trays for approximately two 

years (Schiechtl 1980). 
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in Alberta, it is reconimended that tree plugs be at least two years old (Green et al. 

1992, Gerling et al. 1996). In areas where grasses or forbes have previously been planted 

i t may be necessary to use older trees or shrub plugs as it is known that the thick stand of 

grasses can out compte the small tree or shnib. Cornpetition h m  @asses can be reduced 

through the use of native grass species and by seeding them at the lowest rate that is 

required to provide some erosion contml. It is recommended that gras be kept at luin 

0.5 meters fiom tree stems to reduce competition (Green et al. 1992). However. it is 

recommended tbat gras seediag should be avoided when possible (Gerling et ai. 1996). 

Aban&ges 

By using plugs there is liale shock to the plant associated with transplanting and 

as a result. sunival rates are hi&. Numemus tree species are available in this fonn. 

Instailation is quick and easy with the potential for hundreds being planted in a day by 

one individual, depmding upon terrain. 

Distrdvan fages 

The initial cost to grow plants in this fom is hi@. The factor with the grratest 

affect on success rates is planting technique. 

2.14.53 Bailed and Buriappeâ ( M B )  

Plants that corne in this fonn are field grown then moved (transplanted) with the 

soi! kept intact and around the roots as a root bal1 by using burlap as the container. On 

occasion the plant may be placed into a plastic or paper container for transport. 
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Adtam#kzgcs 

The plant receives protection fiom the burlap and can therefore be maintained 

throm irrigation and a mulch cover for extended periods of time. The plant should be a 

small enough size so as to minimize transplant shock and to provide for ease of planting. 

Disodvantages 

Because the plant is field grown, transplant shock does occur and removd of the 

specimen from its gmwing site can resuit in maihanid damage of the mot system. The 

size of the hole must be large ewugh to accommodate the entire mot bal1 to d u c e  

transplant shock. Adequate irrigation is required after plant installation as tfie mots are 

susceptible to desiccation. Cos of this method of planting is high due to the initial coa  

of the product. It is also labour intensive and requires a peater amount of maintenance 

than other methods. 

2.14.5.4 Bare Root Stock 

Raising young plants in a nursery and transplanting hem on site with bare roots is 

the most cornmon method used for woody species (Coppin and Styles 19s;). Plants are 

usually grown in a media such as a mulch or a mil-less mix, then, at the end of a growing 

season and when in dormancy. they are placed in cold storage until required the next 

spnng. The timing and care of this type of plant material is important as the roots are 

subject to desiccation (Schiechtl 1980). 
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Ahun-es 

Because of the mal1 size of the plants instailation is relatively simple and many 

plants can be installed in a day. The planting site does not require a great atnount of 

disturbance to accommodate the srnall mot system. 

Dkadvantuges 

The susceptibility of the mots to desiccation requires that care mua be taken 

during transport and installation. If the mots are ailowed to dry out at any point, even 

for a few minutes, damage to the plant can be extensive. Not d l  root systems are small 

and therefore installation of specific plant species may be labour intensive. The condition 

and composition of the planting medium directly affects the mte and quality of the 

installation. If  heavy clays or large aggregate size c h m e  the site, then instatlation 

can be t h e  consuming and labour intensive. Planting on slopes is âiffïcult. 

2.14.5.5 Cuttiags 

The use of this propagation rnethod is restricted to those species that root k l y  

fiom live wood. The cuttings c m  be used to produce bare-rooted plants. container grown 

or tube stock for planting on site, or can be planted directly on site to root in situ (Coppin 

and Styles 1 995). Species such as willow and poplar are most widely planted by this 

method. 

While the use of hardwood planting is becorning more widely accepted in British 

Columbia, the use of unrooted willow cuttings has had poor success (BC Environment 
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1997). However, the use of hardwod planting as pioneer species is recopized as a 

useful approach in rehabilitation efforts. 

Aalantkagcs 

The plants are easy to grow under the proper conditions and require little input. 

This is a very inexpensive way of propagating plants and cuttings can be kept in 

dorniancy untii needed. 

Discrdvantages 

The variety of plants is somewhat limited to t h o r  that easily propagate h m  

cuttings. A constant amount of moi- is requireâ for successfùi establishment. 

2.14.5.6 Live Staking 

1/2 to 1 1/2 inches in diameter and 3 foot long live stakes are pianted in the p u n d  

to a depth of 2-3 feet and in a triangular pattern witb 2-3 feet of spacing. The stakes are 

either pounded into the gromd or inserted into a hole created by a planting bar. Live 

sraking requires access to vegetation that is suitable for live cut and transport techniques. 

This technique has been used to stabilize slopes dong n v m  (Bobrowski 1997). 

This technique is quick and easy, as holes do not need to be excavated to receive 

the plant material. Local materials that are suitable can keep the cost of matends and 

installation to a minimum. 

The Revegefation ofDrc1~1iculiy Disturbed Lands 7 1 



Disaàvantuges 

A project by the California Department of Parks and Recreation showed the 

susceptibility of live staking techniques to washout Native willow stakes were planted 

dong a riverbank with a 2: 1 slope gradient. Unfortuoatel y, large rallifall events caused 

loss of the stakes before root establishmmt took place, showing the importance of having 

proper knowledge of the l o d  vegetation and the local climate conditions for the required 

establishment perîod (Bobrowski 1 997). 

2.14.5.7 Bmsh L a y e ~ g  

Brush layering involves the use of cuttings 1 /2 to 1 1 /2 inches in diameter and 2-5 

feet long. These cuttings are laid in a trench and covered with soil so that they are 

approxirnately six to twelve inches below the surface. For successfiil application. it is 

recommended that a variety of plant species be used. dong with an adequate amount of 

soil (Schiechtl 1 980). 

Advuntages 

The use of native plants in the fom of cuttings makes this a desirable form of 

revege tati on. 

D&udvantages 

This is a labour intensive method of revegetation and therefore may be expensive. 
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2.14.5.8 Livt Fascines 

Live fascines (also known as dope fascine or brush wattles) are used to mitigate 

shallow eanh slides and gully erosion by increasing root a m  to positively affect shear 

slope strength (Schiechtl 1980). Trenches are dug perpendicular to the slope and b u d e s  

of plants are grown in them. This method was used successfiilly in a Northem Virghia 

project to stabilize earthen mouds dong the meanders of a river. Slopes of 3: 1 were 

stabilized using live vegetation cuttings of native willows (WU: sp.). red osier dogwood 

(Corms stolonijera)), elderberry (Sonrbucus canadensis). bl wbeny ( Vacciniwn 

corymbosom) and strawberry bush (Eonymous americanus) (Bobrowski 1 997). 

Ah,un&zges 

This method has proven to be very effective in establishing vegetation on slopes 

prone to erosion. 

Disadvantages 

This is a labour intensive method of revegetation and therefore may be expensive. 

Turves is plurd for turf and is also known as sod (Webster 1965). Grass and 

herbaceous vegetation can be grown as turves for transplanting on site. Turves can be cut 

fiom natural p u n d  or grown in "artificial" soils (Coppin and Styles 1995). 
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Advanhzges 

This is a very quick method of establishing vegetation. 

Disadvantages 

This is a very expensive and labour intensive method. 

The revegetation of drastically dishubed lands requires the application of a 

number of disciplines and speciaities. Engineering, agmnomics and horticulture are the 

main influences and a combined approach can lead to successful revegetation efforts. 

Literature suggests that there are two basic approaches that can be taken in 

revegetating drastically disturbed sites devoid of topsoil or organic matter. they are: 

1. Allow natural succession to take place. This entails the establishment of 

pioneer plant species on sites iacking any topsoil or organic matter. With tirne, 

stabilization of the soi1 by mot systems reduces erosion, the development of a 

thin organic layer takes place a result of decomposition, which in turn will 

encourage establishment by other plants and eventdly leads to a climax 

conimunity 

OR 

2. Give plant succession a "kickstart". Provide inputs. to what ever degree is 

necessary based on the desired goal for the disturbed site. inputs can be as simple 

as drill seeding with grasses and legurnes, providing fmilizers to aid establishment. 

etc. Once a vegetative cover bas been established. M e r  inputs can then be made 

to encourage desired species to grow, such as pulp wood tree species or n a h m  can 

be left done to take its course. 
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The determinhg factors that influence the rate at which succession wiil proceed 

are clirnate and site conditions. Climate cannot be changed; however. some of the harsh 

conditions present may be rnitiped. Soi1 amrndments can be used to provide fertility or 

change the pH. Contaminants in the soi1 can be removed or the soil rernediated. The 

severity of slopes can be reduced. erosion control devices can be used to prevent fivther 

loss of materials and enhance revegetative efforts. The d e p  of inputs is determined by 

economics, availability of resources, ac-s to the site and societal aud environmental 

sipificance of the disturbed site. 

Successful rewegetation efforts should include site clean up, and grading and 

contouring. The intended end use for the site should be identified as eady in the 

extraction andor development process as possible, thm tailoring of the strategies and 

techniques to rneet the intended goals shodd take place. 

With a viable soil king absent, the revegetation approaches should begin with the 

addition of soil amendments such as fertilizers or manures ?O provide the conditions that 

are required to support plants. Establishment aids such as mulches and geotextiles can 

help plants become established. ïhe technique of bioengineering, which inteptes the use 

of piants with engineering approaches. is very comrnon practice throughout the world. 

Revegetation techniques include hydroseeding, drill seeding and innalling trees and/or 

shrubs as appropriate. Inoculating plants andlor soils with nitmgen fixing organisms or 

mycorrhizal fùngi are other techniques that can aid in the establishment of plants on 

hostile sites. 

When selecting plants. the use of native species is preferred over non-native 

species. Native plants have adapted to their ecozones and are more tolerant of adverse 
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conditions than are non-dve plants. This appmach can also encourage the process of 

natural succession. Depending upon the deslied goals of the revegetative effort, the 

maintenance of plants after the period of establishment is considered as a requirement of 

the process and not as an option. 

in summary, when choosing the most appropriate approach to revegetate a 

drasrically disturbed site. the process should consider. but not be limited to the following: 

( 1 ) end use goal for the site. (2) tirnelines for the completion of the tehabilitation process, 

(3) identification of the necessary inputs and associateci costs, (4) accessibility to the site. 

(5) availability of appropriate rnaferials, including plants. ameliorants etc., and (6) long 

term maintenance requirements and costs. 

The choice of the approach, that is whether to allow nanval succession to take 

place without inputs or whether to intervme and provide inputs to "kicksta~" the 

successional process, cm be more easily made when the points above have been 

thoroughiy considered. 
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3.0 Preface 

The nature of this practicum was such that it required a field wmponent to 

achieve the majority of the objectives. The first phase of the practicum, the review of 

l i t e r a ~ ,  appears in the previous chapter. This chapter bomws fiom the l i t e r m  

reviewed to identim appropriate techniques and meuiods for evaluating the techniques 

chosen for field trials. and to identify the appropriate criteria to evaluate the performance 

of the techniques. The methodology for this pmject required that: suitable sites for the 

trials be identified, appropriate plot design take place, pmducts be identified for 

consideration and evduation, suitable plant materials be alected. and methods and criteria 

be developed to evaluate the physical perfomance of the plants in reoponse to the 

treatrnents applied. These ne& were met by using the findings of the literature review? 

and with input h m  ecologists and revegetation practitioners as well as the Practicum 

Cornmittee. The needs of the MMF Program were also considered during the process. 

3.1 Selection of Strategies and Techniques for Field Trials 

The fim step selecting the strategies and techniques for evaluation by 

experimentai field îrials was to compile a list of techniques that had been or were 

currently king practiced in revegetating disturbed lands. This list was cornpiled in 

consideration of the l iterature reviewed incl uding case studies. and throm consultations 

with individuals involved in the revegetation of drasticaily disturbed sites. To narrow the 

list of possible techniques king considered. a set of criteria were identified for use in the 
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selection process. These criteria were used to assess the techniques for their appticability 

in Manitoba and to provide practid coasiderations. The criteria were as follows: 

( 1 ) Installation cost of the technique; 

(2) Post installation maintenance requirements and costs (short tenn); 

(3) The ability of any plants and/or products king considered to cope with 

Manitoba (prairie) climatic conditions; and 

(4) The sustainability of the strategy or technique, specifically: source reliability. 

compatibility with future uses and long term maintenance requirements and costs. 

As a result of applying the describeci criteria above. the following techniques were 

selected for field evaluaîion: 

1. Hydroseeding technique and associateci products; and 

3. Evaluation of a paper miIl sludge as a protective mdch for established plant 

material. 

Hydroseeding was selected for the following fessons: 

It was relatively inexpensive (approximately â.50 - â 1.50 per square foot 

dependmg on inputs such as tackifiers. fertilizers and seed rnixîures); 

Post instailation inputs and costs were minimal (watering may be required): 

It has been successfully used in a variety of climatic conditions, h m  desert to 

alpine. as well as in other Prairie Provinces and northem climates. It is 

recommended for use on sites characterized by extreme slopes and gradients. 

It provides flexibility in that a variety of seed materials can be used. including 

commercial (non-native) and native seed mixes, and even seeds of tree species: 

Product sources are extensive, and the use of paper mil1 biosolids would 

promote the reuse of waste materials; and 

Long terni maintenance inputs and costs are negligible. 
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The paper mil1 sludge as protective mulches for tree and s h b  plantings was 

selected because: 

1. The cost of installing seedlings can be relatively low, depending upon planting 

conditions; 

2. Plaating of seedlings usually takes place in the spring or fa11 to take advantage 

of precipitation patterns, therefore post installation inputs and costs are Iow. 

Once the mulch is applied, it does not require any fuNre inputs; 

3. Plants that are native and therefore climatized, cm be used: and 

4. A source of paper miIl sludge was available and would be remain so for the 

foreseeable fûture. 

3.2 Site Selection for Field Trials 

It was decided h m  the outset of the project that field trials should take place at 

appropriate bomw pits within the MME in this way the techniques could be evaluated 

for use in Manitoba and the MMF area and under the conditions of the prairie climate. 

The criteria used to select the sites were: 

The sand or grave1 pit. or area within the pit to be used for the criais. bad been 

sloped and @ng and as per the policies and guidelines of the Province of 

Manitoba, Deparhnent of Energy and Mines. 

There was linle or no topsoil or organic matter present: and 

Litîie or no revegerative growth had taken place on the field trial area of the 

site. 

To meet the needs of the MMF the majority of the triais were to take place 

within the bouodaries of the MMF, with at least one site selected thai would not be open 

to public access. Crown Lands are open to public access and as such the experimental 
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plots would be minerable to vandaiism, which if occurred, would result in the loss of 

important data and time. 

With this in mind and with input from Mr. Stan Kaczanowski, Redonal Forester. 

Manitoba Naturai Resources and MMF representative. and Mr. Brian Bailey, 

Rehabilitation Specialist. Manitoba Energy and Mines, and the application of the criteria 

listed above, the foliowing four sites were selected as locatioos for field trials: 

Site 1 :  BirdsHill 
Site 2: Stead Sand Pit 
Site 3 : MMF Grave1 Site 
Site 4: Blurnenort Site. 

The location of the sites appears in Figure 3.1, Locations of Field Trials. 
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Figure 3.1: Locations of Field Trials 
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3.3 Description of the Field Evduatioa Sites 

The four sites that were identified by the selection criteria process were: 

( 1 )  Site 1: Birds Hiii. Site 2: Stead Sand Pit, Site 3: MMF Grave1 Site. and Site 4: 

Blumenort Site. 

Site 4, the Blurnenort Site was abandowd in July of 1996 because of severe 

erosion and loss of plants during a mid-summer storm. Data collected was limited and 

inconclusive. The decision to abandon the site was supported by the Practicum 

Cornmittee. 

Site 1: Birds Hill: 

This gravel exîraction pit is located on the southwest side of the Provincial 

Highway No. 59-Red River floodway bridge. This site has been in existence for more 

than 20 years (Bailey pers. cornm. 1996). The portion of the site that was used is no& 

facing and characterized by a mix of clay and silt materiais, a dope of 1 : 1. and severe 

nlling. The material present is vny coarse being composeci of gravel fiom one to ten 

centimeten in diameter. with many field stones disperseci h o u @  out. Due to the 

extrernely difficult growing conditions linle or no revegetation has taken place on the site. 

See Photograph 3.1 and Site diagram. Figure 3.2. 
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Photo 3.1 : Site I .  Bir& Hill. (Photo: June 1997) The mea that w a ~  heated (on Mcry I 7th. 
1996) is fiom the base of the hydro strucrure. down the dope approximareiy 10 meters (30 
feet). approxirnately I O  meters (30 feer) wide and appears as a faint tan patch. 
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Figure 3.2: Site 1, Birds HU Diagram 

Site 1 : Birds Hill 
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The Revegetation of Drastically Dis~trrbed Lon& 84 



Site 2: Steiid Sand Pit: 

This site is located on Crown land within the Belair Provincial Forest and the 

Manitoba Mode1 Forest Program are* approximatel y 90 kilometers north-northeast of 

Winnipeg. Manitoba and approximately t h e  kilometers northeast of the community of 

Stead. This is a s W o w  sand borrow pit, approximaîely two to three meters in depth and 

covering approximately 8 acres (3.0 hectares). Now abandoned, this was the source of 

sand for the construction of Provincial Highway 304. The no* east and West sides have 

dope gradients of 2: 1 while the fourth side, the south side (facing north). has a dope of 

1 : 1 .  The trials were located in the south West corner of the pit. They begin on the north 

facing side, r u  approxirnately 70 meters ( 2 0  feet) to the corner. then around the corner 

t include part of the east facing side for approximately 30 metm (1 00 feet). The local 

water îable has been exposed on the south side of the pit as  is evident by the presence of 

water9 even at the height of surnrner (Photo 3.2 and Figure 3.3). 
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Photo 3.2: Site 2, Sread Sand fit. (Photo: May, 1996). The area usedfor the trials is in the 
far le) corner of the pir, bordering the water 's edge. II begins on the no& facing side, mns 
approximateiy 70 meters (200 feer) rhen rounds the corner ro inchde part of the east facing 
side for approximately 30 meters (1 00 feet) 
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Figure 33: Site 2, Stmd Sand Pit 

Site 2: Stead Souid Pit IV- 

Access -~oads - 

The Revegetation o/Drarticai& Dkhubed Londr 87 



Site 3: MMF Gravel Site: 

This is an active sand and grave1 pit and is aiso Iocated on Crown land within the 

Belair Forest and Manitoba Mode1 Forest Program areas. It is approxirnately 100 

kilometers no&-northeast of Winnipeg, Manitoba and approxirnately ten kilometers 

northeast of the community of Stead. The materials fiom this pit were alço used in the 

construction of Provincial Highway 304. The field trials were located on the most 

southerly end of  the pit and face no&. There is a 3: 1 slope gradient and the materials are 

dominated by sand with smali amounts of grave1 and clay mixed in. There is linle rilling 

present (Figure 3.4) (Photo 3.3) 

Photo 3.3: Site 3. MMF Gravel Site. (Photo: May. 1 996) The phmograph w m  raken facing 
norrhward. The trials were Iocared ar the base of the photograph, in an ureafiee of 
vegetative gro wzh. 
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Figure 3.4: Site 3, MMF Gnvel Site. 

Site 3: MMF Grave1 Site 
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3.4 Evatuation of the Stntegies and Techniques tbrough Field Triais 

To evaiuate each of the selected strategies and techniques. appropriate field trial 

methods were idmtified and implernented. The design and installation of the field trials, 

as well as monitoring methods and data collection techniques were based upon the 

literature reviewed and consultations conducteci (Ziemkiewicz 1984, Armstrong pers. 

c o r n .  1 996. Schroeder pers. cornm. 1 996). Input fiom Ms. Llwellyn Armstrong of the 

University of Manitoba's Statistical Advisory Service and Mr. Bill Schroeder. Assistant 

Head of the Investigation Section for PFRA was used to determineci the number of 

repetitions required to ensure natistical significance. Mr. Schroeder also provided 

assistance in the design of the trial plots. 

Cntena were aiso identifieci to evaluate the two techniques that were selected for 

field trials. The criteria provided for an evaluation of the physical prfonnance of the 

strategy or technique king tested and an evaluation of the eEectiveness of the technique 

to support the revegetation process desired. 

Results were subjected to appropriate statisticai analysis with the assistance and 

advice of Ms. Llwellyn Armstrong and M.. Bill Schroeder. 

3.4.1 Field Trials 
The two techniques selected for field trial evaluation were (1) hydroseeding and 

(2) the Pine Falls Paper Company mil1 sludge as a pmtective mulch for established plant 

material. Because these techniques were quite different h m  each other, they were 

evaluated in different ways. The specific method of evaluarion for each technique is 

described in Parts One and Two that follow. 
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3.4.1.1 Part One: Evduation of tbc Hydrosecding Technique: 

The use of hydroseeding as a technique in revegetating drastically disturhed lands 

is limited in Manitoba. This is partially be due to a lack of regdatory requirement to 

rehabilitate these sites and secondly, it is related to the fact that earlier hydroseeding 

products were inf&or and did not perfonn well in our climate (Myrowich pers. comm. 

1996). However, in ment  years new products that perfôrm better in the prairie climate 

have become available. As well. the Province of Manitoba's cornmitment to the 

sustainable development of natural resources encourages the development and application 

of new techniques for the =habilitation of such sites (Bailey pers. comm. 1997). 

Hydroseeding Treatment Descriptions 

The evaiuation of the hydroseeding technique took placr at the following sites: 

Site 1 : Birds Hill. Site 2: Stead Sand Pit, and Site 3: MMF Stead Site. 

The specific location of the various treatrnents tested at each of  the field trial sites 

appear on the site d i a p m s  (see Figures 3 .2,3.3 and 3.4). A description of the 

hydroseeding treatments, the associated products and the plant mixtures used appears in 

Tabfe 3.1. " S m a r y  of the hydroseeding treatments tested at each site." 
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Table 3.1: Summay of  the hydroseeding tnrtments testd  at #eh site. 
- -- - -- - 

Location 
Site I : Birds Hill 

Site 2: Stead sand pit 

Site 3 : MMF grave1 site 

Treatmen t Applied 

Mat inc. Soil ~ u a r d ~ ,  tackifier, red clover and annual 
rye gras. 

Treatment 1 : Ma?, Inc. Soil G d T M ,  tackïfier and 
Pickseed Canada h c . 3  "Custom Forage Mixture" 

(8% common cinquefoil. 8% white clover, IOo! peteDaial ryegrass. 
20% commoa bromegass. 20% creepbg red fescue. 100/a rangeland 
filfa 24% @king iCentucky blwgrass) 

Treatrnent 2: Canfor's EcoaegisTM and Pickseed Canada 
inc.'s "Custom Forage Mixture". 

Treaîment 3: C d o r ' s  EcofiberTM and Pickseed Canada 
hc.'s "Custom Fomge Mixture". 

Treatrnent 1 : Mat hc. Soil ~ u a r d ~ ~ ,  r d  clover and 
annuai rye grass. 

Treatment 2: PFPC baseci hydro mulch, red clover and 
annual rye grass. 

Treatment 3: PFPC based hydro mulch with Jackpine 
( P i m  banhiana) d 

The site 1 treatrnents were applied by hand-held hose apparatus. The seed 

mixture used at Site 1. Bird's Hill, is a standard mix used by hydroseeding companies for 

use in southern Manitoba. 

The use of the standard commercial mixture at Site 2, Stead Sand Pit. was pnor to 

the realization that non-native plant varieties may be inadvertently introduced into a 

fores ecosystem. At this site. the treatment was applied both by canon apparatus and 

hand-held hose as conditions required. 

The seed mixture used at Site 3. MMF Gmvel site, was specifically chosen as it 

was a non-invasive, annuai plant species that would not have a detrimentai impact on the 

forest ecosystem. Tackifiers are materials that provide the hydroseeding mulch with tbe 

ability to adhere to the suif8ce k ing  revegeîated. in this c a ~ .  the tackifier was quar gurn, 
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a nanual plant derivative that decomposes over tirne, long a f k  the plants have 

established themselva. Dyes are used as a visual aid to ensure the optimal coverage of an 

area with the hydroseeding materials. The treatxnents were applied using a hand-held 

hose apparatus. 

The seed used at the Site 2. Stead Sand pit was presoaked in water for 24 hours 

prior to use. The intention was to stimulate the seed to gexminate quickly with the hope 

that it would then establish quickly (Myrowich pers. conim. 1996). Photos 3.4. 3.5. 3.6, 

3.7 and 3.8 show the methods used to apply of the different treaûnents as well as close- 

ups of the various hydroseeding treatrnents at the various locations. 
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Photo 3.4: Hydroseeding rreutments applied az Site 2, Steaâ Sand Piz. The treatments fiont 
lep to right are: Treatment 1: Mat, Inc. Soil G u a r c  tacwer and Pickseed Canada hc.  S 
"Cusrom Forage Mkture" (green dye. 60th le9 and righr); Treatntent 2: Canfor's 
~ c o a e ~ i s ' ~  and Pickseed Canada Inc. 's "Custon Forage Mixture" (yellow dye); Treatmenr 
3: Canfor 's ~co#be?~and Picheed Canada Inc. 's "Custom Forage Mature" (brown dye, 
jî-om position of the hydroseeder to the green on the right). 

Photo 3.5: Treatment 1: MatI Inc. Soil ~ u m d M .  rackijier and Pickseed Canada I.c. 's 
"Custom Forage Mixture". Appears as the green &e. 
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Photo 3.6: Treatment 2: Canfor 3 E C O ~ ~ @ . . ~ ~  md Pifkreed Canada Inc. 's "Custom Forage 
Mùture ". Yellow dye. 

Photo 3.7: Trearnient 3: Canfor k E C O @ ~ ~ # ~  and Picheed Canada Inc. 's "Custom Forage 
Mixrure ". Brown &e. 
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Photo 3.8: Site 3: MMF Grave1 Site. Appiymg Treatment 3, PFPC based hydre mulch with 
Jackpine (Pinus banksiana) seed The same technique was used to appiy the Treatmenr 2, 
PFPC based hydro mulch. red clover and annual T e  grass ar the Stead smd pif site. 

Evaluating the Performance of the Hydroseeding Products 

The evaluation of the performance of the hydroseeding products included taking 

field notes and photographs during inspections. In addition, the following set of 

"subjective" cnteria were used in the evaiuation process, as per the practice of the 

hydroseeding industry (Myrowich, pers. Comm., 1 996): 

The ability of the product to remain intact and viable; 

The approximate degree of weed control provided; and 

The estimated rate of germination (when applicable). 

Because the criteria used to evaluate the performance of the hydroseeding 

products were subjective in nature, statistical tests were not perforrned on the data 

collected in this part of the project. 
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3.4.1.2 Part Two: Evdoation of a Paper Mill Studge as r protective mulch for 

esta blishd plant matend. 

The practice of pianting trees and shrubs in existing soi1 conditions and then 

protecting them with a layer of organic mulch is a comrnonly used and highly successful 

technique outside of Manitoba. This approach is fkequently utilized in the revegetation 

of sand and grave1 pits (Miller and Macintosh 1987, Coppin and Styles 1995, Schiechtl 

1980). The source of organic mulch for this part of the trials came in the form of the 

paper miIl sludge h m  the Pine Falls Paper Company (PFPC) located within the MMF 

area. 

In June 1996, the Pine Falls Paper Company (PFPC) began to produce a biosolid, 

a product of its new waste treament plant. This material, also known as papa sludge, 

could serve as a source of organic mulch. The sludge used for this pmject originated h m  

the processing of raw t hbe r  only and as such. contained no recycled fibers. Although 

literature showed that paper mil1 sludges have been utilized as soi1 arnendments in other 

j urisdictions. its use as a protective mulch was limited. and its use as a component of a 

hydroseeding slurry was not documented (Thacker and Macyk 1995). It was therefore 

decided that it would be appropriate to evaluate the sludge as a protective mulch for 

established plants (rather than as a soi1 amendment) and also as a component of a 

hydroseeding slurry. Laboratory andysis of the paper sludge was required as a tirst step. 

The results of the analysis appear in Appendix 2. 

Therefore, Part Two of the field trials was designed to evaluate: (1) the potential 

of PFPC paper sludge as a protective mulch for established plants: and (2) the 
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performance response of a variety of native plant species to the treattnents. The trials 

were located at Site 3: MMF Grave1 Site. located within the MMF area. 

3.4.2 Tree and Shmb Field Trial Plot Design 

Trees and shmbs were establistied in the existing soi1 and then protected by a 

variety of treatments. The trraunents that tested. were (1) application of the PFPC 

sludge as a mulch (as it arrived h m  the mill): (2) use of the PFPC sludge as the fiber 

component of a hydroseeding slurry, applied as a "'hydro-mulch"; and (3) a conwl, 

where no mulch was applied. 

The trials consisted of the three treatments each with twenty eight (28) 1 .O rneter 

x 1.8 meter plots per treatment. for a total of eighty four (84) plots. Each plot was 

cleared of any existing vegetation by hanâ then five plants of each species were planted 

within each plot. Figure 3 5, Trial Plot Layout for the Evaluation of the PFPC Sludge as a 

Protective Mulch illustrates how the plots appeared. To ensure statistical rigor. four 

replications of each plant species took place within each treatment Twenty (20) plants 

were installed per -ment. for a total of sixty (60) plants pet species at each of the two 

field sites. nie total number of plants installed per treaîment was n = 140, for a total 

number of plants installed per site king n = 420. Posting stakes on the perimeter of the 

plots and stretching mine to mate a matrix delineated individuai repetitions, or plots. 

Flagging tape was used to identiQ the separation between the two treatrnent types and 

the control, as well as to draw attention to the presence of the plots in the hope that 

casual users of the pits would avoid them and thus not cause damage to them. 
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Figure 3.5: Tris1 Plot Liyout for the Evaluation of the PFPC Sludge as a Protective 
Mulch 

Hawthorn 

Acute 

White 

spnrce 
Buffalo- 
bew 

Acute 
Wdlow Jackpine Rose 

White 
spnice 

Buffalo- 
b e w  J ac kpine Rose Hawthorn 

White 
S puce 

Acute 
Wdow Rose Dogwood Hawthorn 

White 
SPU 

Acute 
Wiow Dogwood Hawthorn Jackpine 

[ within individual Plots 1 
Layout of Treatments in Field Trials 

I 1 

Hydromulch Control Dv Mulch 

'x" Lndicates location of plant within the plot. 
Superscript indicates plant number. 
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3.5 Selection of Plants 

Appropriate plant species needed to be xlected to evaluate the identified 

techniques and straîegies. Literatwe suggested that native plants should be used in 

revegetative efforts whenevver possible (BC Environment 1997, Gerling et al. 1996, Pitz 

pers. comrn. 1997. Browning pers. cornm. 1 996, 1 997, Ge- 1 986, Kinvig pers. comm. 

1 996, 1 997. Andrews and Kinsrnan 1990, Gunn et a!. 1992). The use of grasses and 

lepnes  was given initial consideration, however. only introduced, non-native species 

were available at the t h e  of the first field s w o n  (spring 1996). To avoid the 

introduction of a non-native plant species into the ecosystems of the study areas, the use 

of commercial mixes was rejected. Wark (pers. c o r n .  1996) suggested that the grass 

varieties used by DUC wouid also not be appropriate for use in the MMF, as they are 

short and taIl g*iss prairie species, not b o d  fores species. This opinion was echoed by 

Dr. David f unter (pers. comm. 1996)(University of Manitoba), and Dr. Jennifer Shay 

@ers. conun. 1996XUniversity of Manitoba). The collection of seed fiom the local area 

was considered however, this was not within the scope of the project and was therefore 

rejected. Funher discussions led to the decision that native herbiiceous plant species and 

native tree species would be the most appropriate choice for the trials. 

Recognizing that there are a number of potmtial end uses for disturbed sites. 

including fore*. recreation and wildlife habitat. a variety of plants were identified for 

evaluation. Input h m  revegetation experts, the Practicum Cornmittee and findings h m  

the literature review were used to create the following list of cnteria to select appropriate 

plant species for use in the trials: 
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1. The plants should be native to the boreal forest ecozone found in the MMF 

and Manitoba: 

2. The tree species should be commercially valuable to the MMF region and 

Manitoba as a whole; 

3. To encourage successioa plants that are known as colonizers ancilor nitmgen 

fixers should be useû when possible: and 

4. Species that could be used as a food source by wildlife shouId be selected, when 

possible. 

By applying the above criteria and with additional input h m  Dr. Howe, Mr. 

Schroeder. and Mr. Kaczanowski. the following trees and shmbs were selected for the 

experimental field triais. 

Acuîe willow, Sala ucutifolia. 

Buffaloberry (soapberry), Shepherdia ~rgenlia; 

Dogwood, Cormts stolonifera ; 

Hawthoni, Crat~egus anioldi~nu. 

Jackpine, Pims banksiano ; 

White spruce, Picea gIauca : and 

Wild rose, Rosa sp. 

The Jackpine (Pims  bankrionn) and White spnice (Picea glauca). were supplied 

by Pine Tree Nursery, Haddishville. Manitoba, with the remaining plants being supplied 

by PFRA Nursery, indian Head. Saskatchewan. The acute willow came in the form of 

domant cunings (approximately ten centimeters long), the remainder of the plant material 

came in the f o m  of bare root stock. The PFRA material was one year old. The 

Haddishville stock was two yean old, having k e n  originally grown in "cells" for two 

seasons, then kept in cold storage as bare mot material until medeci. 
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3.5.1 Instailatioa and Maintenance of tbe Phots 

The techniques uJed to instaîl and establish the plant materials are well described 

in literam and are an accepted practice of experts in the revegetation field (Howe pers. 

comm. 1996. Schroeder pers. comm. 1996). The plants were kept in cold storage until 

installation. Al1 the plants were installai by hand. To prevent desiccation of the mots 

during installation. the plants were kept out of the wincî, kept shaded and in a pail of 

water. Plants were watered imediately after installation, then every two to three days 

for approximately six weeks until enablished, at which time the protective mulches were 

applied. During the establishment period, w a d  control involved physical removai by 

hand as required. To aid the establishment of the plants, a fading of fertilizer, 14 - 4 - 

12, at a rate of 1 .O0 pound of nitrogen per 1000 square f- was provided at installation 

@rior to the f m  w a t e ~ g ) .  Photograph 3.9 provides a visual documentation of the plant 

installation process. 
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Photo 3.9: Insrafïing p/ants af Site 3, MMF Gravel Site. 

3.6 Description of the Protedive Mulch Treatments 

A surnmary of the protective mulch treatments tested at each of the sites appears 

in Table 3.2. A photographie documentation of the process of applying the treatments 

appears in Photos 3.10. 

Table 3.2: Summary of the Protective Mulch treatments tested at each of the sites. 

Treatment 3: (Hydro mulch) Established plant material 
with PFPC sludge used as the base for a 
protective layer of 'hydromuIch'. 

Location 

Site 3: MMF Gravel Site 

-- 
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Treatment Applied 
Treatment 1: (Control) Established plant material with no 

protective mulch. 

Treatment 2: (Dry mulch) Established plant material witb 

dry PFPC paper sludge as a protective mulch. 



Photo 3.1 0: Sire 3, MUF Mu/ch/Tree and S h b  EvaIztation Lcryout. In the forepuund 
(fiom the first orange flagged s t a k  to the second, lighr grey colouraiion) is the hydromulch 
treatment; next is the control (appearing as a gap of white); jirrrhest awuy, the dark 
brown/'y parch, is the dry rnuich rreatment. 

3.6.1 Application of the Mulch Treatments 

Once the plants were well established and the PFPC paper sludge was available. 

the dry mulch and hydromulch treatments were applied. This took place on July 1 8th 

and 1 9th, 1996 respectively. Watering of  the plants was discontinued and weeding of the 

piots was done only once in mid-August 1996. It was fiom this point on that the 

performance of the paper sludge as a protective cover for established plants was king 

evaluated and therefore no M e r  inputs or maintenance were provided. The dry mulch 

was applied to the surface and around the established plants using wheelbarrows and 

spreading it with rakes to a unifonn thickness of eight to ten centirneters. Mr. Mark 

M yro wic h of Mid-Canada Hydroseeding Limiteci, a professional hydroseedng Company, 

applied the hydromulch using a hydroseeding machine. 
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Photo 3.1 1 : The sludge QS ir arrived frDm rhe PFPC mil/. 

Photo 3.12: Installing the d v  rnulch ut the M F  site. 
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Photo 3.13: A close-up of the dry mulch king instailed at the MMF site. 

- -2 7 - . . -.-- -, - -.- ..,.--- --- - 

Phoro 3.14: AppSing the hydromulch ut the MMF site wirh o hydroseediig machine. 
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Photo 3-15: Close-up of the hydromulch aper insrallarion is complete- 

3.6.2 Evaluation of paper miIl sludge performance as a mulch 

Because of the loss of the Blumenort site, the evaluation of the paper mil1 sludge 

as a protective mdch is based entirely upon the results of the field trials located at Site 3. 

the Stead Grave1 site. 

Monitoring of the field trials came in two foms: "walk over" surveys and plant 

quality assesment data collection. Visits took place approximately every ten days 

during the two growing seasons ( 1  996 and 1997). Data collection included field notes and 

photographs. The purpose of the "walk ove? sweys was to document erosion. to 

monitor invasion by undesireci plants (weeds), to document the performance of the 

various treatments and to evaluate and document performance of the plants. 



Two criteria were used to evaiuate the e f f a  of the mulches on plant performance: 

( 1 )  over-wintering success rates, and (2) o v d l  plant quality. These two evaluation 

criteria are an accepteci method of measuring or evaluating trearment e f f m  on plant 

performance (Howe pers. comm. 1996, Schroedet pers. Comm. 1996). The quality 

assessment of the plants took place in June 1997. 

3.6.2.1 Over-wintering Sacces Rates 

The fïrst criterion used to evaiuate the-effects of the treatments on plant 

performance was that of the over-wintering success rate or mortaiity. To deterrnine the 

over-winte~g success rate, a taily of the total number of plants that were viable was 

taken in the eariy fd of 1996, while the deciduous plants still retained their leaves. In the 

spriog of 1997, d e r  leaves emerged and new growth was observed on the &fers, 

another tally was taken. The results were used to determine the percentage of plants that 

survived the winter. also known as the over-wintering success rate. 

3.6.2.2 Evaluating Phnt Quality 

The seçond criterion used to evaiuate the effects of the mulches on plant 

performance involved an assessment of overall plant quality. The plants at the MMF 

Stead site were assessed for overall quality using the cnteria that appear in Table 3.3, 

Plant Quality Ranking and Assessrnent Criteria. These criteria were an adaptation of 

those often d in the evaiuation of similar techniques (Kennedy 1984, LaMn et al. 

1993). 
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Table 33: Plant Qudity R ~ b g  .ad Assessrnent Criteria 

Rank 

Good Health 

Very G d  Health 

No dead leaves on entire stem. 

Branches fiil1 and developed. 

New p w t h  evident. 

Description 

AU leaves exhibit good colour ami rigor. 

Branches fidl and normally developed. 

New growth exhibiteci. 

Superior spimen 

1 2 1 Moderate Health ( 25 % or less dead leava on entire stem. 1 

Cri teria 

I 1  I Poor Heaith 1 75% or grrater âead leaves on entire stem 1 
(Adapted h m  Kennedy 1984, Latson et. al. 1993) 

The assesment of plant quality took place in lune 1997, approximately one year 

&er the insiailation of the plant materials and af€er the deciduous plants had fully 

developed their leaves and the conifers showed new growth (as indicated by the 

development of candles). 

The average plant quaiity for each species within the control and muich trements 

was then caiculated using the following method (See example, Figure 3.6). 

(1) Al1 the plants were evaluated using the plant quality evaluatian criteria as 

appears in Table 3.2; 

(2) Step @: For each species. the average plant quality ranking of the viable 

plants in each of the repetitions. within each treatment, was calculated. 

Step @: The mrage pfmr quaIity value for each species, within each treatment 

was then calculatecl. 



Figure 3.6: Eumple of Cilculating average plant qudty. 

Stead Site 

"X" represents the absence of a plant and therefore no available data. 

Rawthorn 
m 

O 

Statistical tests were prrforrned to deten-e whether or oot the diffemce in 

plant quality between the matments was significant. The tests included an Analysis of 

Variance (ANOVA), T-test and F-test. A s u m m q  of these tests is found in Appendix 

3, with a summaiy of the findings appearing in the next chapter. 
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Chapter 4 Revegetation lkials 

4.0 Introductioa 

Nmerous techniques and strategies involved in the revegetation of drastically 

disturbed lands were considerrd for evaluation. Alîhough it was apparent that in 

Manitoba some techniques have been practiced to a pater extent than others. i t was 

equally evident that the evaiuation of any of the techniques identifiai wodd be unique 

and valuable. In Manitoba, the revegetation of exhausted borrow pits and q d e s  is not a 

statutory or regdatory requirement and these sites need only be appropriately sloped and 

gradeci when being decommissioned (Baiiey, pers. comm. 1996.) As a result, there haF 

been a limited opportunity to evaiuate the performance of many nvegetation techniques 

or strategies. 

The techniques of (1 ) hydroseediag, and (2) using a papa mil1 sludge as protective 

mulches for tree and shmb plantings were select& for evaiuation by field trials. The 

results of the trials appear in this chapter. 

4.1 Results of the Rwegetation Trials 

4.1.1 Part 1 : The Hydroseeding Tnatments 

Site 1: Birds Hiil 

The only source of water was precipitation and it was lîmited in the fim growing 

season ( 1  996) and normal in the second growing season (1997) (Environment Canada 

1998). 
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The abifity of the p r h c t  to remain intact and viable. 

The Soil ~ u a r d ~  hydroseeding material was observeci to wash off of the "'crestsW 

of the nlls and accumulate in the bottom of the rills. Afkr two growing seasons, 19% 

and 1997, the accumulated maîerials were observed to be intact and misting erosive 

forces. There was Little emsion of the aggregate beneath the hydroseeding materiais 

obmed.  

Approximate &gree of weed comol provided. 

Undesired plants (weeds) were not seen to be growing through the Soil ~ u a r d ~  

product, oniy dong its exposed edges. 

The estimuted gemtination rate. 

The germination rate was estimated to be appmximately SV/. and confhed to the 

bottom of the rills. Dlaing the remainder of the first growing season (1996) it was found 

that the seeds that had germinated earlier had developed into viable plants. A visit one 

year later (June 1 997) found that up to 8% of what had germinated in 1 996 was stil1 

growing and additional volunteer plant species were observed. 

Site 2: Stead Sand Pit 

Precipitation was an absent for the first three weeks that followed the applications. 

Below normal precipitation was recordeci for the remainder of the f i  growing season 

(Environment Canada 1998). Presoaking of the seed prior to it king applied to the site 

had taken place. 
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The abifity of the p r h c r  to remain intact and viable. 

Al1 t h e  treatments Mat, loc. Soi1 ~ u a r d ~ ~ ,  Canfor's ~ c o a e g i s ~ ~ ,  and Canfor's 

~ c o f i b e r ~ ~  performed equally weU. Durhg the 1996 growing season they dl remained 

intact and viable with no erosion of the aggregate beneath king notified. A site visit one 

year after instailation, in June 1 997, found that al1 the niaterials had begun to break down 

(decompose). 

Approximaîe &gree of weed contdprovirled 

No weed growth was obsemed in either p w i n g  season (1996 and 1997) in any of 

the treatxnents. 

The esrimated genninuîion rate. 

No germination of the seeâ applied was observeci in any of the treatments. 

Site 3: MMF Gmvel Site 

Recorded precipitation w s  below normal the first year ( 1  996) and normal the 

second year (1 997) (Environment Canada 1 998). 

Treatment 1 ,  Mat Inc. Soi1 ~uard? 

The abiIity of t k  prodicf to remain intact and viable. - 

The product adhercd very well to the surface, remaineci intact and viable with little 

or no erosion observeci. 

Approximate degree of weed controf provided. 

There was a lack of weed growth during the nuo p w i n g  seasom, 19% and 1997. 
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The estimated germination rate. 

Germination rates of approximately 60-80% were recorded on tbe Soil ~ u a r d ~  

product. The higher germination rate (8W) was confined to the bottom of the rills. The 

lower rate (60%) took place on the crests and flatter parts of the slope. Both red clover 

and annuai rye grasses were present during the entire fim growing season. Red clover 

was persistent in the second season, the annuai rye gras was absent (1 997)(Pboto 4.1, 

Treatment 1 .  Soil Guard). The product was applied xithout any dyes. It adhered very 

well with some lirnited erosion observed in the rills. Germination was in the 60-80% 

range. 

Photo 4.1: Treatment 1,  Soi/ Guard The product was applied without any dves. II adhered 
very weii and resisted erosion, except in the rifis. Germination was in the 60-80% range. 

- 
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Treatment 2, PFPC based hydro mulch: 

* The abilîîy of the pr&ct io remain intact and viable. 

It was found that as the PFPC materiai dried. it shrank into ''patties", but did 

remain in place. These paîties were approximately ten to twenty centimeters across with 

gaps of one to three centimeters in between tbern. Otherwise, the material adhered well 

appearing to mold itself to the contours of the surface. There was no discernible erosion 

of the treatment ares obxrved in the fvst year (1 9%) and a ümited amount was recurded 

in the second year (1997). Overall, the product remaineci intact and viable. 

Approximaîe degree of weed co#ol provided. 

Weed growth during the fÙsî two growing Kason was minimal, with coverage 

estimated to be l e s  than 1 û?!% in the fun growing year (1 996) and approxllnately 10 to 

20% in the second year ( 1  997). It appeared that volunteer plants were only able to 

establish themselves within the gaps between the paîties. not through the patties 

themselves. 

The estimated gemiMrion rate. 

A ge nniaation rate of 40-80% was recorded. The higher rate (8W) was observed 

in the bottom of the riiis and the lower rate (60%) was observed on the crests of the rills 

and on the flatter areas of the treatment site. Al1 of the genninated niateriai died off 

within tbm to five weeks in 1996 (Photo 4.2. Treaunent Two, PFPC baseci hydro 

mulch). 



Photo 4.2: Treatment Two, PFPC based hydro mulch. This treament exhibited excellent 
adherence to the surface and a corresponding resistance [O erosion, as welf as a 60-80% 
germination rate and a resistance to weed infetation. 

Treatment 3: Jackpine Seed in PFPC based hydro mulch: 

The ability of the producr to rernain intact and viable. 

As in the previous treatment, it was observed that as the PFPC material dried. it 

shrank into patties". but did remain in place. The patties were approximately ten to 

twenty centimeters across with gaps of one to three centimeters in between them. The 

material adhered well appearing to rnold itself to the contours of the surface. There was 

no obvious erosion of the treatment ara observed in the first year (1996) with a limited 

amount observed in the second year (1997). The product remained intact and viable. 
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Approximate &pee of weed connol proviûkd. 

There was litile weed gmwth observed in the fim growing season. with wverage 

estimated to be less than 100/o in the fust growing year (1996) and approximately 10 to 

20% in the second year ( 1  997). It was only within the gaps between the 'panies" that 

undesired plants were able to establish themselves. 

The esti l l~~ted genninution rate. 

No gemwiation of the Jackpine seed was obsewed to taLe place. 

4.1.2 P i f i  Two: Evilirtion of i Piper MW Sludge as i protective mulcb 

Part Two was designed to evaiuate: (1) the potential of PFPC paper sludge as a 

protective mulch for established plants: and (2) the performance response of a variety of 

native plant species to the treatments. 

The effect that the mulches had on plant performance were evaluated by 

measuring the following: (1 ) over-wintering success rates of the plants. and (2) overall 

plant quality. Both the over-wintering counts and the assessrnent of overall plant quality 

were conducted in June 1997. 

4.1.2.1 Over-wintering Success Rates 

The first criterion used to evaluate the effects of the rnulch treatments on plant 

performance was that of the over-wintering success rate or mortality. Table 4.1, Over- 

wintering Success Rates, provides a surnmary of the observed results. A descriptive of 

the observations is included in the table follows. 
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Table 4.1: Owr-wintenng Succcss Rates 

S pecies I Viable plants I Viable Plants Survivd Rate (%) 

Hawthorn 
Craraegus 

arnoldiana 

D0gW-d 
Cornus 

stolonifira 

White Spruce 
, Picea glauca 

Acute Willow 
, Salix acutifolia 

Buffaloberry 
Shepherdia 

argentia . 
Rose 

Rosa sp. 
I 

Jickpine 
Pinus banhiana 

From Table 4.1, it can be seen that for al1 species and under al1 treabnents the 

survivd rates ranged h m  94% to 10W. except for the conml matment of the 

buffalobemy in which only 88V0 of the plants in the control swived.  Total survival rates 

for al1 treatrnents, including the control, were excellent. The anomaiy in the results is the 

number of acute willow that were stiIl dive in the fa11 of 1996. The willow did not 

establish well, with only four specimens being available to test the effects of the mulch 

treamients. This fact is reiterated in the results of the plant quality evaiuatioa that 

follows. It shouid be noted that from the point at which the application of the treatments 

was made, which was a f k  the plants had become established, no 0th- plants wen! lost. 
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The results suggest that the treatments had linle to no efféct on the ability of the plants 

to over-winter. 

4.1.2.2 Assessrnent of Plant Quality 

The resuits of the asxssrnent appear in Table 4.2. A Summary of the Average 

Plant Quality Values for MMF Stead Site. To facilitate a cornparison of the performance 

of the quality of the plants between species as related to treatments, the average plant 

quality values were arranged in descendhg order. The treahnent with the plants evaluated 

with the highea plant quality ranking appears fim, and the treatment with those plants 

with the lowest plant quality ranking appears last The resuits of this process appear in 

Table 4.3, Ranking of Treatments. 

Table 4.2: A Summa y of the Average P h t  Qudty Values for MMF Stead Site 

1 plant nime ( Treatment 1 

1 Rose 1 3.43 2.25 3.35 1 

Hawthorn 

Dogwood 

White Spruce 

Acute Willow 

I I 
- -  - - 

Jack pine 3.15 1 -99 1.93 

Hydromulch Control D y  mulch 

3.35 2.27 2.18 

3.87 2.08 3 20  

3.35 1.90 2.60 
1 

3.88 1.69 3 .O0 
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Table 43: Ibnking of  Trcritmtnts (basai upon overrll plant performance). 

Plant 
Hawthom 

Dogwood 

White S p m e  

Acute Wiiiow 

Buffalobeny 

Rose 

Jac kpine 

hoking of  Treatmtnts 
(hm highest assesse- quality to lowest) 

H y h m u l c h  (3.3 5) Control(2.27) Dry mulch (2.18) 

Hydromulc h (3.87) Dry mulch (3 2 0 )  ControI (2.08) 

Hydromukh (3.3 5) Dry mulch (2.60) Control(l.90) 

Hydromulch (3.88) Dry mulch (3.00) Control (1.69) 

Hydromulch(2.78) Dryrnulch(2.26) Control(l.60) 

Hydromulch (3.43) D y  mulch (3.35) Control(3.25) 

Hydrornuich (3.15) Controi (1 3 9 )  Dry mulch (1.93) 

From Tables 4.2 and 4.3, it can be seen that the nighest quality plants for al1 

species were those associated with the hydromulch treaûnent. The plant quality of the 

hydromulch treatment ranged fiom a low of 2.78 (buffaloberry) to a high of 3.88 (acute 

willow ). The rnost striking difference between the treatments was in the size of the 

plants. In some cases growth by the hydromuiched plants was observed to be double 

that of those in the dry and control treatments and was characterized by extensive 

branching and large, dark green leaves in the deciduous species, and extensive leader 

growth and needle production in the coniferous species. The plants in the hyâmmulch 

treatment were h m  2% (dogwood) to 200% (rose) larger than those in the control 

treatrnent. The plants of me remahing species in the hydromulch m e n t  were 

observed to be between 20% and 100% larger than those in the conîrol. When cornparine 

the plants in the hydromulch versus those in the dry mulch, it is seen that those in the 

fonner treatment ranged h m  having no discernible size ciifference (Jackpine), to being 

100% larger (rose). Chlorosis was absent in the plants of the hydmmulch treatxnent. 
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The quality of the plants in the dry mulch ranged fiom a low of 1.93 (Jackpine) to 

a high of 3.35 (rose). Five of the species produced better qudity plants in the dry mulch 

treatment versus those in the conml, with hawthorn and Iackpine king the exceptions. 

New growth was also observed on the plants of the dry mulch ueaûnent. The plants of 

the dry mulch treatments exhibited excellent colour versus the plants in the control. Some 

chlorosis was exhibited on the plants of the dry mulch treatment however this was 

limited to four or five plants and was not associated with any one species in particular. 

The plants in the control had plant quality values as low as 1.60 (buffaloberry) to 

a high of 2-27 (hawthom). The plants in the control were observed to be smaller than 

those of the mulch treatments, they exhibited chlorosis and were devoid of substantial 

vegetation. Photographs 4.3,4.4 and 4.5 provide a visual account of the performance of 

the plants in the various treatxnents. 

Iack of chlorosis and high vigor. They scored highest in the evaluation. 



Photo 4.4: Control Treatmenr p l m  condilion. The photograph cleariy s h o w d e  poor 
condition of these plants, especiaflv when compmed to the orher treannents. The-v exhibired 
chlorosis, had very littfe new growth und poor foliar development. 

Photo 4.5: Dry Mulch Treatment plant condition. These plmu were very vigorour, 
exhibited new growth. and did not exhibit chlorosis. Their quality was not as high as those O/ 

the hydromulch. but they did outperfom the control. The vegetution in the righr hund 
corner of the plot is actualiy un injstation of weeds thut were thriving in the uccumufared 
mulch thar had washed down by ruinfull. 
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Statistical tests were p e n o d  to detennine whether or not the difference in 

plant quality between the treatments was significant. The tests included an Analysis of 

Variance (ANOVA), T-test and F-test @>/= .05). A summary of these tests is found in 

the Appendix 3, with a summary of the fmdings appearing in Table 4.4, Statisticd 

Sipificance Berneen Treaûnents. 

Table 4.4: Stitistiml Significance Bttwtcn Treatmtnb 

Statistical Signifieance between Treatmeats 
(as determined by t-test) 

Plant Hydra vs. Control Hydro v a  Diy Dry vs. Control 
Hawthom Yes Yes no 

- - 

no* no* 

Table 4.4 FxpIunaiion 

yes: There is a statistically significant difference betwem variances of the treatnients 

compared. 

no: There is a lack of statisticai di fierence between variances of the treatments 

compared. 

a yes/no: There is a sîatistical difference between variances, however it is 'marginal". 

no*: Low sarnple size,  resulr may be inconclusive. 
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in general, the findings of the statistical analysis support the observations and 

conclusions offered that is that the plants in the hydromulch treatment are of beaer 

quaiity than those of the control treatmmt. The diffemice between the hydromulch and 

the dry mulch is statistically significant in four of the sevm species and the difference 

between the dry mulch and the control is sîatistically signifiant in only three of the seven 

species. The overail conclusion is that the plants in the hydromulch treatment benefited 

fkom the treatment versus those that received no tleatment (control), with l e s  difference 

between the dry and hydro mulches and les again between the dry and control 

treatrnents. 

The overall pdonnance of the seven species wed in the field trials is summarized 

in Table 4.5, Species Performance Summary. 
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Tabk 4.5: Spccks Performance Summa y 

Plant 
Hawthorn 
Crataegus 
arno Idiana 

White Spruce 
Picea glauca 

Performance 
Performed best in the hydromulch m e n t  (3.35 ranking). 
Plants of the hydromulch treatment exhibited excellent new leaf and 
branch developmenî, and no chlorosis observeci. 
Plants in the control (2.27) p&onned better versus those of the d y  

-- - - - 

Plants in the hydromuich treatment perfonned the best (3.87). 
Large leafj. stems and branches, and an absence of chlorosis 
characterized these plants. 
Plants of the dry mulch were of very good q d t y  (3.02), however 
they showed less new growth as compared to the hyhmulched 
plants. 
The plants of the control exhibiting poorest quality (2.08), with 
growth confined to the original stalk and leaves king of smalls 
sizes. 
Peifomed best in the hydromulch treatment, with a deep dark green 
colouration, substantive leader growth (up to 6 cms), and good 
lateral growth of brancha (up to 5 ans). 
Plants of the dry mulch had good growth of leaders (up to 4 ans)  
and lateral branches (up to 2.5 cms). 
Chlorosis was absent. 
Specirnens of the control treamient ranged h m  poor to moderate 
health, averaging a 1.90 value. 
The plants in the control were characterind by chlorosis in al1 
specimens, a lack of laterai growth (maximum observecl 1.5 cms) 
ad litile leader growth (m&imum obierved 2 cms). 
The plants in the hydromulch treatment perCoimed best (3.88). 
Thcy had excellent new branching, averaging 15 ems for longest 
branches, to a maximum of 40 cms, and no chlomsis. 
The plants in the dry mulch treament fairecl well(3.00) with 
maximum lateral giowth reaching 24 fms, chlorosis was absent. 
The control plants were very chlorotic, showed little new growth, 
and if it did occur averaged 10 cms. 
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Buffdoberry 
(soapberry) 
Shep herdia 

argen fia 

Rose 
Rosa sp. 

- -- 

J ac kpine 
Pinus 

banksiana 

Performed best in the hydromulch treatment (2.78), however the 
dry rnukhed plants also had goad pe&ormance (2.26). 
New growth in the hydromulched plants reached 10 cms, and no 
chlorosis was observed. 
The plants of the mulch treatsnent showed smaller leaves and 
shorter branch lengths, however no chiorosis was observed. 
The control veatment (1.60) produceci the poorest plants of al1 the 
species. They exhibited chiorosis, had paor leafdevelopment and 
little mwth of the branches (less than 5 cms) 
Perforrned best in the hydromulch matment (3.43) 
This plant perforxneâ extremely well developing maximum branch 
lengths of up to 40 cms in many specimens and green, lush leaves 
with no chlorosis detected. (Branching resuited in large "bushes" 
by season' s end). 
The plants of the dry mulch perfonned alxnost as well as those of 
the hydromulch ranking 3.35, they exhibited many of the 
characteristics as those of the hydmmulch treatment. 
The control plants did not perform as well as those that were 
mulched (2.25), which is aimost an entire rankmg Iowa than those 
of the muiches. 
These plants exhibiteti poor leaf and branch development and were 
chlorotic, 
The plants in the hydromulch treatment were characterizai by da& 
green neadles, excellent leader development (averaging 4.5 cms, with 
a maximum of 7.5 cms) and g d  lateral growth (averaging 4.5 cm).  
The plants in the dry mulch did less well (1.93), with many 
exhibithg "browning off  and poor leader &velopmmt (averaging 
4.5 cm), however, chiorosis was not evident. 
The conml treatrnent plants perforxned as well as those in the dry 
mulch size-wise, however these did exhibit c hlorosis. 
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4.3 Otbcr obsccvations at tbe MMF G n v c l  Site 

The hydromulch treatment area showed Little surface erosion as evidenced by a 

lack of rilling and downward rnovernent of mulch and aggrrgate materials during the 1996 

and 1997 growing seasons. Erosive forces were able to carry sand materials onto the 

treatment area nom an area upslope of the plots, however, there was little aaaspon of 

the materials observeci boüi within and h m  the treatment area downslope. 

The hydromulch area showed little infestauon by weeds. The maximum amount 

of infestation over the two growing seasons (1 9%. 1997) was approximately 10% by the 

end of 1997 (October). Weeds were only able to establish themselves within the cracks 

and crevices that had formed as the hydromdch dried into "patties". This comparecf to 

the dry mulch treatment which had up to approximately 50% of the arerr covered by 

weeds in the 1 996 and 1997 seasons, and up to 1000%~ coverage by the end of 1997 

(October). The contra1 had weed coverage of up to approximately 1W h 1996 and 

1997. 

The dry mulch appeared to support the establishment of weeds, with up to 1W!% 

ground coverage observeci by the end of the 1997 p w i n g  season. Even an area where a 

srnall amount of the sludge was spiiled during its installation was soon overgrown by 

volunteer plants. 
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Photo 4.6: A close-up 
while drying, was able 
weed barrier. 

of the hydromulch. The mat thar was fonned, aithough broken up 
ro m a i n  intact and provide protection f iom erosion and act as a 

4.4 Post Study Monitoring 

Objective Five of this project requires that guidelines for "pst-study" monitoring 

and analysis of the field trials be developed. The techniques chosen, ( 1 )  the hydroseeding 

and ( 2 )  performance of the PFPC and a protective mulch, were evaluated in a very 

rudimentary way. This was a reflection of the time and cost limitations associated with 

the project. Where tirne and money less of a concerrq then a more extensive evaluation of 

the techniques could take place. The following section describes possible long term, posf- 

study monitoring techniques. 
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hfessionals who use hydroseeding as a revegetation technique evaluate existing 

and potential products on a number of performance characteristics. They are: ( 1 ) the 

ability of the product to remain intact and viable; (2) the approximate degree of weed 

control provided; and (3) the estimated rate of g d n a t i o n  (when applicable) (Mpwich  

pers. comm. 1996). 

Therefore, for long tenn monitoring and analysis the following criteria should be 

used to evaluaîed hydmseeding products: 

(1) The rate of decomposition should be monitoreû, witb a desired breakdown of the 

produa beghhg in the first growing season and the product rernaining viable long 

enough for the desired plants to becorne establishi. Breakdown or decomposition of the 

product should take place in the second or third growing season to promote nanual 

regeneration. Monitoring could be done through photographs, videos and a progressive 

series of lab analysis of the material to detemine its rate of decomposition. 

(2) Detemine the product's ability to provide erosion control by monitoring the rate of 

soi1 los  from the plots. The monitoring program would rernain in place as long as the 

product remained viable. Photographie evidence of material movement could be used. 

Erosion research plots that collect the soi1 that nuis off couid be conswcted to quanti@ 

the arnount of erosion taking place (La1 1994). 

(3) The arnount of weed control provided by the products could be more accurately 

detemineci by calculhg the percentage cover using a grid or quadrat system. The rate 

and speed of the natural revegetative process that takes place could be determined and 

how the product impacts on this pmcess could be observeci. 
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(4) The identification and documentation of the plant species tbat establish themdves 

should rake place. The pioneer and ruderal species involved in the naturai succession 

pattern could k identified for each of the sites. Future revegetation efforts could then 

consider the use of these species, possibly enhancing the plant succession process. 

(5) An analysis of the soi1 could be undertaken to monitor the biological and chernicd 

composition changes that take place over tirne. An anempt a. providing the optimal 

chernical and biological conditions required that support the rapid regeneration of plants 

could theo be made, enbancing revegetation efforts. 

4.4.2 Post Study Eviloatioa of the Pedormance of the PFPC Malch 

Criteria to maure the effectiveness of the mulch should be designed based upon 

plant performance. 

( 1 ) Measuring Plant Performance: To masure the performance of plants the following 

criteria could be considered: Overall plant vigor (Kennedy 1984, Larson et d.. 1993); 

biomass production (Schroeder pers. comrn. 1 996, 1 997); growth rates as determined by 

total height, leader growth or diameter breast height (dbh) (Adamson 1 984, Keenan pers. 

corn .  1 997); and mortaiity rates, including over-wintering success (Keenan pers. comm. 

1 997; Schroeder pers. cornm. 1996, 1 997: Staniforth pers. comm. 19%). 

(2) Ability of the mdch to resist erosion: It is the important for a mulcb to m a i n  intact 

around des id  plants for the period during which they are establishing themselves which 

is at lest one gmwing season. Thetefore, an evaluation of the ability of any mulch ta 

resist erosion should be part of the monitoring program. This monitoring codd be as 
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simple as using field notes and photographs, or as sophisticated as setting up mps to 

capture the amount of rnuich lost to wind and water erosion (Lal1994). 

(3) Weed suppression: The ability to suppress weeds cari be monitored Wugh field 

notes. photographs and quadrat evaluations. The frequency of monitoring should 

correspond with the weed's growing season for the region. This would be spring (June) 

and fa11 (September) in the MMF region. 

(4) Identifjing the Successional Process: Given that the gaal of this project is to identify 

techniques that may enhance or serve to "kickstart" plant succession on drastidly 

disturbed sites, identifyin8 and documenthg the plant species that encroach on the site of 

the trials wodd be a good beginning. This could be accomplished by conducting plant 

surveys of the area on a seasonal bais, using field notes, photographs' and a quadrat 

evaluation, easily done because of the design of the plots. In addition, the volunteer 

plants that had begun to establish themselves on the dry mulch plots could be identified 

and recorded. Parameters such as diversity of plants, rate of invasion and identification of 

successful species shouid be considered. 

(5) Soi1 and Mulch Analysis: Monitoring the types and levels of soi1 nutrients present 

as the mulch decomposes would k helpful as the mulch itself may be providing nutrients 

as it breaks down. Long-term analytical tests could serve to detennine whether or not 

this is occurring, or if there is some other chernical component of the mulch or the soil 

providing benefit to the plants. 

(6) Plant tissue Analysis: In conjunction with the soil and mulch anaiysis, plant tissue 

analysis could be performed to monitor the changes in health and structure of the plants 

over time. This type of analytical evaluation may serve to identify the substances or 
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nutrients that are providing a benefit to the plants and wtKtbcr these substances originate 

with the rnulch or the soil. 

(7) A general comparison between sites: A comparison of the revegetation rates of the 

treatment plot versus that of the smunding landscape would be helpful. This would 

serve to establish if the inputs of the trials had any influence at al1 on the revegetation 

effort. i.e. would revegetation take place anyway? 

The long rem monitoring of the field trials may be limited to Part Two of this 

project becaw the hydroseeding materials will have decomposed within two to four 

years. The duration of the effects of the mulch on the trees and s h b s  could be 

detemiined tbrough long terni monitoring. Such a pogram shouid continue to be based 

upon the evaluation of plant vigor within the treatments, but could aiso be expanded to 

include parameters such as biomass production, growth rates as detemiined by total 

height, leader growth or diameter breast height (dbh), and mortaiity rates, including over- 

wintering success. Analytical testing of the =il, mulch and plants could help determine 

whether the mulch has any chernical or biological effect on the plants, and in hirn, their 

performance. 
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Chapter 5 Condusions and Recommendations 

5.0 Introduction 

This project originated with the Manitoba Model Forest Program (MMF) which 

identified drastically disturbed lands, such as sand and grave1 pits, as sites which require 

revegetation in order to provide for the sustainable use of forests. This project was 

initiateci to begin to address that requirement. The Manitoba Model Forest Program 

(MMF) is mandated to develop forestry practices th1 will lead to the sustainable use of 

forest resources. 

The techniques and strategies thai were identified can be applied to the sustainable 

development and management of other resources as well as to other sectors, and to the 

revegetation of drastically disturbed lands outside of the MMF area. 

The purpose of this study was to identify and evaiuate revegetation strategies and 

techniques that may serve to "kick start" plant succession on drastically disturbed lands 

within the MMF region. The objectives identified to meet that purpose were: 

(1) To identify and review the revegetation strategies and techniques currently 
king useû by various agencies; 
(2) To assess the identified revegetation strategies and techniques for use in 
Manitoba; 

(3) To evaiuate the chosen revegetation strategies and techniques through field 
trials; 

(4) To make recommendations for the revegetation of drastically dishubed lands 
based upon the review of strategies and techniques, and the results of field shidies; 

and 

(5) To develop guidelines for "post-snidy" monitoring and anaiysis of field 

studies. 
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5.1 Evaluating Revegttation Techniques 

The selection of the hydroseeding technique and of the PFPC sludge as a 

protective mulch was as a result of the literature reviewed, intemiews with revegetation 

practitioners and most irnportantly, the application of selection criteria as identified 

through the completion of this process and with the input of the Practicum Committee. 

The evaluation of the performance of the plants, and associateci observations. 

suggest that thex two techniques may be usehl tools for the revegetation of dranically 

disturbed lands under certain conditions. 

5.1.1 Hydnisdiag 

The results indicate that hydroseeding is a viable and versatile technique for the 

revegetation of drastical 1 y disturbed lands. Al1 of the hydroseeding fiber products tested 

fomed stable mats on a variety of soi1 surfaces and under a variety of conditions. in 

doing so, îhey provided erosion contrai, weed suppression and provided for the 

establi shrnent of desirable plant species. Even under extremel y harsh conditions, such as 

slopes of 1 : 1, and on areas characterized by severe riiling, the vegetation becarne 

established with no M e r  inputs king necessary. 

The use of the Pine Falls Paper Company pper sludge as a component of a 

hydroseeding slurry has also proved to be promising. It was able to form a relatively 

stable mat on both flat and sloped conditions and rernained intact for two growing 

seasons. It adhered well to variety of surfaces. thus resisting erosion, and exhibiteci the 

ability to support ge miination rates of 60 - 80%, which is considerd exceptionai. The 

lack of germination by the Jackpine seeci might be attributed to a lack of seed stratification 
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(Kaczanowski pers. couun. 1997). The failure of the clover and annual y e  grasses atter 

they germinated was most likely due to desiccation, as there was a lack of precipitation at 

a critical period of tune in the establishment of these new plants. This is supported by 

the fact that even the comrnercially proven hydroseeding fiber products only continued to 

support plant growth in the rills where buth the product and much needed rnoisture 

accumulated. These results underscore the importance of timing the use of hydroseeding 

to coincide with perids and seasons of precipitation and low ambient air temperameS. 

The results of the pre-soaked seeds are inconclusive. 

The resulu suggest that the method of hydroseecüng is Iikely to be an effective 

approach in the revegetation of drastically disturbed sites. The use of the PFPC paper 

sludge as a component of a hydroseeding slurry was also promising, as it performed well 

within the parameters used to evaluate other established hydroseeding products. The 

PFPC-based slurry was able to form a stable mat, provide good erosion control, act as an 

effective weed barrier and break down with time. Al1 are important characteristics of any 

good hydroseeding mamial. 

5.1.2 PFPC Mill Sludge as a Protective Mulch 

The results of the over-wintering success assessrnent were inconclusive. The lack 

of difierence in plant rnortality rates between the treatments shed no light on whether or 

not there is any value of the mulch to the plants for their survival over the winter. The 

only species that showed that it might benefit from the muIches was the buff'obeny, 

which had a survival rate of 88% without mulching as compared to 1 Wh with mulching. 

The reason for the extraordinary ability of the plants to over-winter may be related to a 

The Revegetation of DraMcalïy Dismbed Land 135 



number of factors. Fifft, the plants w m  very well established in 19% having been 

planted in June and regularly watered until the application of the trearments, some six 

weeks later. Second, the 1996 - 1997 winter was characterized by some of the highest 

accumulations of snow in the 1st century (Anderson pers. comm. 1998). The exceptional 

amount of snowfall would have provided an excellent insulating layer protecting the 

plants fiom the extmnely cold temperatures that also characterized the 1996 - 1 997 

winter season. The thicker snow layer would have also provided protection h m  

browsers. The higher than aormal accumulation of mow would have been followed by a 

higher than normal s p ~ g  nuioff in 1997, thus providing the plants with an excellent start 

in the spring. These climatic factors, coupled with the f a ~ t  that the plants were well 

established the previous growing season, rnay have contributeci to the high swival rates 

O bserved. 

in contrast, the muits of the plant quality assessrnent suggest that plants were 

able to derive benefit h m  the use of the paper sludge as a protective mulch. both as a dry 

mulch and as a "hydn,mdch". Large, g m n  leaves. a lack of chiomsis and the presence of 

new and vigorous growth characterized al1 seven species under the hydromulch treatment. 

Both the tree and herbaceous species benefited. Literaîum reviewed l i a  the benefits of 

mulches as king moisture and nutrient retention and better plant quality as a result of 

reciuced cornpetition h m  weeds. Both mulch treatments provided these benefits, with 

the hydromulch king prticularly effective. Ir was able to form a durable and stable mat 

that adhered itself to the contours of the swface and on a variety of materials fiom sandy 

to graveYsand soils. As a result, there was little erosion of the surface covered by the 

hydromulch on slopes with gradients of up to 3: 1 with no rilling of these areas being 

The Revegetation o/Dr&icai& DWhrrbed h d r  136 



observeci. The material rnnained viable and intact for two growing suisons. The 

hydromulch also provided excellent weed control with the establishment of undesired 

plant species never exceeding 2OO/o of the plot area. As a result, the competition for 

limited nutrients and moistwe was eliminated. allowing the desired plants to flourish. 

The dry mulch treatment produced plants somewhat poorer in quality than those 

of the hydromulch however, they were still superior to those of the control. This can 

most Iikely be amibuteci to the lack of ability of the dry mulch to suppress undesired 

plants in establishing themselves. Mestation rates approached 1 W h  by the end of the 

second growing season and the presence of these plants resulted in competition between 

the desùed trees and s h b s  and the undesired species for the limited nutrients and 

moisture present on the sites. What is important however, is that ruderals were able to 

establish themxlves quite easily on the dry mulch material. It appeared that the dry 

mulch provided the necessary conditions for the re-establishment of pioneer species and 

the process of naturai revegetation of the drastically disturbed site was enhancw?. 

One drawback of the dry mulch was that it very susceptible to both wind and 

water erosion and over the two growing seasons it accumulated at the bottom of rills and 

was uansported up to two feet down hi11 of the plots. The material lacked the ability to 

fonn a resilient and erosion resistant mat. The use of this material rnay therefore be 

limiîed to areas with littie or no slope and where erosion would not be a concem. 

As has been noted, al1 seven plant species performed best in the hydromulch 

treatments. Only the Jackpine and Hawthom failed to draw any apparent benefit nom 

the dry mdch. Al1 plants in the contr01 exhibited chlorosis, while the plants in the two 

mulch neatments exhibited no chlorosis. îhe most resilient plant was the rose. It was 
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observed as a pioneer species at the site and was observed to be establishing itself dong 

the periphery of the bomw pit. The surprise of the group was the acute willow. Once 

established. it flourished under the mulch treaÉments, particularly the hydromuich. 

However, the need for protection during the delicate establishment period could limit its 

usefulness. The performance of buffaoberry was surpnsiagly disappointing. Aithough 

it is capable of f&g nitmgen, its performance was the poorest of al1 the plants in the 

control treatment and it aiso received the lowest quality ranking in the hydromukh 

treatment. It usefidness in revegetation may therefore be limited. Although the hawthorn 

benefited nom the hydromulch. it was able to grow satisfactorily under the control 

conditions as well. This suggests that it could be useful as a pioneer species where 

mulching is not possible, and would thrive in circumstances w h m  mulching was possible. 

n i e  dogwood appeared to benefit greatly fiom the mulches and would moa Iikely require 

such protection if it were to be useci under similar conditions. The Jackpine responded 

very well to the hydromuich treatment and poorest in the dry mulch treatment. If 

planting of this species were to take place on sites with slopes then the use of the 

hydrornulch would increase its success rate. It appears that on areas with little or no 

dope. this species draws little benefit h m  the use of muiches. Coaversely, the white 

spruce responded very well to both mulches and therefore use of a protective mulch when 

using this species could be beneficid. 

5.2 Summary 

In conclusion, the bmefits of the hydromulch appear to k related to: (1) its 

ability to suppress the gmwth of undesired plants, thus reducing or eliaiinating 

The Revegetafion ofDrariica13, Disturbed Lumis 138 



competition fm nuûients and rnoisture!; (2) its capacity to control msion, thus providing 

for a stable growing medium, and (3) its ability to retain moisture either by reducing 

movernent of water across its surface and thereby allowing for its ifiltratioa andor by 

reducing its ioss through evaporation. 

The dry mulch material supporteci the establishment of mderals. It appears to 

possess the necessary qualities that provide for the re-establishment of pioneer species. 

thus the natural revegetation process was greatly enhanced. 

Overall, the PFPC paper sludge exhibiteci the characteristics important to be an 

effective and protective mulch and as such should be considemi in revegetation 

approaches for drastically disnvbed sites. It could prove to be of knefit on sites such as 

ditches, rights of way, temporary Iogging and access roads, and bomw pits including 

sand and grave1 pits. in situations where the goal is to revegetate with ciesired species. 

then the use of  the hydromdch would be appropriate. The results of this project suggest 

that hydroseeding and protective mulches would be excellent techniques in efforts to 

"kickstart" the naturai revegetation of drasticaily disturbed lands within Manitoba and the 

Manitoba Mode1 Forest region. 
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As a result of the excellent performance of the hydroseeding and of using the 

PFPC paper mil1 sludge as a protective mulches for established plants, the following 

recommendations are made: 

1 . Given the success of the hydroseeding and mulching techniques. it is recomrnended 

that they be considered as viable options in the revegetation of ârasticaily disturbed 

lands. 

2. It is recommended that m e r  study of using the Pine Falls Paper Company biosolid 

as a hydroseeding component or as a protective mdch be undertaken. Using the 

biosolid would provide for the sustainable use of the forest resource. central to the 

efforts of the MMF Program. The use of the matenal in the Manitoba Mode1 Forest 

region could be cost effective and cepresents a d i a b l e  source of fiber. Its use as a 

component of these techniques is only limiteci by the uncertainty of its chemical 

make-up. The original material us& in this project was derived h m  the processing 

of virgin wood, with no recycled materials present at the rime. With the introduction 

of recycled newspapers into the paper making pmcess cornes the potentiai 

introduction of bleacha and inks, and possibl y heavy metals. An analysis of the 

sludge, both initially and on a regular basis. would serve to determine and rnonitor the 

levels of these substances, and establish the appropriateness of using it in revegetation 

efforts. If the chemical composition of the sludge is detemiiaed to be acceptable by 

Manitoba Conservation, then its use in the revegetation of a variety of drastically 

dishirbed lands within the MMF and beyond, is recomended. PFPC should be 

encourageci to undertake such a practice as a mem ber of the MMF. 

3. Given the mandate and purpose of the MMF Program. it is recommended that it lead 

by example and promote the revegetation of drastically disturbed lands within its 

boundaries. The presence of disturbed sites is ever-incnasing in the area as more 

access roads and construction takes place and associated bomw piu are created. The 

apparent lack of a policy for the mvegetation or rehabilitation of such sites back to 
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productive lands is not sustainable and is contrary to the priricipks and goals of the 

MMF Program, and the province as a whole. Failme to develop such a p o k y  will 

result in the loss of productive land for years and create pressure to expand Forest 

Management Areas (FMAs), which is also not sustainable. Development of strong 

revegetation policies, whether for borrow pi&, rights of ways, road allowances, or 

work sites would provide for a more sustainable forest resource. here and in other 

Mode1 Forests throughout Canada. S uch policies and their implementation codd also 

assist in the development of "sustainable forest practices" and wntribute to the 

development of certification criteria 

4. Fuaher research should take place on the use of PFPC paper sludge in the following 

areas : 

(a) As a hydrodng component. The goals of such research would be to develop 

optimal mix rates of the PFPC sludge for use in a variety of conditions, on various 

soil types, on different slopes and with a variety of seed mixes including native 

species; 

(b) Determine the chernical composition of the PFPC sludge so that it can be considered 

for other uses, other than landfilling or incineration. 

(c) Evaluate its effair on the performance of other plant species native to Manitoba and 

the MMF. 

(d) Evaluate its value as a soii amendment, feflilizer or as organic matter. 

5. A botanical survey should take place to document the succession patterns and 

associated species on drasticaily disturbed lands within the MMF. 

6. Research should take place into the use of other soil amendment rnaîerials. including 

the use of mycorrhizal inoculation on sites within the MMF. 

7. The slope gradient of 4: L should be promoted when rehabilitating sand and grave1 pits 

in the MMF. This would provide better conditions for revegetation effons, provide 

for improved public d e t y  and greater end use options for sites. 
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Shrubs suitablc for plrnting in Northcm Ontario 

Acer pensylvanicum (Striped rnaple. Moosewood) 
Acer spicaîum (Mountain rnaple) 
Amelanchier alm~olia (Saskatoon serviceberry) 
Amelanchier canadensis (Shadblow serviceberry) 
C o m s  alfernifolia (Pagoda dogwood) 
Cornus racernosa (Grey dogwood) 
Cormrs sericea (Red osier dogwood) 
Hamarnelis virginiam (Witch hazel) 
Priums pemylvanica (Pin cherry) 
Prunus virginianu (Choke cherryj 
R h s  typhm (Staghom sumac) 
Rosa nrbrifof ia (Redieaf rose) 
Salk caprea (Pussy willow) 
Salïxpurpurea (Arctic willow) 
Symphoricorpos albus (Sno wberry) 
Verbimtm lantana ( Wayfatingtree) 
Yiburnum lentago (Nanny berry) 

(MiIIer and MacIntosh 1987) 
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APPENDM 2 

Laboritory anaiysis of the Pine Falls Piper Mill sludge. 

Chades Mrena - 4  Natwal Rewrces - . 

Institut0 - !  . _  
Winnipeg, MB 
R3T ZN2 
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