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DISCLAIMER 


The Mixedwood Project Team (MPT) of the Forest Growth Organization of Western Canada (FGrOW) 
commissioned revisions of the Mixedwood Silviculture Guide. The intent was to revise the original 
mixedwood Silviculture Guide for the Province of Alberta developed by the Mixedwood Management 
Association by replacing the electronic processes with text and flowcharts, thereby making the Guide 
more approachable and user-friendly. The conclusions and recommendations contained within this 
revised Guide are those of the consultants, and have neither been accepted nor rejected by the FGrOW 
members. The target audience for the Guide is the silviculture practitioner with approximately five years 
of post-university experience. This means that considerable experience with local conditions and 
silviculture systems must be used to develop reasonable assessments, interpretations, and plans. 


FGrOW, its members, and the consultants that developed this Guide take no responsibility for any 
adverse outcomes due to the application of the information and direction provided by the Guide. The 
Silviculture Guide provides direction to the practitioner but is not meant to diagnose or assess 
conditions, make interpretations, provide treatments, or predict outcomes. Its sole intention is to 
provide information that the practitioner may find useful in silviculture management. The practitioner is 
solely responsible for the use, interpretation, and application of any information or data generated from 
or with assistance of the Guide. 
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1 INTRODUCTION 


The Alberta Silviculture Guide: Boreal Mixedwood and Lower Foothills Natural Subregions. Version II 
brings together our understanding of silviculture systems, practices, and planning with forest ecology in 
a practical guide that integrates this knowledge and understanding into a series of site and objective 
based flowcharts that can be used to facilitate developing silvicultural prescriptions for establishing and 
managing forest stands of mixed aspen and spruce composition (mixedwoods). The current version of 
the Guide integrates flowcharts, text, and decision support tools (electronic and conceptual) to assist 
the forest manager in prescribing an integrated suite of treatments to achieve specific mixedwood 
silviculture objectives.  


The Guide is not definitive, it offers the current “best-fit” combination of treatments to attain specific 
objectives on specific sites; however, other combinations of treatments may well succeed on the same 
site type. This is a reflection the stochastic nature of silviculture. Many environmental factors that affect 
tree establishment and growth are highly variable, meaning that a specific suite of treatments may or 
may not succeed on the same site type depending on variability of environmental factors. The Guide 
addresses this by recommending the most robust combination of treatments for each site type. To assist 
the practitioner in amending or adapting treatment prescriptions to changes in conditions or site 
variations, a suite of constraints (both abiotic and biotic) is identified and treatment recommendations 
are based on these constraints. The likelihood of constraints arising on a specific edatopic grid position is 
provided, thus enabling the practitioner to identify the rationale underpinning the recommended 
treatment regime for each site type. 


Treatment recommendations are based on the most current science and technology.  


The Guide is not meant to replace the knowledge and experience of the silviculturist and is designed for 
a practitioner with approximately five years of experience. It provides direction based largely on the 
interpretation of current scientific and tacit knowledge about boreal forest ecology and silviculture. The 
focus is on understanding and working with the natural and dominant ecosystem processes that 
influence the structure, function, composition, and development of forest stands in the boreal 
mixedwood ecosystems of Alberta. As much as possible the user is encouraged to develop objectives for 
a site that are consistent with the inherent natural capability of the site (moisture and nutrient regime) 
and with the site’s current plant community characteristics.  Linking a site with the “right” objectives, so 
the objectives are similar to the natural trajectory of the ecosystem, tends to increase the probability of 
success. As well it tends to be more cost effective because less intervention is required. It is often more 
desirable to nudge a stand onto the preferred trajectory rather than exert considerable resources 
overcoming the site’s natural tendency.  


As well as ecological conditions, the social, economic, and regulatory environment influences forestry 
operations. In Alberta, strategic planning and developing strategic level goals and objectives is largely 
done through the development and implementation of a Detailed Forest Management Plan (DFMP). A 
fundamental requirement of successful silviculture is to have strategic plans that have explicit 
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statements of product requirements and of desired future forest conditions at the stand and landscape 
levels (desired landscape pattern). While each company may have a very different strategic plan, each 
plan has to be carried out at the stand level. Inevitably, actions at the stand level (what, where, and 
when) manifest themselves in the availability of fiber, as well as landscape pattern, structure, and 
availability and diversity of valued ecosystem components such as wildlife habitat. This Guide provides 
stand level planning tools to assist the practitioner in making decisions, which cumulatively manifest 
themselves over time, to achieve strategic level economic, social, and environmental goals. 


The guide is an integration of text, decision support tools, and flowcharts. Generally, decision processes 
are supported by flowcharts and text while decision support tools address specific challenges or 
problems.  


Based on an assessment of ecological site conditions, the Guide is capable of assisting the user in 
predicting the potential success of alternative silviculture regimes to obtain specific forest composition 
objectives (D=>80% deciduous; DC=deciduous dominated mixedwood; CD=conifer dominated 
mixedwood; C=>80% conifer) when the stand is 15 years old. Fifteen years was deemed to be a 
reasonable point in time where a stand has some degree of stability in tree species composition. Each 
company has different objectives, goals, obligations, and requirements for timber supply as well as for 
the social and environmental values required from the forest. Each company’s business strategy and 
forest management system is different and, as such, this Guide does not attempt to predict the growth 
and yield or other ecological attributes of forest stands through to rotation. It does, however, provide 
guidance to assist the user to develop a reforestation plan and a harvest plan, and to assess the 
potential utility of the plan to meet tree species composition objectives at 15 years post-harvest. It is 
beyond the scope of this version of the Guide to provide predictions of forest conditions beyond 15 
years. The user must refer to the Detailed Forest Management Plan that applies to their area for specific 
forest management objectives, strategies, and systems. 


This Silviculture Guide allows the user to set objectives that include stands of pure aspen and pure 
spruce or stands of various admixtures of the species. Mixed species stands are both common and 
important in the Boreal Mixedwood and Lower Foothills Natural Subregions of Alberta. Some areas of 
the landscape should be managed to maintain the integrity of mixedwood ecosystems, which (in this 
context) means maintaining mixtures of species that naturally occur together. Maintaining mixedwood 
stands as an integral part of the forested landscape is being recognized as a priority across the boreal 
forest (Greene et al. 2000). There are numerous reasons to manage for mixedwoods, including that 
(Comeau 1996): 


1. mixedwoods occur naturally, 
2. they provide a valuable visual resource, 
3. mixedwood forests are more diverse and support a greater diversity of other organisms than 


single species forests, 
4. mixedwood stands may suffer reduced impacts from insect and disease problems and reduce 


risk of loss, 
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5. broadleaf trees can serve as a valuable nurse crop for conifers, 
6. broadleaf trees can improve nutrient availability in mixed stands, 
7. mixed stands may provide greater wood yield than pure stands, 
8. mixedwood stands may be more readily sustainable than growing single species stands, and 
9. regulations may require management of mixed species stands. 


This ecologically-based silviculture guide provides information and recommendations to forest managers 
and others on planning, development, and implementation of ecologically sustainable silviculture 
practices. It represents a synthesis of current knowledge, research and experience as interpreted by the 
authors. The Guide is not free of the paradigm created by the current regulatory environment in 
Alberta.  


The interpretations within the guide must be used in association with the skill, experience, and 
professional judgment of the practitioner to develop responsible and sustainable silviculture 
management plans. Silviculturists may use an adaptive management approach to refine their use of the 
Guide as results of applying our reforestation and harvest plans are evaluated.  


Silviculture is the art and science of managing forests for specific objectives outlined by a landowner 
(Baker 1934, Smith 1962, Smith et al. 1997, Graham and Jain 1998); therefore, it must consider 
economic, social, regulatory, environmental and biological factors and impacts. Forestry is a business; 
therefore, economic return must be a primary consideration in all decisions. This can be accomplished 
by ensuring that expenditures provide an adequate return at an acceptable level of risk. 


Silvicultural practices manipulate forest vegetation through prescriptions to fulfill various objectives 
such as sustaining wildlife habitat, maintaining hydrological processes, restoring ecosystems, conserving 
biodiversity, and producing wood products (Graham and Jain 1998). Silviculture practices are described 
in detail by a silvicultural system, which outlines a plan of treatments over the life of a stand for the 
purpose of fulfilling a set of values or interests for a particular landowner (Graham and Jain 1998). It 
ensures that future yields of goods and other values are conserved, while harvesting or utilizing 
currently available goods (Smith 1962, Smith et al. 1997). Therefore, silvicultural systems need to be 
placed within the context of the ecological and environmental characteristics of the ecosystem being 
managed. For boreal forests, a key component of silvicultural systems is the development and 
implementation of treatments that maintain an assortment of forest structures, compositions, and 
conditions. 


Silviculture systems depend upon silviculture planning, which integrates silviculture activities at all 
management levels—Strategic, Tactical and Operational. Planning incorporates specific issues by 
developing approaches to deal with site quality, stand composition and density, stand structure, wood 
quality, relative market value, harvesting and treatment regime, growth and yield, landscape pattern, 
and net present value. The idea is to produce a planning system that ties harvest and regeneration 
systems to the desired end product while considering net present value (costs and return) and the 
desired future forest condition at the stand and landscape levels.  
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The Alberta Silviculture Guide: Boreal Mixedwood and Lower Foothills Natural Subregions. Version II 
brings together understanding of silviculture systems, practices, and planning with forest ecology in a 
practical guide that integrates this knowledge and understanding into a decision–making process. The 
results of this process applied to many stands over time will culminate in the achievement of strategic 
level objectives. Regardless of strategic intentions and management level plans, what occurs on the 
ground at the stand level dictates future forest conditions at both the stand and landscape levels. This 
Guide provides support to practitioners in making effective stand level decisions to facilitate the 
achievement of forest management planning goals. 


1.1 COMPONENTS AND STRUCTURE OF THE SILVICULTURE GUIDE 


The Silviculture Guide is a hybrid decision support system that consists of tools and processes that allow 
the user to develop objectives, evaluate ecological site conditions, evaluate abiotic and biotic 
constraints, and develop an encompassing reforestation plan.  


The Guide has the following components: 


1. Written Sections that provide background to assist the user to understand the concepts and 
processes 


2. Time units that describe the temporal framework for the Guide including the timing of 
assessments and treatments 


3. Processes and Tools 
a. Process:  A structured series of steps assisting decision making, generally presented as a 


flowchart. 
b. Tool: An interactive table, chart, or calculator providing decision support and or 


organizing information. 
4. Fact sheets describing the tools. 
5. Edatopes (either stand-alone or composited based on limiting factors) are used as a framework 


for ecological interpretation 


The temporal framework of the guide provides a timeframe within which evaluations, assessments, and 
treatments are applied. The Processes components of the Guide walk the user through a series of 
questions and answers that collect information and document decisions to develop a record of 
ecological site conditions, site objectives and limitations, and the series of treatments selected to 
achieve the site objectives. The Fact Sheets component of the Guide provides a Fact Sheet for each of 
the Processes and Tools with a description about how to use the Tool or Process. The Edatope 
component of the Guide provides a series of edatopes (moisture and nutrient grid) with various types of 
information presented to assist with decisions and interpretations while working through the Tools and 
Processes. Each of these components will be described briefly below. 
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1.1.1 WRITTEN SECTIONS OF THE SILVICULTURE GUIDE 


This component of the Silviculture Guide provides written text that explains many of the concepts to 
assist the user in understanding some of the ecology and reasoning behind the decision-making process. 
Table 1.1 lists each section of the Guide. 


Table 1.1 Names of the written sections of the Silviculture Guide. 
Section 1 Introduction 
Section 2 Silviculture Strategies 
Section 3 Making Pre-treatment Silviculture Prescriptions 
Section 4 Plant Community Management 
Section 5 Quantifying Plant Community Interactions 
Section 6 Evaluating Information in Silviculture Decision-Making 
Section 7 Site Adjustment Treatments 
Section 8 Propagules Introduction 
Section 9 Winter Injury and Temporary Saturation of the Rooting Zone 
Section 10 Abiotic Factors and Their Influence on Forest Ecosystem Establishment 
Appendix 1 Case Study 
Appendix 2 Edatopes  
Appendix 3 Prescription Support Flowcharts 


 


1.1.2 TEMPORAL FRAMEWORK OF THE SILVICULTURE GUIDE 


The Alberta Silviculture Guide: Boreal Mixedwood and Lower Foothills Natural Subregions. Version II 
assists the practitioner develop a reforestation plan that will result in a stand having a specific 
compositional objective (D, DC, CD, or C) at 15 years of age. The temporal interval ranges from pre-
harvest assessment through treatments at age 10 – 12 (Performance phase). 


T1 REMOTE ASSESSMENT 


The remote assessment is done before any fieldwork is conducted. The objective is to collect 
information about the ecological characteristics of the site using various reference sources: remote 
sensing images such as aerial photographs and high-resolution multi-spectral images, existing ecosite 
classifications, Alberta Forest Vegetation Inventory (AVI), soils and terrain maps, and Wet Area Mapping 
(WAM). This information can be used to pre-stratify before a pre-harvest ecological site assessment or 
as a foundation to continue to the next timeframe in the Silviculture Guide until a site visit can be 
planned. The intensity of remote assessment and field assessment will vary depending on the type of 
site, the objectives for the site, and the experience of the practitioner in that specific area. 


Aerial photograph interpretation, in conjunction with forest inventory information and soil survey 
information, is one method of carrying out a general level of ecological classification. It should be used 
to complement field level investigations not replace them. The results of this type of classification can 
be applied to many forest management practices. This type of ecological classification can also be used 
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to identify areas that may require more detailed field surveying, thus balancing the required resolution 
of ecological classification with time/cost effectiveness. 


If an ecosite map is not available for your area or you require additional information about 
specific ecological site characteristics, the Ecological classification using resource maps and 
aerial photographs, Saskatchewan boreal mixedwoods (Beckingham and Futoransky 1996) 
report can provide guidance. See Section 10 (Abiotic Factors and Their Influence on Forest 
Ecosystem Establishment) of this Guide to better understand the abiotic factors that contribute 
to the ecological conditions at a particular site. Please review Section 6 of this Guide (Evaluating 
information in silviculture decision-making (method and error)) for direction on stratification of 
a site and some of the sources of error in site assessment and Reforestation and Harvest Plan 
development. See Section 5 of this guide (Quantifying Plant Community Interactions) for 
guidance about interpreting remote assessment information. 


T2 PRE-HARVEST ASSESSMENT AND PLAN DEVELOPMENT 


Pre-harvest assessment is completed prior to the development of the reforestation prescription. Pre-
harvest assessment requires the stratification of the site into homogeneous ecological units (see Section 
6) and the collection of ecological data for each treatment unit. Section 10 of this guide provides a brief 
interpretation about relevance of the abiotic components of a site. See Section 5 of this guide 
(Quantifying Plant Community Interactions) for guidance about interpreting pre-harvest assessment 
information. Once Pre-harvest assessment data is collected and moisture and nutrient regime are 
known, the process of developing a silviculture prescription is begun. 


Section 3 – Making Pre-treatment Silviculture Prescriptions leads the user through a decision-making 
process that results in silviculture prescription.  


T3 HARVEST 


Harvest is generally planned around seasonality of transportation and spatial harvest sequence 
developed in the DFMP. Silviculturists should endeavor to ensure that harvesting operations staff are 
aware of the potential impact of harvesting activities on silvicultural success. In particular, harvesting 
practices can substantially reduce aspen reforestation success by negatively impacting suckers or by 
reducing soil porosity (commonly referred to as compaction). Harvesting practices that damage soil or 
stimulate reedgrass rhizome reproduction can considerably increase the cost of coniferous reforestation 
efforts. In effect, these practices increase the risk of conifer reforestation failure thereby requiring 
additional silvicultural effort to mitigate said risk. 


T4 POST-HARVEST ASSESSMENT (AFTER HARVEST AND BEFORE TREATMENT) 
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The Post-harvest Assessment is done after the stand has been harvested and before any treatments 
have been applied. The post-harvest assessment serves four purposes: 


1. It confirms presence of plant species likely to compete with crop species. 
2. It links seasonal and longer-term climatic variation to vegetation predictions. 
3. It confirms the presence of slash levels and water table rebound issues. 
4. Finally, it ensures harvesting operations have not negatively impacted deciduous regeneration 


potential or coniferous reforestation opportunities. 


See Section 5 of this guide (Quantifying Plant Community Interactions) for guidance about post- harvest 
assessment and interpreting the information. 


T5 TREATMENT 


After post-harvest assessment, any adjustments to the treatment plan identified in the post-harvest 
assessment are made as required. The silvicultural prescription must be adjusted to reflect these 
changes; this provides more assurance of success and provides a more sound basis for monitoring. 


T6 ESTABLISHMENT (TREATMENT TO 4 YEARS OLD) 


At the Establishment time in the Silviculture Guide time frame herbaceous species can exert 
considerable competitive pressure on the crop. The nature and magnitude of competition is dependent 
on ecological site conditions and the tree species composition objectives for the site. Plant community 
assessments during the establishment phase are critical to success. During this stage of plant community 
development, herbaceous competition develops more quickly than larger woody species. Therefore, 
herbaceous species exert the greatest competitive constraint on crop tree species (Bell et al. 2000, 
Wagner 2000). The type, rate, and timing of herbicide application during the establishment stage exerts 
an enormous influence on the dynamic interaction of competing herbaceous, woody, and both 
deciduous and conifer crop species. The practitioner has an opportunity to strongly influence stand 
composition depending on the tree species present and the timing and extent of vegetation 
management treatment.  


Section 5 of the Guide provides detailed guidance on assessing and managing reforestation in this most 
dynamic phase of plant community establishment and development. See Section 5.6 (Establishment 
Phase (T6) Assessments), Section 5.7 (Thresholds), and Section 5.8 (Interpreting Establishment (T6) 
Assessments) for a discussion about competitive interactions, understanding and setting thresholds, and 
interpreting establishment assessments during the Establishment Phase of the Silviculture Guide time 
frame. 


The Establishment Phase flowchart provides guidance for setting competition treatment thresholds, 
assessing vegetation, and prescribing treatments in the Establishment Phase (Years 1 - 4) of plant 
community assembly. The process recommends user pre-determined competition threshold values and 
a light- based competition index (Comeau Competition Index Tool) to assist the practitioner in deciding 
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whether white spruce seedlings are under sufficient competition to require treatment. Guidance is also 
provided in understanding the role of aspen facilitation in white spruce establishment. Further guidance 
is provided on the impact on aspen as crop species of using vegetation management treatments to 
attain mixedwood silvicultural outcomes. Please see Sections 5.6,54.7, and 5.8 for discussion about T6 
assessments, thresholds and assessment interpretation. 


T7 COMPOSITION (5 TO 7 YEARS OLD) TO T8 PERFORMANCE (8 TO 12 YEARS OLD) 


Development of the plant community begins to stabilize in the Composition phase (5 to 7 years old) of 
development. At this phase vegetation management treatments focus on shifting composition toward 
management objectives (D, DC, CD, C). Therefore, community assessments need to determine if 
interactions between crop species (i.e. spruce and aspen) are competitive, facilitative, or both. In the 
Composition phase, woody species competition may contribute substantially to overall competition 
burden while herbaceous competition (particularly from reedgrass) continues to limit crop tree growth; 
this means that woody and herbaceous competition must be addressed. Please see Section 5.9 
(Composition (T7) and Performance (T8) Assessments) for a description of the role of vegetation 
assessment, interpretation, and treatment. 


The Composition Phase process uses pre-determined competition threshold values and suggests 
practitioners use a light- based competition index to assist the practitioner in deciding whether white 
spruce seedlings under competition require treatment to reduce competition. Should the practitioner 
decide to treat competing vegetation the process offers guidance (based on composition objective and 
the facilitative value of aspen) in selecting treatment extent and timing. 


In the Performance phase, community composition and trajectory are clearly evident. Treatments can 
reinforce an existing trajectory or somewhat alter a compositional objective but they are not able to 
produce the massive alterations in the assembly of the plant community induced by treatments in the 
Establishment (T6) phase. Please see Sections 5.9, 5.10, and 5.11 for a discussion about Post 
Establishment assessments and their interpretation. Section 5.7 provides a general discussion about 
thresholds and their application. 


In the Performance phase, emphasis on woody competition suggests use of a woody species interaction 
tool (Lorimer’s Competition Index Tool) to quantify plant community status versus silvicultural objective. 
Please see the Fact Sheet for a description of the use the Lorimer’s Competition Index Tool. 


T9 OBJECTIVE (15 YEARS OLD) 


The objective phase in the Silviculture Guide defines the target interval for species composition. Fifteen 
years was deemed to be a reasonable point in time where a stand has some degree of stability in tree 
species composition and it aligns with the final regulatory assessment of regeneration in Alberta. There 
are four stand composition objective classes (Table 1.2). Based on an assessment of ecological site 
conditions, the Guide can assist the user in predicting the potential success of alternative silviculture 
regimes to obtain specific forest composition objectives when the stand is 15 years old. Objectives are 
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set in the Pre-harvest Process (Pre-harvest Plan Development). See Section 4 for a description of the 
process of setting objectives. At approximately 15 years, post-treatment the composition of the stand 
must be assessed and the results documented. This will allow comparison of the actual outcome with 
the predicted outcome so an adaptive management strategy can be applied to improve the linkage 
between ecological site conditions, composition at 15 years, treatment regime, and risk assessment. 


Table 1.2 Tree species composition objective at 15 years old. 
Objective Code Objective Name Composition Description 


D Deciduous > 80% deciduous trees 
DC Deciduous dominated mixedwood Deciduous trees < 80% and > 50% 
CD Conifer dominated mixedwood Conifer trees < 80% and > 50% 
C Conifer > 80% Conifer trees 


1.1.3 TOOLS AND PROCESSES 


The Alberta Silviculture Guide: Boreal Mixedwood and Lower Foothills Natural Subregions. Version II 
consists of 5 tools and three types of process flowcharts. The process flowcharts guide the practitioner 
in making decisions related to the assessment of biotic and abiotic conditions, interpretation of the 
assessment information, and in the development of prescriptions for treatments and management 
interventions to address diagnosed constraints to tree establishment and growth. Each process is 
supported by a separate chapter of the Guide. In turn, the chapters supporting the process flowcharts 
are linked to sections of the Guide which summarize and interpret the current (2017) state of the 
knowledge of mixedwood reforestation. The process contains references or/and hot links to the 
knowledge summaries as does the verbiage supporting the process flowcharts. 


The tools are stand-alone electronic tools that assist the practitioner in assessing and interpreting key 
factors that determine or limit mixedwood reforestation. There is a fact sheet included with each 
silviculture tool that explains how to use the tool (Table 1.3).  


Table 1.3 Fact sheets that describe how to use the silviculture Guide processes and tools. 
Fact Sheet 01 Comeau Competition Index Tool 
Fact Sheet 02 Deciduous Propagule Potential Tool 
Fact Sheet 03 Light Threshold Tool 
Fact Sheet 04 Lorimer’s Competition Index Tool 
Fact Sheet 05 Stocking / Density Calculator Tool 


1.1.4 EDATOPES USED AS A FRAMEWORK FOR ECOLOGICAL INTERPRETATION 


Many of the decisions the user is asked to make while navigating through the Alberta Silviculture Guide 
processes and tools are supported with additional information to improve comprehension and 
understanding of the topic. An edatope is used to display information about the distribution of various 
plant species and their characteristics and site limitations related to moisture and nutrient regime. An 
edatope is a soil moisture/nutrient grid that displays the potential ranges of combinations of moisture 
regime and nutrient regime (Beckingham and Archibald, 1996). Each location on the edatope defines a 
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specific combination of soil moisture and nutrient conditions. Figure 1.1 depicts an edatope with the 
location of ecosites from the central mixedwood region of northern Alberta.  


The edatope presented in Figure 1.2 is modified to better adapt it to being a decision support tool for 
silvicultural decisions. The modified edatope groups edatopes that are silviculturally similar; that is, the 
suite of silviculture interventions commonly used on the edatopes that are grouped is essentially the 
same. Thus, while there are subtle differences between the component edatopic grid positions from a 
silvicultural perspective they pose the same overarching constraints and are addressed using the same 
array of treatment interventions. 


 


 


Figure 1.1 Edatope illustrating the moisture and nutrient conditions of ecosites from northern Alberta. 
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Figure 1.2 Edatope used in the Alberta Silviculture Guide. (D=dry; F=fresh; M=moist; W=wet; V=very wet) 
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1.2 HOW TO USE THE SILVICULTURE GUIDE 


The Guide is a decision support system. Information on how to use the Guide is provided with each 
component and within the fact sheets. The Guide is not intended to be read like a book. There are several 
ways to use the Silviculture Guide. Each of the three primary phases of the Guide is essentially a stand-alone 
decision support system with unique flowcharts, unique guidance text and unique interpretive tools. The 
overarching aspects of the Guide are: 


1. The silvicultural edatope on which the silviculturist is operating, and 
2. The compositional objective the silviculturist wishes to achieve. In the Guide, compositional 


objectives are defined by both “composition” and “aggregation” to better refine the silvicultural 
focus. 


To use the Guide to develop a silvicultural prescription the practitioner should: 


5. Review this Introduction Section of the Guide to obtain an overview of the system. 
6. Determine the Phase of stand renewal in which the prescription is to be made. 
7. Identify the Process Flowchart and Tools that are required to support decisions in that Phase. 
8. Conduct a field assessment as appropriate to collect the necessary data to support use of the 


Process Flowchart identified. 
9. Review the Fact Sheets of the Guide that describe how to use the specific Tool or Tools that apply to 


the Phase of interest. 
10. Work through the Process flowchart to develop a prescription. 


a. Access supporting materials and Tools to support your decision-making. 
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10 ABIOTIC FACTORS AND THEIR INFLUENCE ON FOREST ECOSYSTEM ESTABLISHMENT 


APPROACH AND STRUCTURE 


This section of the Silviculture Guide addresses the abiotic factors that dictate site conditions which may 
inhibit the establishment, growth, and development of plants (especially trees). This section describes 
23 abiotic variables used to diagnose site and their functional relationship with moisture and nutrient 
regime. It also describes how these variables generate seven abiotic limiting factors that can inhibit 
forest ecosystem establishment, tree survival, and tree growth. 


INTRODUCTION 


Evaluating ecological site quality is an integral part of forest management and successful silviculture 
planning. Ecological site quality is aggregate of factors determining the capacity of a site to produce 
forests; site quality encompasses climatic, soil (edaphic), and biological factors. The moisture and 
nutrient regimes of the soil are fundamental to survival and prosperity of all organisms on a site, 
particularly plant species. Thus, the ecological function of a site is largely determined by the availability 
of water and nutrients for plant establishment, growth, and development.  


Silviculturists are primarily concerned with the establishment, survival, and growth of forest trees. (This 
should not be considered a dismissal of the range of ecosystem services accruing to renewed forests 
which frequently influence or modify silvicultural practice.) On any particular site, an excess or shortage 
of soil water can be limiting to tree establishment and growth, with the presence and severity of the 
constraint depending on the intensity of the constraining factor and the plant species affected. In the 
boreal and foothills forests of Alberta, a lack of nutrients commonly impacts tree establishment and 
growth; very rarely are excessive nutrients problematic. Other factors that may limit tree establishment 
and growth include cold soil, frost pockets, frost heave hazard, and winter desiccation. Thus, the seven 
limiting factors to plant establishment and growth in these regions are: 


1. Low soil moisture regime 
2. High soil moisture regime 
3. Low soil nutrient regime 
4. Cold soil 
5. Frost pockets 
6. Frost heave hazard 
7. Winter injury 


10.1 THE 23 ABIOTIC CONSTRAINT VARIABLES  


This section discusses the 23 twenty-three abiotic constraint variables and how they influence ecological 
site quality, with a focus on forest ecosystem establishment and development to age 15.  
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TOPOGRAPHIC POSITION 


 Topographic position is the relative location of a site on the landscape from ridge crest to depression 
(Figure 10.1). It influences many other ecological site conditions such as moisture regime, nutrient 
regime, exposure to wind, potential erosion, soil development, and organic matter build-up. Generally, 
greater organic matter build-up and more advanced soil development occur as one moves from upper 
to lower slope positions (see Figure 10.2). A brief description of the topographic position classes follows. 


 


Figure 10.1. Representation of topographic position along a slope profile (Beckingham et al. 1996). 


 


CREST AND UPPER SLOPE 


The crest is the convex uppermost portion of a hill. It usually is convex in all directions with no distinct 
aspect. The upper slope is generally the upper portion of the slope of a hill immediately below the crest. 
The upper slope has a convex surface profile with a specific aspect.  


The crest and upper slope positions receive water only from precipitation and tend to shed water 
relatively quickly. They tend to have shallow soil profiles due to natural erosion and gravitational effects. 
The crest and upper slope positions have greater exposure to wind and evaporative demand than other 
topographic positions. This results in dry soils with shallow organic matter layers that limit moisture and 
nutrient availability for plant growth.  
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Figure 10.2. Soil catena illustrating increased accumulation of organic matter and deeper soil 
development from slope crest to lower slope (University of Saskatchewan, 2002). 


MIDDLE SLOPE 


The middle slope is the area between the upper and lower slopes where the slope has a straight or 
somewhat sigmoid surface profile with a specific aspect. Middle slopes generally receive moisture, 
nutrient, and material inputs from higher elevations, but to a lesser degree than lower slopes and slope 
toes. Other factors being equal, middle slopes tend to be intermediate between upper and lower slopes 
in moisture, nutrients, organic matter build up, temperature, evapo-transpiration, soil development, 
and exposure to wind.  


LOWER SLOPE 


The lower slope is the sloped area near the base of a hill. It generally has a concave surface profile with a 
specific aspect. Being at the base of a hill, the lower slope is in a zone of material accumulation where 
mineral and organic materials can be moved down the slope by gravitational forces and/or water run-
off. Lower slopes tend to receive water from higher elevation slope positions. This water can come from 
both surface run-off and subsurface discharge or seepage. Seepage waters enhance the moisture status 
of a site, and are often laden with nutrients, which improves the nutrient regime of most lower slopes.  
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TOE 


The toe is below and adjacent to the lower slope and is clearly demarcated by an abrupt decrease in the 
slope. The slope toe is a zone of material accumulation and has many of the characteristics of the lower 
slope position, such as the potential for enhanced moisture and nutrient availability through the 
presence of seepage water. 


DEPRESSION 


A depression is any area that is concave in all directions; usually at the foot of a hill or in a generally level 
area. Depressions receive water from the topographically higher areas that surround them and tend to 
be prone to water ponding and flooding. Loss of water from depressions depends on soil permeability. 
Where soils are relatively permeable, water is removed through percolation and infiltration, whereas 
relatively impermeable soils will lose water dominantly through evapo-transpiration. Depressions are 
also subject to cold air drainage. With relatively wet soils and cold temperatures, depressions tend to 
accumulate organic matter because the rate of organic matter deposition is higher than the rate of 
decomposition. Organic matter is an excellent insulator and further contributes to cold soil 
temperatures. 


LEVEL 


A level site is an area where the surface profile is generally horizontal with no significant aspect. This 
means that there is little relief to facilitate the drainage of water. Since there is little slope to modify 
moisture regime, the permeability of the soil and parent material exerts considerable control over the 
water balance of the site. Level surfaces having coarsely textured soils are permeable to vertical water 
movement and tend to become dry. The presence of finely textured material at or near the surface 
slows or restricts downward water movement, markedly increasing water availability to plants. 


SLOPE GRADIENT 


Slope gradient is the steepness of a slope, and is, most often, measured in percent. Percent slope is the 
elevation gain of the slope divided by the horizontal span of the slope multiplied by 100. Generally, 
slopes in excess of 12 to 15 percent are considered steep.  


Slope gradient affects the degree and rate that water, snow, and soil will be shed. The steeper the slope, 
the faster it will shed water and the less water will be available to plants. Maximum water absorption by 
a soil occurs on a flat surface with no slope. Slope gradient, along with aspect, has a strong influence on 
the incidence of solar radiation at a site. Steeply inclined south facing slopes receive greater amounts of 
solar radiation than level surfaces at any given point in time, because the sloping surface reduces the 
angle of incidence and concentrates the same amount of radiation onto a smaller area (Strong and 
Carnell, 2000). Similarly, north facing slopes cause an increase in the angle of incidence and disperse the 
solar radiation over a larger area, thus reducing the amount of radiation a north slope receives as 
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compared to level terrain. The amount of solar radiation received by a slope affects many other related 
factors, including air and soil temperature, soil water, and PAR (photosynthetically active radiation) 
which are important to the establishment, growth and development of plants (Barnes et al. 1998). 
Relatively steep slopes (> 15%) will contribute to low moisture regime on a site and may increase the 
risk of frost heave due to the increased frequency of freeze-thaw cycles.  


EVAPO-TRANSPIRATION POTENTIAL 


Evapo-transpiration is the sum of evaporation and plant transpiration. Evaporation accounts for the 
movement of water to the air from sources such as the soil, canopy interception, and waterbodies. 
Transpiration accounts for the movement of water within plants and the subsequent loss of water as 
vapour, largely through stomata in their leaves. Sites with increased temperature, frequency and 
intensity of wind, and incidence of solar radiation have greater water loss through evapo-transpiration, 
and may be droughty. In addition, sites with a high evapo-transpiration potential may have increased 
hazard of winter desiccation and windthrow.  


COLD AIR DRAINAGE 


Cold air drainage and frost pockets are commonly found in areas where air from higher elevations chills 
due to radiational cooling or contact with snowpacks, and then drains downslope (Heidorn 2007). This 
occurs primarily in low-lying terrain, hollows and drainage bottoms where cold air can pool (Figure 10.3). 
Once the air has reached its resting level, it may continue to cool through radiational heat loss to even 
lower temperatures. Such areas are more susceptible to frost than the surrounding terrain and are 
therefore known as frost pockets.  


Of course, when the air temperature falls below freezing, it can damage plants caught in the pool or 
chilled in the passing flow. In rugged terrain such as that found in the western cordillera, cold-air/frost 
pocket regions can produce completely different micro-ecosystems with a substantially shorter growing 
season over relatively short distances. Cold air drainage flows can occur even with terrain differences of 
only a meter (Heidorn 2007).  


Cold air drainage contributes to the limiting factors of cold soils and frost pockets. Cold air drainage, 
especially when associated with frost, can inhibit or impair plant establishment, survival, growth, and 
development.  
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Figure 10.3. Illustration of the affect of terrain on cold air drainage and the formation of frost pockets. 
a) cold air pooling in low lying areas, b) cold air pooling due to a drainage barrier (From: Silver, 2002). 


PERMAFROST 


Permafrost or permafrost soil is ground that stays at or below the freezing point of water (0°C or 32°F) 
for two or more consecutive years. Ice is not always present, as may be the case in nonporous bedrock, 
but it frequently occurs and it may be in amounts exceeding the potential hydraulic saturation of the 
ground material. Most permafrost is located at high latitudes (e.g. North and South poles), and alpine 
permafrost exists at high altitudes. Overlying permafrost is a thin layer of ground called the active layer 
that seasonally thaws during the summer. Plant life can be supported only within the active layer 
because growth can occur only in soil that is fully thawed for some part of the year. 


In Alberta’s Boreal Forest and Foothills Natural Subregions, permafrost is commonly discontinuous and 
only occurs in local areas where there is a considerable build-up of organic matter that insulates the soil 
from both solar radiation and relatively high summer ambient temperatures. 


The presence of permafrost can contribute to excessive moisture, nutrient limitations, cold soil, and 
increased risk of frost heave in mineral soils. In Alberta, permafrost tends to occur in wet areas where 
enough organic matter accumulates to insulate the soil and prevent it from fully thawing during the 
summer. Consequently, frozen soil inhibits the infiltration of water into the soil, thus, contributing to 
high soil water and in turn organic matter accumulation through slow organic mater decomposition. The 
active layer in frozen soils tends to be cold, which limits plant establishment and growth. In addition, 
cold soils reduce the rate of organic matter decomposition and nutrient cycling, which are both 
temperature-dependent processes.  
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WINTER DESICCATION HAZARD (WINTER INJURY) 


Significant injury of plant tissues can occur when they become dried out, or desiccated. This occurs 
when transpiration exceeds moisture absorption, which then results in wilting and damage to the plant 
tissues. Winter desiccation injury occurs when solar warming of tree crowns that are exposed above the 
snow pack causes leaves to transpire excessive moisture when roots are frozen and unable to replace 
moisture. Winter injury to white spruce seedlings is discussed in detail in Section 9 


ROOT RESTRICTING LAYER OR EXPOSED BEDROCK 


In this Guide, the root restricting layer variable is defined as the depth 
(cm) from the ground surface to a root-restricting layer such as 
bedrock, strongly compacted, or strongly cemented, material. If 
bedrock is at or near the soil surface, or if there is a root-restricting 
layer in the upper soil profile, there could be moisture and nutrient 
regime limitation on the site. The depth to the root-restricting layer 
indicates how much unconsolidated material is available for plant 
rooting as well as for storing moisture and nutrients for uptake and 
utilization by plants.  


DEPTH TO CALCAREOUS ZONE 


The depth to the calcareous zone is the depth (cm) to the zone of 
either inherent or secondary carbonate accumulation. The zone is 
often identified by either the presence of white crystals (Figure 10.4) 
and/or strong effervescence on application of 10% hydrochloric acid. 
Excessive accumulations of calcium carbonate can be limiting to 
plant establishment and growth, especially when it occurs close to 
the soil surface. In particular, the presence of a hard, relatively 
impervious carbonate layer has a strong effect on forest 
productivity, especially conifer growth and development.  


Nutritional and physiological problems in trees growing on 
calcareous soils may be related to either high concentrations of carbonate or bicarbonate ions, or to 
deficient or excess nutrient elements (Kishchuk 2000). High carbonate ion (CO3


-2) concentrations may 
have an adverse effect of seedling emergence and growth (Maynard et al. 1997) as well as on 
mycorrhizal development (Lapeyrie and Bruchet 1986). All plants growing on calcareous soils are 
susceptible to iron chlorosis due to iron deficiency, but species vary in tolerance (Loppert 1994). 
Excessive calcium can reduce tree growth due in part to the inhibition of iron and manganese uptake. 
This has been shown in spruce (Duchaufour 1960), pine (Ellis and Whitney, 1975) and aspen (Wall et al. 
1971). White spruce is less susceptible to excess carbonates than pine or black spruce, while deciduous 
trees such as aspen, balsam poplar and paper birch are relatively unaffected by excessive calcium 


Figure 10.4. Soil profile of a 
chernozemic soil. Note the 
whitish colour carbonates that 
have accumulated in the Cca 
horizon (University of 
Saskatchewan, 2002). 
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carbonate-induced nutrient deficiencies (Strong and Carnell 2000). The high pH associated with 
calcareous soils modifies the availability of numerous macro- and micro-nutrients. See Section 1.3.9 for 
information about pH effects on nutrient availability. 


SOIL REACTION OR PH 


Soil reaction refers to the activity of hydrogen ions in the soil. It is measured in units of pH, which is the 
logarithm of the reciprocal of hydrogen ion activity (Bates 1956). It is an expression of the acidity or 
alkalinity of the soil on a scale of 1-14. The chemical 
environment of the soil can be acid, neutral or alkaline. The 
ideal state is close to neutral, which is the status of pure 
water, but generally there are influences which generate 
acidity (e.g. the movement through the soil of strong acid ions 
such as sulphate or nitrate) or alkalinity due to the 
accumulation of strongly basic ions (such as calcium and 
sodium) (Dalgliesh and Foale 2006). The lower the pH 
number, the higher the concentration of hydrogen ions; a 
drop of 1 unit of pH represents a ten-fold increase in the 
concentration of hydrogen (acid) ions.  


The pH scale provides a useful indicator of some aspects of 
chemical properties and behaviour of the soil that affect plant 
growth. Alkaline soils generally contain a majority of ions of 
the bases calcium, magnesium, potassium and sodium, which 
originate largely from the hydrolization of salts (Kimmins 
1996). Acidic soils commonly form through the mineralization 
of acidic rock (e.g. Precambrian shield) as a by-product of the 
metabolism of soil organisms (e.g. carbonic acid) and through 
decomposition of organic matter to form humic acids (Kimmins 
1996). Both high and low pH soils are unfavourable to plant growth. A high degree of acidity (below pH 
5.5) may trigger the release of a toxic form of aluminium or manganese, while strong alkalinity (above 
pH 8.0) impairs uptake by the root of scarce trace element cations, such as copper, iron, manganese and 
zinc (Dalgliesh and Foale 2006) (Figure 10.5).  


SOIL EFFECTIVE TEXTURE 


Texture of soil refers to the size of mineral particles, ranging from fine to coarse. There are three 
categories of sizes: clay, silt, and sand (Figure 10.6). The relative proportion of sand, silt, and clay 
particles in the soil determines its texture and is commonly expressed as one of 14 textural categories in 
a soil textural triangle (Figure 10.7). A balanced soil (loam) contains about 40% sand, 40% silt and 20% 


Figure 10.5 Effect of soil pH on the 
relative availability of 12 different 
nutrients. 
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clay and is preferred for growing most plants. For mineral soils, Effective Texture is the texture of the 
finest-textured soil horizon that is at least 10 cm thick located 20–60 cm below the mineral soil surface. 


Texture is one of the most important soil characteristic; it influences many other properties of great 
significance to plant establishment and growth.  


Sandy soils tend to be low in organic matter content and native fertility, low in their ability to retain 
moisture and nutrients, low in cation exchange and buffer capacities, and rapidly permeable (i.e., they 
permit rapid movement of water and air) (Brown 2003). Water infiltrates sandy soil and percolates 
quickly and easily. As a result, sandy soils 
are generally dry and infertile. The dryness 
of sandy soil contributes to a shortage of 
nutrients because of less vegetative growth 
and, therefore, less organic matter is 
produced.  


Figure 10.7. Soil textural triangle and textural 
codes and classes. (From Beckingham et al. 1996). 


Figure 10.6. Illustration of the relative 
size differences between sand, silt, and 
clay. Sandy soils have a higher volume 
to surface area ratio than silty soils, 
which have more than clay soils. Sandy 
soils have larger pore spaces but less 
pore space volume compared to silt 
and clay soils (University of 
Saskatchewan, 2002). 
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As the relative percentages of silt and/or clay particles become greater, properties of soils are 
increasingly affected. Finer-textured soils are generally more fertile, contain more organic matter, have 
higher cation exchange and buffer capacities, are better able to retain moisture and nutrients, and 
permit less rapid movement of air and water (Brown 2003). All of this is beneficial to plants, up to a 
point. When soils are so fine-textured as to be classified as clayey, however, they are likely to exhibit 
properties that may be somewhat limiting to tree establishment and growth.  


Heavy clays are like soft plastic when wet and are hard when dry. They have a large total pore space 
(almost twice as much as a sandy soil), although individual pores have a small diameter and are tortuous 
(U of Sask 2002). This type of soil can hold a lot of water, but water movements are slow due to high 
surface tension forces. Clays are often waterlogged, poorly aerated, and cool. Clay soils absorb and 
release water (to plants) very slowly, and air movement within the soil is also very slow. These 
conditions mean that clay soils take longer to warm than coarser soils. As discussed previously, colder 
temperatures can inhibit tree establishment and reduce growth.  


Many forest soils in Alberta’s boreal forest are very high in clay and are very susceptible to soil massing 
or compaction when tracked during wet conditions. Massing and/or compaction result in a loss of soil 
porosity and a further reduction in soil infiltration and water movement capacity resulting in soil that 
remains wet for lengthy periods following snow melt or rainfall.  


COARSE FRAGMENTS 


Coarse fragments are measured as the volumetric percentage of rocks and rock portions larger than 2 
mm in diameter that occur in the soil matrix. The occurrence of excessive amounts of coarse fragments 
limits the amount of fine fraction (silt and clay) in the soil, which decreases its nutrient and water 
holding capacities (Strong and Carnell 2000).  


SURFACE ORGANIC MATTER DEPTH 


 Soil organic matter is any material in the soil that was originally produced by living organisms. At any 
given time, it consists of a range of materials varying from the intact original tissues of plants (mainly) 
and animals to the substantially decomposed mixture of materials known as humus (Dunn 2003). The 
original tissues contain a wide range of organic compounds, which typically decompose at different 
rates releasing nutrients that can be used by plants. Organic matter is a pivotal component of the soil 
because of its role in physical, chemical, and biological processes (Table 10.1). Soil organic matter 
contributes to soil aggregate formation, increases the amount of soil water available to plants, and 
supplies most of the nitrogen used in annual growth of forest ecosystems (Barnes et al. 1998). Organic 
matter also protects against erosion and helps support a healthy and diverse set of microscopic plants, 
animals, fungi, and other micro-organisms. 


The amount of organic matter on a site depends on the balance between organic matter production and 
decomposition. The rate of decomposition of organic matter depends on the soil's temperature,  
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moisture, aeration, pH and nutrient levels. In general, for upland boreal sites, the greater the depths of 
surface organic matter, the higher the potential for the site to have a high nutrient status and adequate 
to abundant moisture.  


MOR HUMUS FORM 


Humus consists of soil horizons located at or near the soil surface which have formed from organic 
residues, either separate from, or intermixed with, mineral materials. Humus form can be composed of 
entirely organic or both organic and mineral horizons. Although only the presence or absence of Mor 
humus form is used in this guide, we will give a brief overview of the major humus forms here. 


Factors such as abundance and activity of soil organisms tend to produce a characteristic organic profile 
morphology or forest humus form (SoilWEB, 2006). Forest humus form classification is based on the 
sequence, properties, and inferred origin of organic horizons (usually just the H horizon) and the Ah 
horizon (if one is present). A description of organic soil horizons common to upland sites can be found in 
Table 10.2. Common humus forms in our region include mors, moders, and mulls (Figure 10.8 and Figure 
10.9).  


Table 10.2. Description of upland soil organic horizons (after: Soil Classification Working 
Group. 1998). 


Horizon Description


L, F, and H
These organic horizons developed primarily from the accumulation of leaves, twigs, and 
woody materials with or without a minor component of mosses. They are normally 
associated with upland forested soils with imperfect drainage or drier. 


L
This organic horizon is characterized by an accumulation of organic matter in which the 
original structures are easily discernible. 


F


This organic horizon is characterized by an accumulation of partly decomposed organic 
matter. Some of the original structures are difficult to recognize. The material may be partly 
comminuted by soil fauna as in moder, or it may be a partly decomposed mat permeated by 
fungal hyphae as in mor. 


H


This organic horizon is characterized by an accumulation of decomposed organic matter in 
which the original structures are indiscernible. This horizon differs from the F by having 
greater humification due chiefly to the action of organisms. It is frequently intermixed with 
mineral grains, especially near the junction with a mineral horizon. 


Table 10.1. Physical, chemical, and biological functions of soil organic matter (Sparrow et al. 1999; 
Cotching et al. 2001, 2002). 


Physical functions Chemical functions Biological functions


Bind soil particles together in 
stable aggregates 


Major source of cation exchange 
capacity 


Food source for microbes and 
small animals 


Influence water holding and 
aeration Source of pH buffering Major reservoir and source of 


plant nutrients 


Influence soil temperature Binding site for heavy metals 
and pesticides 
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Mor: A mor is humus form that displays diagnostic F and H horizons, with a distinct boundary evident 
between the organic and mineral layer (Beckingham et al. 1996). There is little or no intermixing of 
organic and mineral horizons. Mors are the most common forest humus form in the boreal forest and 
lower foothills of Alberta. This humus form arises under conditions of low biological activity in the soil, 
with acidophilic fungi being the primary decomposers. The mineralization of organic matter proceeds 
slowly and creates layers, which maintain a structure of vegetable material and may become quite thick 
(Stevenson 1982). The carbon to nitrogen (C:N) ratio of mor humus is always more than 20, or even up 
to 40, and its pH is acidic. 


Moder: A moder humus form displays all of the diagnostic organic horizons with varying degrees of 
intermixing between the organic and mineral horizons, producing a gradual transition between the 
horizons (Beckingham et al. 1996). Moders are a transitional form of humus between mor and mull and 
are a type of medium humified humus. Acidophilic fungi and soil organisms participate in 
transformations of plant residues. The C:N ratio of moders equals approximately 15-25 (Stevenson 
1982). The mineral-organic complexes that are produced are labile and weakly bounded with mineral 
portion of soil. 


Mull: A mull humus form commonly lacks the diagnostic F and H horizons (Beckingham et al. 1996). 
There is considerable mixing of organic material into the surface mineral horizon thereby creating a 
relatively thick Ah horizon. Usually many soil organisms are present, but it may also form as a result of 
the decomposition of dense root networks. Insect droppings and earthworms are usually abundant. 
Mulls have well-humified organic matter, which is produced in very biologically active soil. This type of 
humus is characterized by neutral pH, a C:N ratio nearing 10, and a stable mineral-organic complex 
(Stevenson 1982). 


 


Figure 10.6. Examples of mor, moder, and mull humus forms with associated characteristics (From: 
Distance Education and Technology Continuing Studies, The University of British Columbia). 
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 ORGANIC MATTER DECOMPOSITION 


Organic soil horizons occur in organic soils and commonly at the surface of mineral soils. They may be 
present as overlying parent materials or occur at any depth beneath the surface in buried soils. They 
contain more than 17% organic C (about 30% or more organic matter) by weight (Soil Classification 
Working Group 1998). The Organic Matter Decomposition variable is applied to soils that are greater 
than twenty centimetres (20 cm) thick. These may or may not be classified as organic soils based on the 
Canadian System of Soil Classification (Soil Classification Working Group 1998); however, the concepts 
used in evaluating the level of organic matter decomposition from this system are applied. 


Organic matter decomposition in boreal wetlands is controlled primarily by soil temperature, moisture, 
fertility, and organic matter quality (Heal et al. 1981, Trettin et al. 1996). The rate of organic matter 
decomposition increases as soil temperature and nitrogen concentration increase, where litter is low in 
lignin (deciduous leaves), where pH is not acidic, and where aerobic conditions occur. Nutrients 
mineralized from that organic matter comprise the primary nutrient supply for plant uptake in most 
ecosystems (Trettin et al. 1996, Damman 1978, Van Cleve et al. 1983, Van Cleve and Yarie 1986). 


 
Figure 10.9. Humus form classification (Beckingham and Archibald, 1996; modified after Bernier, 
1968). 
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Generally, the more decomposed the organic material, the higher the availability of nutrients for plant 
growth. The Guide recognizes the following three classes of decomposition for organic soils:  


1. Poorly decomposed (Of, Fibric) 
2. Moderately decomposed (Om, Mesic) 
3. Well decomposed (Oh, Humic) 


The following descriptions of organic matter decomposition classes, which depict the degree of 
decomposition of organic matter, are based on the Canadian System of Soil Classification (Soil 
Classification Working Group 1998). 


Fibric peat material (light brown or blonde in colour) is at an early stage of decomposition (slightly 
decomposed). Much of the material can be recognized as to its plant origin. It is usually classified in the 
von Post scale of decomposition as class 1 to 4. A fibric horizon (Of) has 40% or more of rubbed fiber by 
volume. Rubbed fiber is the fiber that remains after rubbing a sample of the layer about 10 times 
between the thumb and forefinger. 


Mesic peat material (brown in colour) is at an intermediate stage of decomposition (moderately 
decomposed) between fibric and humic materials. The material is partly altered both physically and 
biochemically. It does not meet the requirements of either a fibric or a humic horizon, has a rubbed fiber 
content ranging from 10% to less than 40%. It is usually classified in the von Post scale of decomposition 
as class 5 or 6. 


Humic peat material (dark brown to black in colour) is in an advanced stage of decomposition (well 
decomposed). The horizon has the lowest amount of fiber, the highest bulk density, and the lowest 
saturated water-holding capacity of the O horizons. It is very stable and changes little physically or 
chemically with time unless it is drained. This material contains few, if any, recognizable fibres and is 
usually classified in the von Post Scale of decomposition as between classes 7 to 10.  


AH HORIZON (>5 CM) 


The end product of decomposition is humus, a black crumbly material that is resistant to further 
decomposition. It is a complex chemical substance that stores nutrients, holds moisture, and improves 
soil structure. Ah horizons are associated with Mull and Modor humus forms where the organic material 
is well decomposed (H as opposed to L or F horizons) and intermixed with the mineral fraction. An Ah 
horizon is a mineral horizon that is enriched with organic matter, has a colour value at least one unit 
lower than the underlying horizon or 0.5% more organic carbon than the parent material or both (Soil 
Classification Working Group 1998). The dark colour of Ah horizons is attributed to its relatively high 
organic matter content. By definition, Ah horizons contain 17% or less organic carbon by weight (Soil 
Classification Working Group 1998). 
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An Ahe horizon is an Ah horizon has undergone eluviation as evidenced, under natural conditions, by 
streaks and splotches of different shades of gray and often by platy structure (Soil Classification Working 
Group 1998). It may be overlain by a dark-coloured Ah and underlain by a light-coloured Ae. 


The Ah horizon is characterized by intimate mixing of organic matter and mineral material, and it grades 
almost imperceptibly into underlying organic horizons (Kimmins 1997) (see Fig. 10.10). The humus 
mineral complex of the Ah horizon contributes to soil aggregate formation and increases the amount of 
soil water available to plants, and supplies most of the nitrogen used in annual growth of forest 
ecosystems (Barnes et al. 1998).  


AE HORIZON (>2 CM) 


An Ae horizon is characterized by the eluviation of clay, Fe, Al, or organic matter alone or in 
combination. When dry, it is usually higher in colour value by one or more units than the underlying B 
horizon (Fig. 10.11). Luvisolic and Brunisolic soils both have Ae horizons and are the most common soils 
in the uplands of the Boreal Mixedwood and Lower Foothills Natural Subregions. Ae horizons are 
relatively acidic, have a lower nutrient status than darker coloured horizons, and contain very little 
organic matter. Thus, the greater the depth of the Ae horizon, the higher volume of the soil is composed 
of a relatively nutrient-poor substrate. This means that the presence of a relatively well developed Ae 
horizon (> 2 cm) is indicative of a poor nutrient regime. 


Figure 10.10. Example of two soils with Ah horizons that illustrate the intimate mixing of organic 
and mineral materials. a) Chernozemic soil Order, b) Gleysolic Order. (From: University of 
Saskatchewan, 2002). 
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SOIL DARK COLOURED (MUNSELL COLOUR VALUE < 4) 


Soil colour provides insight into many physical and chemical properties 
of soils, particularly organic mater content and the degree of eluviation 
of clay, Fe, Al, or organic matter alone or in combination. Dark colored 
surface horizon(s) of mineral soils reflect organic matter additions; this 
is the primary interest of silviculturists in soil color. The organic matter 
is dominantly from leaf, stem, and root litter and the products of their 
decomposition. A deep surface soil that is dark in colour usually 
contains relatively greater amounts of organic matter than a thin light-
coloured surface soil. These organic matter enriched soil horizons 
affect an array of physical, chemical, and biological soil properties. Soil 
organic matter contributes to soil aggregate formation and increases 
the amount of soil water available to plants, and supplies most of the 
nitrogen used in annual growth of forest ecosystems (Barnes et al., 
1998).  


The soil is dark coloured if it has a value of less then four in the 
Munsell soil colour chart system (Figure 10.12) (Munsell Colour 2000).  


 


SOIL LIGHT COLOURED (MUNSELL COLOUR VALUE > 6) 


Soil colour provides insight into many physical and chemical properties of soils, particularly organic 
matter content and the degree of eluviation of clay, Fe, Al, or organic matter alone or in combination. 
Surface horizon(s) of mineral soils that are light in colour, reflect eluviation of clay, Fe, and Al. Light 
coloured soil tends to have little organic matter, little clay, and reduced quantities of nutrients 
compared to dark coloured soils. Thus, light coloured surface soil horizons do not have the benefits of 
enrichment with organic matter and tend to store and release less nutrients.  


The soil is light coloured if it has a value of greater than six in the Munsell Soil Colour Chart system 
(Figure 10.12) (Munsell Colour 2000).  


 


Figure 10.11. Brunisolic soil with a 
well developed, light coloured Ae 
horizon indicative of the leaching 
downward of organic matter, 
clay, iron compounds and other 
nutrients (From: University of 
Saskatchewan, 2002). 
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WATER TABLE DEPTH (GLEYING) 


The Water Table Depth is the current depth (cm) of the water table from the soil surface. A shallow 
water table indicates that the site is prone to imperfect to very poor drainage and could be flooded for a 
portion of the year. With a high-water table plants may be subjected to anaerobic conditions within the 
root zone, or the water level in the soil may reduce the volume of soil material available as growth 
medium. Plant roots require oxygen. Anaerobic conditions develop when exchange is inadequate, 
causing roots to lose their ability to absorb nutrients and water and to lack the vigor necessary for new 
soil exploration. Above ground, photosynthetic rates decline, stomata close, and shoot growth slows. 
Studies have shown that this deterioration of tree health occurs when root zone oxygen content falls 


Figure 10.12. Munsel colour chart for 10 YR (Hue) illustrating dark coloured soil (value < 4) and light-
coloured soil (value > 6). 
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below 10% (Kozlowski, 1985). As well as having the potential to inhibit tree growth, a shallow water 
table and saturated soil are prone to deterioration through soil compaction and displacement by 
machinery traffic. 


Figure 10.13 depicts a soil with a water table at a depth of 
about 80 cm. Notice the build-up of organic matter in the 
surface horizons.  


Studies have shown that ground water table levels rise in 
response to forest canopy removal (Heikuranen, 1966; Peck 
and Williamson, 1987). This means that if a site has a pre-
harvest water table near the surface it will probably be closer 
to or at the soil surface subsequent to harvest.  


Water tables in Alberta soils are generally highest in the 
spring (April) and lowest in the fall (late September). This 
fluctuation is evidenced in the soil profile by colour. Soil 
horizons that contain yellow, brown and red mottles are 
subjected to shorter periods of wetting than horizons with 
grey, green, olive and blue colours (also referred to as 
gleying), which indicates persistent saturation with water 
(Strong and Carnell 2000). Figure 10.14 illustrates the reddish 
colour of mottles in a grey blue matrix of gley. Figure 10.15 
illustrates the relationship among soil drainage, seasonal 


water table, long-term water table, mottles, and gley. The 
zone of prominent mottles is found between the seasonal 
water table and the long-term water table while the zone 
of gley (anaerobic conditions) is found below the long-term 
water table. 


 MOTTLES PRESENT 


Soil colour can be an indication of depth to water table even if a water table is not present. Soils may be 
dry when pits are dug (this is certainly the case in Alberta autumn), but the colour of the soil may 
indicate a higher seasonal water table (New Hampshire Association of Conservation Districts, 2001). The 
soil matrix colour and soil mottle colour indicate both the depth to the seasonal high water table and 
the natural soil drainage class. Soil mottles are small splotches of red and/or gray colours within the soil 
matrix colour (Figure 10.14). Mottles are essentially rust in the soil, and are formed by the same process 
(iron oxidation) as when a steel or iron tool is exposed to water, and splotches of rust form on it (New 
Hampshire Association of Conservation Districts, 2001). The wetting and drying process forms rusty gray 
colours in the soil which are called mottles. Mottles result from the oxidation of iron and other minerals 


Figure 10.13. Soil profile of a Gleysolic soil 
illustrating the presence of a water table (From: 
GDC). 
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around oxygen-rich zones in the soil such as root channels or macropores (Bigley and Hull, 2000). The 
wetting and drying that causes iron oxidation in the soil is a result of seasonal water table fluctuation. It 
is in this zone of fluctuation that soil mottles are formed. Soil mottles do not occur as individual 
splotches or variations of colour within a soil layer; there is always more than one splotch.  


Figure 10.15 illustrates the relationship among soil drainage, seasonal water table, long-term water 
table, mottles and gley. The zone of prominent mottles is found between the seasonal water table and 
the long-term water table while the zone of gley (anaerobic conditions) is found below the long-term 
water table. 


 


 


 


 


 


 


Figure 10.14. Example of grey coloured soil matrix with patches and splotches of mottles (From: New 
Hampshire Association of Conservation Districts, 2001). 


 


Figure 10.15 Illustration of relationship between soil drainage, seasonal water table, long-term water 
table, mottles, and gley (From: New Hampshire Association of Conservation Districts, 2001). 
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SEEPAGE PRESENT/DEPTH 


Lower slopes tend to receive water from higher 
elevation slope positions. This water can come from 
both surface run off and subsurface discharge or 
seepage. Seepage waters enhance the moisture 
status of a site and are commonly laden with 
nutrients, which will improve a site’s nutrient regime. 
Inorganic nutrients such as calcium, magnesium, and 
sulfur are frequently found in seepage waters 
(Borneuf, 1983). 


If there is a discontinuity in materials (e.g. texture), or 


a less permeable layer in the soil profile or subsoil, 
seepage waters may accumulate and flow along this 
boundary and increase the quantity of seepage 
waters in the lower slope and discharge areas. 
Ground water seepage can enhance both moisture and nutrient regimes resulting in considerably better 
tree growth and ecosystem productivity than upland sites that do not receive nutrient-rich seepage 
waters.  


Dominantly lateral groundwater flow results in moist sites with a moderately enriched assemblage of 
nutrients, typical of middle to lower topography on gentle slopes. Transient groundwater recharge or 
seepage may occur after heavy rain or during spring run-off. Humus is well developed in these seepage 
areas (Toop and Cruz 2002). 


Regions of groundwater discharge occur in relatively topographically low areas, particularly in valley 
bottoms, near rivers, streams, and ponds. Groundwater seepage and high water tables are characteristic 
of very moist to wet nutrient-rich areas, which result in a diverse shrub and forb layer. Balsam poplar, 
willow, swamp birch, snowberry, baneberry, dogwood and horsetail (Figure 10.16) are key indicator 
species of moist to wet, nutrient rich conditions (Toop and Cruz 2002). 


FLOODPLAIN (FLOODING HAZARD) 


Flooding is the periodic saturation of a site’s soil through rising water levels (See also Section 9). It may 
occur annually or every several years (frequency), and the saturated soil conditions may last for several 
hours to several weeks (duration). A site on a floodplain that is periodically inundated with flood waters 
may receive a deposit of nutrient-rich alluvium. Floodplain sites tend to have more available moisture 
and nutrients than flat sites that do not experience periodic, temporary flooding.  


Figure 10.16. Seepage discharge area 
dominated by a white spruce canopy with a 
carpet of horsetail (from Toop and Cruz 2002). 
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MINERAL SOIL 


 The Guide defines a mineral soil by the absence of sufficient organic material for it to be an organic soil 
(see below). Mineral soils tend to be in upland areas or in areas that are subjected to a relatively high 
intensity and frequency of disturbance. Mineral 
soils, as their names suggests, are composed of 
mineral materials and tend to be drier than 
organic soils. Mineral soils contain less than 17% 
organic carbon (< 30% organic matter) by weight 
(Soil Classification Working Group 1998). If the 
surface organic matter over the mineral materials 
is mesic or humic and less than 40 cm thick, or if 
the surface organic matter is fibric and less than 
60 cm thick, it is also considered a mineral soil 
(Figure 10.17).  


ORGANIC SOIL 


By contrast, organic soils are composed largely of 
organic materials. They include most of the soils 
commonly known as peat, muck, or bog or fen 
soils (Soil Classification Working Group 1998). 
Most organic soils are saturated with water for 
prolonged periods. They are widespread in poorly 
and very poorly drained depressions and level areas 
in regions of subhumid to perhumid climates and are 
derived from vegetation that grows in such sites (Soil Classification Working Group 1998). Organic soils 
contain more than 17% organic carbon (30% or more organic matter) by weight and meet the following 
specifications (Soil Classification Working Group 1998).  


For organic materials (O) that are commonly saturated with water and consist mainly of mosses, sedges, 
or other hydrophytic vegetation, the specifications to be called an organic soil are as follows (from Soil 
Classification Working Group 1998): 


1. If the surface layer consists of fibric organic material with or without mesic or humic Op horizons 
thinner than 15 cm, the organic material must extend to a depth of at least 60 cm.  


2. If the surface layer is mesic or humic, the organic material must extend to a depth of at least 40 
cm.  


3. If a lithic contact occurs at a depth shallower than 40 cm, the organic material must extend to a 
depth of at least 10 cm. Mineral material less than 10 cm thick may overlie the lithic contact, but 
the organic material must be more than twice the thickness of the mineral layer.  


Figure 10.17. Differences between mineral and 
organic soils (Soil Classification Working Group 
1998). 
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4. The organic soil may have a mineral layer thinner than 40 cm on the surface provided that the 
underlying organic material is at least 40 cm thick.  


5. Mineral layers thinner than 40 cm that begin within a depth of 40 cm from the surface may 
occur within an organic soil. A mineral layer or layers with a combined thickness of less than 40 
cm may occur within the upper 80 cm.  


For folic materials (L, F, and H) not usually saturated with water there must be 


1. Forty centimeters or more of folic materials if directly overlying mineral soil or peat materials.  
2. Greater than 10 cm of folic materials if directly overlying a lithic contact or fragmental materials.  
3. More than twice the thickness of a mineral soil layer if the mineral layer is less than 20 cm thick.  


 


10.2 MOISTURE AND NUTRIENT REGIME 


Moisture and nutrient regime are characteristics of a site that describe the relative availability of 
moisture and nutrients for plant growth. Their value can be determined by evaluating many of the 
abiotic constraint variables described in Section 10.1. Moisture and nutrient regime are the result of the 
interaction of various groups of variables or different magnitudes of the same variables to provide the 
same net ecological function (Beckingham et al. 1996).  


10.2.1 MOISTURE REGIME 


Moisture regime represents the available moisture supply for plant growth on a relative scale. It is 
assessed through an integration of plant species composition and abundance as well as soil and site 
characteristics (Beckingham and Archibald 1996). Moisture regime ranges from very xeric (1) to hydric 
(9) (Table 10.3). Moisture regime can be determined in the field with assistance of an ecosite 
classification field guide (e.g. Beckingham and Archibald 1996; Beckingham et al. 1996) or the Ecological 
Land Survey Site Description Manual (Alberta Environmental Protection 1996).  


Ecological moisture regime integrates many interrelated environmental and biotic factors, which in 
combination determine the actual amount of moisture available to plants on a relative scale (Alberta 
Environmental Protection, 1996). To determine moisture regime, it is important to integrate the 
following: topographic position, slope gradient, soil drainage, depth of organic matter, soil texture, 
coarse fragments, soil depth, water table depth, depth of mottles, and presence of seepage. 
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Very
coarse
(gravel -S) ;
abundant
coarse
fragments
(>50%)


Coarse to
moderately
coarse
(LS-SL) ;
moderate
coarse
fragments


Medium
(SiL-L)
to fine
(SCL-C);
few coarse
fragments


Very rapid


Very rapid
to rapid


Rapid


Rapid to
wel l


Well to
moderately
wel l


Very shallow
(<0.5 m)


Very shallow
(<0.5 m)


Shal low
(<1.0 m)


Shal low
(<1.0 m)


Moderately
deep (1–2 m)


Very shallow
(<3 cm)


Very shallow
(<3 cm)


Shal low
(3–5 cm)


Moderately
shal low
(6–9 cm)


Moderately
deep
(10–15 cm)


Slope
gradient


Effective
texture


Depth to
impermeable


layer


Sur face
organic


thickness
Soil


drainage


Very xeric
(1)


Xeric
(2)


Subxeric
(3)


Submesic
(4)


Mesic
(5)


Water removed extremely rap id ly in
re lation to supply; soil is moist for a
negligible time after precipitation


Water removed very rapidly in relation to
supply; soil is moist for br ie f periods
following precipitation


Water removed rapidly in rela tion to
supply; so il is moist for short periods
following precipitation


Water removed readi ly in rela tion to
supply; water available for moderately
short periods following precipitation


Water removed somewhat slowly in
relation to supply; soil may remain moist
for significant but sometimes short periods
of the year; available soil water reflects
climatic input


Precipitation


Precipitation


Precipitation


Precipitation


Precipi tation in
moderate to fine-
textured soils and
limited seepage in
coarse- textured
soils


Moisture
regime Description


Pr imary
water


source
Topographic


position


Very
steep
(>70%)


Very
steep
(>70%)


Steep
(31–70%)


Steep
(31–70%)


Slight to
Moderate
(2–30%)


Ridge, crest,
shedding


Ridge, crest,
shedding


Upper slopes
shedding


Upper slopes
shedding


Midslope rolling
to flat


Subhygr ic
(6)


Hygr ic
(7)


Subhydr ic
(8)


Hydr ic
(9)


Precipitation and
seepage


Seepage


Seepage or
permanent
water table


Permanent water
table


Lower slopes
receiving


Lower slopes
receiving


Depressions
and level
receiving


Depressions
and level
receiving


Variable
depending
on seepage


Variable
depending
on seepage


Variable
depending
on seepage


Variable
depending
on seepage


Moderately
well to
imperfect


Imperfect
to poor


Poor to
very poor


Very poor


Deep (>2 m)


Variable


Variable


Variable


Moderately
deep to
deep
(10–40 cm)


Deep
(16–40 cm)


Very deep
(>40 cm)


Very deep
(>40 cm)


Slight
(2–9%)


Slight
(2–9%)


Slight
(2–9%)


Flat
(<2%)


Water removed slowly enough to keep the
soil wet for a significant part of the growing
season; some temporary seepage and
possible mottling below 20 cm


Water removed slowly enough to keep the
soil wet for most of the growing season;
permanent seepage and mottling present;
possibly weak gleying


Water removed slowly enough to keep the
water table at or near the surface for most
of the year; organic and gleyed mineral
soils; permanent seepage less than 30 cm
below the surface


Water removed so slowly that the water
table is at or above the soil surface all
year; organic and gleyed minera l soils


 


10.2.2 NUTRIENT REGIME 


Nutrient regime is an index of the relative amount of essential nutrients that are available for plant 
growth. The determination of nutrient regime requires the integration of many environmental and 
biotic parameters. Soil nutrient regime occurs on a relative scale ranging from very poor (A) to very rich 
(E). Nutrient regime can be determined in the field with assistance of an ecosite classification field guide 
(e.g. Beckingham and Archibald, 1996; Beckingham et al., 1996) or the Ecological Land Survey Site 
Description Manual (Alberta Environmental Protection, 1996).  


Table 10.2. Moisture Regime and identifying characteristics (Beckingham et al. 1996). 
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Ecological nutrient regime integrates many interrelated environmental and biotic factors, which in 
combination determine the actual quantity of nutrients available to plants on a relative scale (Alberta 
Environmental Protection, 1996). To determine nutrient regime it is important to integrate the 
following: soil texture, soil coarse fragment content, soil depth, humus form, presence of Ah horizon, 
presence of Ae horizon, soil pH, depth to carbonates, and presence of nutrient rich seepage waters. 
Figure 10.18 provides a summary of some of the variables that influence the availability of nutrients for 
plant growth. 


 


Figure 10.18. Nutrient regime characteristics (From Beckingham et al. 1996). 
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10.2.3 EDATOPE 


An edatope is a soil moisture/nutrient grid that displays the potential ranges of combinations of 
moisture regime and nutrient regime (Beckingham and Archibald, 1996). Each location on the edatope 
defines a specific combination of soil moisture and nutrient conditions. Figure 10.19 depicts an edatope 
with the location of ecosites from the central mixedwood region of northern Alberta. The edatope 
presented in Figure 10.20 is slightly different than the northern Alberta ecosite classification edatope. It 
is used throughout the Silviculture Guide to present information about the distribution, adaptation, 
productivity, and potential deployment of plant species relative to moisture and nutrient regime.  


 


 


 


Figure 10.19. Edatope illustrating the moisture and nutrient conditions of ecosites from 
northern Alberta. 







Alberta Silviculture Guide   26 | P a g e  


 


RegNutrient ime


M
oi


st
ur


eR
eg


im
e


Xeric 2


Subxeric 3


Submesic 4


Mesic 5


Subhygric 6


Hygric 7


Subhydric 8


Hydric 9


Very
Poor


A
Poor


B
Med.


C
Rich


D


Very
Rich


E


D1


D2


F1 F2 F3


M1 M2


W1 W2


M3


W3 W4


M5


W5


V1 V2 V3 V4 V5


M4


 


Figure 10.20. Edatope used in the Alberta Silviculture Guide. (D=dry; F=fresh; M=moist; W=wet; 
V=very wet). 


10.3 THE SEVEN ABIOTIC LIMITING FACTORS  


This section describes the seven abiotic limiting factors that can limit or inhibit the establishment, 
growth and development of forest ecosystems. The limiting factors are assessed by identifying the 
abiotic constraint variables that are present on a site (see Section 10.1). The seven abiotic limiting 
factors are:  


1. Moisture Regime (MR) low (xeric to sub-mesic) 
2. Moisture Regime high (sub-hygric to hydric) 
3. Nutrient Regime (NR) low (very poor to medium) 
4. Cold soil 
5. Frost Pocket 
6. Frost Heave 
7. Winter Injury 


The Abiotic Constraint Diagnostic Table (Table 10.3) utilizes the factors described above in section 10.1 
and 10.2 to diagnose the presence and potential severity of the seven limiting factors. The diagnostic 
table is a simplification of the Abiotic Constraint Diagnostic Tool that was included with version one of 
the guide. 
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MOISTURE REGIME LOW LIMITING FACTOR 


Moisture regime low limiting factor identifies moisture regimes that are potentially limiting to the 
establishment, growth, and development of forest ecosystems because of a lack of moisture. It primarily 
diagnoses sites that are submesic and drier with severity of the limitation increasing as moisture regimes 
become drier. See Section 10.1 and 10.2 for a description of abiotic constraint variables and moisture 
regime, respectively.  


MOISTURE REGIME HIGH LIMITING FACTOR 


Moisture regime high limiting factor identifies moisture regimes that are potentially limiting to the 
establishment, growth, and development of forest ecosystems because of excess moisture. It primarily 
diagnoses sites that are subhygric and wetter with severity of the limitation increasing as moisture 
regimes become wetter. See Section 10.1 and 10.2 for a description of abiotic constraint variables and 
moisture regime, respectively. 


NUTRIENT REGIME LOW LIMITING FACTOR 


The nutrient regime low limiting factor identifies nutrient regimes that are potentially limiting to the 
establishment, growth, and development of forest ecosystems. It tends to diagnose sites that are 
nutrient poor and very poor. See Section 10.1 and 10.2 for a description of abiotic constraint variables 
and nutrient regime, respectively.  


COLD SOIL LIMITING FACTOR 


Heat is both absorbed at and lost from the surface of the soil. Temperature at the surface can change in 
daily cycles. The soil transmits heat downward when the temperature near the surface is higher than 
the temperature below and heat upward when the temperature is warmer within the soil than at the 
surface (Soil Survey Division Staff 1993). Soil temperatures at various depths within the soil follow 
cycles. The cycles deeper in the soil lag behind those near the surface (Soil Survey Division Staff 1993). 
The amplitude and depth of temperature cycles will be depressed the deeper the organic matter is on 
the soil surface. Mean annual temperature is one of several useful values that describe the temperature 
regime of a soil. Variables such as the presence of cold air drainage, low evapo-transpiration, the 
presence of permafrost, and high water tables are related to and diagnostic of cold soil temperatures.  


Respiration, as a controlled and multiple-stepped combustion of carbohydrates, provides energy for 
various cellular activities, as well as carbon skeletons for biosyntheses of functional and structural 
substances (Huang et al. 2005). In roots, respiratory energy is used for nutrient uptake, growth and 
maintenance, and symbiotic processes and defense (Martinez et al. 2002). Cold soils limit the respiration 
rate in roots and reduce the amount of energy available for nutrient uptake, root growth, and root 
maintenance, as well as for symbiotic processes and defense. Respiration of young roots is much higher 
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and much more sensitive to temperature than old roots (Desrochers et al. 2002). This means that tree 
seedlings may be particularly sensitive to cold soils. 


The cold soil limiting factor identifies soil temperature profiles that are potentially limiting to the 
establishment, growth, and development of forest ecosystems. See Section 10.1 for a description of 
abiotic constraint variables. 


FROST POCKET LIMITING FACTOR 


The frost pocket limiting factor identifies areas where frost and cold air temperatures are potentially 
limiting to the establishment, growth, and development of forest ecosystems. Section 10.1 describes 
cold air drainage and the formation of frost pockets.  


FROST HEAVE LIMITING FACTOR 


Soil frost heaving is the result of the formation of ice lenses in the soil caused by a segregation of the soil 
water. Ice lenses grow by drawing in liquid water from the unfrozen soils from below. Frost heave 
hazard is the risk of newly planted trees being forced out or partly out of the soil as ice lens formation 
causes an uplift of the surface soil. Frost heaving may greatly reduce growth and survival of forest tree 
seedlings, particularly in regions where freezing and thawing are accompanied by high soil moisture 
regimes (Goulet 1994). 


The most susceptible soils are those with intermediate permeability and water tension (Heidmann 
1976). Sandy soils are very permeable but exhibit low tension due to larger air spaces between particles. 
Conversely, clay soils exhibit high tension but low permeability (Racey et al. 1989). Fine-textured surface 
horizons with a high silt content and imperfect drainage are especially susceptible. Topographic position 
can be an important determinant of frost heave susceptibility, with depressions being most susceptible 
(Corns and Annas 1986).  


A few methods, such as fertilizing, choice of planting spots, sowing or planting at the proper time, 
shading, and use of mulches appear to be effective in controlling frost heaving (Goulet, 1994). 
Resistance to frost heaving increases with seedling size, as the ability of a seedling to anchor itself 
increases (Goulet, 1994). Frost heave hazard may be reduced by maintaining brush and ground cover, or 
an intact organic layer around tree seedlings (Singh 1976, Comeau et al. 1982, Corns and Annas 1986, 
Goulet 1994). 


The frost heave limiting factor identifies soil conditions that are potentially limiting to the establishment 
of trees by planting. See Section 10.1 for a description of abiotic constraint variables. 
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Table 10.3.  Abiotic Constraint Diagnostic Table. 


MR low MR high NR low Cold soil
Frost 


pockets


Frost 
heave 
hazard


Winter 
Injury


Coarse Fragments >50% ++ -- +++ --
Coarse Fragments 20 to 50% - - ++


Cold Air Drainage-Yes - ++ +++ + ++
Depth to Calcareous Zone (< 15 cm) ++


Depth to Calcareous Zone (< 15 to 50 cm) +
Evapotranspiration Potential-High + -- -- -- ++
Evapotranspiration Potential-Low - + ++ ++ +


Extent of temporary standing water hazard >15% --- +++
Extent of temporary standing water hazard 5-15% -- ++


Insulating surface organic layer - +++
Mottles Present (< 30 cm) -- +++ +


Mottles Present (30 to 60 cm) - + +
Permafrost-Yes - +++ +++ ++++ ++ +++


pH < 5 ++
pH 5 to 6 +


Position-DEPRESSION - ++ ++ +++ + --
Position-LOWER or TOE - ++ -- ++ +


Position-RIDGE CREST or UPPER - -- ++ - --- -- +++
Root Restricting Layer or Bedrock (< 30 cm) - ++ +++


Root Restricting Layer or Bedrock (30 to 40 cm) - + ++
Seepage Not Present -


Seepage Present -- +++ -- ++
Slope Gradient (> 35%) ++ -- - -- --


Slope Gradient (15 to 35%) + - - - -
Soil Effective Texture-Coarse (S, LS) ++ -- +++ ---


Soil Effective Texture-Fine (SiCL,CL,SC,SiC,C,hC) - ++ -- +
Soil Effective Texture-Silty (SiL,Si) - +++


Water Table Depth < 30 cm or Gleying < 15 cm --- ++++ ++ ++
Water Table Depth > 30 cm or Gleying 15 to 30 cm -- +++ - +


Winter Desiccation Hazard-Yes ++++  


Positive indicators (+) and negative indicators (-) are shown.  Magnitude of indication is derived from the 
Abiotic Constraint Diagnostic Tool provided with version one of the Guide.  


Note: it is possible for a site to contain both positive and negative diagnostic indicators or no indicators 
at all.  The table is a support tool and does not replace professional judgement. 
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2 SILVICULTURE STRATEGIES 


Integration of silvicultural treatments into a comprehensive strategy is a vital component of successful 
reforestation. Successful integration ensures that treatments coherently address site challenges and work 
together in additive and, potentially, synergistic ways. Synergy means that the silvicultural effects of 
integrated treatments may be greater than the sum of the individual treatment effects. 


Wagner (2000) suggested that the current silvicultural paradigm attempts to guide plant community 
development in a desired direction. This may be best accomplished by a series of well-timed “nudges” 
rather than by a single “hammer blow.” The integration of treatments into a strategy involves identifying a 
coherent series of potential nudges and anticipating when they might be used with best effect. 


2.1 KEY COMPONENTS 


Successful, integrated silviculture strategies rely on several critical principles including anticipation, 
proactivity, promptness, focus, balance, and cost effectiveness.  


ANTICIPATION 


Anticipation refers to the identification of potential challenges to reforestation success when formulating 
the silvicultural prescription. For example, reedgrass competition can be anticipated to pose a substantial 
problem to reforestation success on the site shown in Figure 2.1. In this instance, silviculturists should 
anticipate the need to overcome reedgrass competition when prescribing site adjustment treatments, 
selecting propagules, and planning stand tending treatments. 


PROACTIVITY 


Proactivity is acting on anticipated challenges before they can impact development of the plant community. 
That is, by anticipating the need for treatment and acting to prevent, avoid or ameliorate the negative 
effect before it can alter the successional or growth trajectory of a developing stand. As with most 
biological interventions, silvicultural treatments are more successful when used to maintain rather than 
shift a stand’s trajectory. 


PROMPTNESS 


Promptness refers to the deployment of treatments in a timely manner. Promptness in implementing 
silvicultural treatments increases the probability that the treatment will have the desired outcome. 
Promptness is not “early” treatment; rather, it is treatment at the right time for maximum benefit to the 
development of the stand. 
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Figure 2.1 Reedgrass in the understory of an open mixedwood stand. 


Promptness is of particular importance when using herbicides for herbaceous competition control in 
mixedwood management. The recovery of deciduous species from herbicide effects is far greater if the 
herbicide treatment occurs within three years of harvest (recovery in this context refers to density and 
presence not to recovery of individuals). Therefore, if a broadcast herbicide treatment is to be used for 
herbaceous vegetation control in openings where mixedwood composition is desired, it should occur within 
three-years post-harvest. This is not to imply that deciduous recovery from herbicide treatment will be 
complete, though it may suffice to meet mixedwood stocking and density requirements. 


Another example of promptness is delaying vegetation management treatments intended to control aspen 
when white spruce is at risk of winter injury – until the white spruce is sufficiently established on site to 
cope with the drivers of winter injury. This approach accepts a certain reduction in growth of the white 
spruce due to aspen competition in exchange for a possible facilitative effect should conditions conducive 
to winter injury arise. This trade-off may be justified by the substantial negative impact of winter injury, 
which can include considerable mortality. 


Thus, promptness in silviculture might be termed “right timing” of treatment or “just in time treatment”. 
Promptness integrates the likelihood (i.e. risk) of deleterious effects with benefits of treatment and is 
generally the mark of an experienced silviculturist. It may also present challenges, for example on sites 
where early herbaceous weed control will benefit white spruce but will compromise aspen facilitation of 
spruce should winter injury conditions arise. In such situations the silviculturist may choose to ‘straddle’ the 
challenge by targeting treatment to areas of herbaceous vegetation only thereby addressing the core of the 
challenge without substantially impacting what nurse effect the aspen offer. 
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FOCUS 


Silvicultural effort should focus at two levels: 


• First, effort should focus on the specific challenge or challenges being addressed by the current 
treatment and ensuring that the treatment is appropriate. For example, site adjustment treatments 
generally address both abiotic and biotic concerns. Therefore, when prescribing site adjustment 
treatments, silviculturists should ensure that treatments are appropriate to ameliorating the site’s 
limiting factors. For example, elevated microsite treatments, while highly effective on sites with 
wet, cold soils, are an inappropriate choice for ameliorating a lack of soil nutrients on a dry site. 
Conversely, mixing with drags, while highly successful on dry, nutrient-poor sites, would not be 
chosen to address an over-abundance of soil moisture. 


• Second, attention must be given to longer term and broader scope objectives. This ensures that 
treatments addressing current challenges do not compromise broader or longer term objectives. 
Managing for mixedwood composition puts considerable emphasis on this approach. It is difficult to 
replace deciduous saplings lost to silvicultural intervention because deciduous regeneration 
generally arises from a leave-for-natural regeneration strategy. Therefore, silvicultural treatments 
prescribed for coniferous benefit should be carefully evaluated prior to deployment for potential 
impacts on the deciduous crop. If treatments will have a negative impact on the deciduous crop, 
consideration should be given to adjusting how treatments are deployed and/or using ameliorative 
actions to ensure mixedwood objectives are not compromised. 


BALANCE 


Silviculture prescriptions should not rely entirely on the success of a single treatment. Instead, risk should 
be spread across treatments as this generally increases the probability of success. It also allows 
silviculturists to reduce the intensity of what would otherwise have been a critical treatment. 


For example, on a site where reedgrass competition is anticipated to pose a substantial challenge to 
reforestation success, the silviculturist might choose glyphosate herbicide as the primary treatment to 
address this challenge. However, should the site be treated in a very dry year, effectiveness of the herbicide 
might be reduced and the entire silviculture prescription compromised. Conversely, failure of the herbicide 
treatment would not necessarily compromise success if the silviculture prescription relied on a sequence of 
treatments to address the reedgrass challenge, for example, site adjustment treatment using elevated 
microsites, medium size physiologically conditioned seedlings, and stand tending with glyphosate herbicide. 


COST EFFECTIVENESS 


The cost of reforestation is second only to transportation of mill furnish for most coniferous-based forest 
enterprises. Therefore, silviculturists are usually focused on cost management. Cost management can take 
the form of cost minimization or of maximizing cost effectiveness. Cost minimization is difficult to 
implement in the face of the many uncertainties that attend reforestation. For example, reducing site 
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adjustment costs by line mounding a hygric site may have little impact on reforestation success if 
establishment occurs over a period of dry years. Furthermore, such a cost minimization strategy may result 
in failure if establishment occurs over a wet period. Therefore, managing for cost effectiveness may be a 
better means of ensuring reforestation success at an acceptable cost than cost minimization. Cost 
effectiveness focuses on prescribing a suite of treatments that have an acceptable probability of achieving 
the desired silvicultural outcome while considering overall silvicultural cost. A critical component of the 
cost effectiveness approach is ensuring that the silviculturist and woodlands management personnel 
have a similar understanding of what constitutes “an acceptable probability of success.” 


Silviculturists are encouraged to engage management in a conversation about maximizing cost-
effectiveness rather than minimizing cost on a philosophical or principle basis prior to discussing specific 
sites or prescriptions.  This approach will likely require an adjustment on the part of both players; 
silviculturists will need to accept the possibility that sites do not achieve their specific target may be 
acceptable, while managers will need to accept that proactive expenditures to mitigate risk may be more 
cost effective overall. The performance-based approach to assessing reforestation outcomes in Alberta 
facilitates this approach. The critical assumption in taking this approach is that overall growth of the forest 
estate will not be compromised; for each site where the target is not achieved another site that over 
achieves reforestation performance must exist. 


2.2 INTEGRATION 


Integration is the vehicle whereby silviculturists develop coherent, long-term prescriptions (strategies) as 
discussed in Section 2.1. The Silviculture Guide is designed to integrate discrete treatments into 
encompassing prescriptions. There are several parallel flowcharts included in the Guide that provide 
silviculturists a vehicle to integrate prescriptions from a wide range of starting points. 


Only by integrating discrete treatments is the silviculturist able to optimize treatment effectiveness with a 
cost effective silvicultural plan. Successful integration depends on several factors, including: 


• Clarity in management objectives – regarding both the desired composition and structure of 
mixedwood stands and yield expectations (clarity on desired rotation length may be an adequate 
surrogate given the dearth of managed mixedwood yield data). 


• Understanding component treatments and how they influence both deciduous and coniferous 
reforestation success. 


• Understanding potential interactions between treatments and how trade-offs between them can 
be made. This is particularly important when considering site adjustment and propagule selections. 


• A quantitative understanding of reforestation success on the silviculturist’s own operating limits. 
This means silviculturists must monitor treatment success in terms of site, timing, and silvicultural 
context (i.e., other treatments, climatic conditions, and other biotic influences). 


• Agreement between the silviculturist and woodlands management on acceptable levels of risk 
regarding both financial expenditure and silvicultural failure. 
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2.2.1 SETTING MIXEDWOOD COMPOSITION AND STRUCTURAL OBJECTIVES 


It is beyond the scope of this Guide to provide forest management objectives; the silviculturist must refer 
to the Detailed Forest Management Plan that applies to the area for which prescriptions are being made. 
However, the following terminology has been developed to help silviculturists use the Guide to meet 
mixedwood objectives. Note that percent composition is in terms of density. 


• Coniferous – refers to a stand condition with at least 80 % coniferous composition. 
• Conifer leading – refers to a stand with more than 50 % but less than 80 % coniferous composition. 
• Deciduous leading – refers to a stand with more than 50 % but less than 80 % deciduous 


composition. 
• Deciduous – refers to a stand with at least 80 % deciduous composition. 
• Intimate mixedwood (salt and pepper) – a mixture where spatial separation of species is on the 


scale of a few meters or less (Kabzems et al. 2007). 
• Aggregated mixedwood – a condition wherein white spruce and aspen are managed as discrete, 


separate entities within an opening. Within aggregations some influence of each species on the 
other is maintained. 


2.2.2 MONITORING 


Like management objectives, monitoring is beyond the scope of this guide. However, a sound monitoring 
program is critical to reforestation success. Operational monitoring of silviculture strategies and treatments 
provides a quantitative basis for estimating reforestation success and the ability to quantify the probability 
of failure. This can be done from operational treatments if the following conditions are met: 


1. Detailed treatment records are maintained on both temporal and spatial criteria. With the advent 
of GIS-based silviculture tracking systems, this means reporting treatments in both tabular and 
spatial formats. This ensures that silviculturists will know what they are monitoring. 


2. Documentation of silviculture strategies takes place. Silviculturists must explicitly document 
silviculture strategies either at the site level (i.e., define strategies by moisture and nutrient regime 
or by ecosite) or at the block level. For ease of workload, site level documentation accompanied by 
block level site classification is suggested. This provides structure for linking silviculture strategies 
to openings. 


3. When testing or adopting a new treatment a small untreated area should be left in larger 
treatment units. Leaving small untreated areas provides a reference as to specific treatment 
effectiveness, which is particularly useful in assigning value to a treatment. Effectiveness versus 
cost provides an excellent ranking system for disparate treatments. It is especially important to 
leave untreated areas on the same site type as the bulk of the treated area lest the evaluation of 
treatment effectiveness be flawed. 
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2.3 SETTING SILVICULTURAL STRATEGIES 


This section offers some guidance in setting silvicultural strategies. It is offered as an example and follows 
the same logical flow as the more site–specific prescription flowcharts in Section 3 of the Guide. The 
primary focus of this section is to help practitioners integrate the strategic concepts offered in Sections 2.1 
and 2.2 above. Other approaches to setting strategies are viable and may be more appropriate to specific 
circumstances. In fact, it is suggested silviculturists use this example only as a model to expand or refine the 
generic strategies in Section 3 making them more coherent with their forest management practice. 


Silviculture strategies must be adaptive and iterative; however, a step-wise approach to strategy 
development is offered as it provides greater clarity in decision-making and data needs. Figure 
2.2 is a flowchart of the strategy-setting example.  


2.4 STRATEGY CAPTURE AND EVALUATION 


Silviculturists should record or capture and retain silviculture strategies to facilitate monitoring and process 
improvement. Capture should be at the ecosite–edatope level as this approach aligns with the approach to 
prescription development taken in the Guide. 


Regardless of its format, strategy capture should be associated with specific openings in a GIS, in block files, 
or both. As regeneration success is measured using survival surveys, assessment surveys, regulatory 
surveys, and, ultimately, a comparison of reforested stand growth to forest management planning 
expectations, the silviculturist should evaluate the effectiveness of the captured strategies. This process 
would likely be facilitated by compiling both strategies and success in a GIS environment. Once sufficient 
data is accumulated, silviculture success by site condition and strategy could be analyzed using the Boolean 
logic (true-false, present-absent) inherent to GIS systems. Thus, capturing decisions at all stages, beginning 
with the pre-harvest stage, fosters iterative decision-making around strategy development and creating 
effective, quantitative feedback loops from silvicultural outcomes to process. 
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Figure 2.1 Example Process for Setting Silvicultural Strategies. 
 


2.5 SILVICULTURAL FAILURES 


Despite the best efforts of silviculturists, silviculture treatments and strategies may fail. This section 
addresses how to deal with feedback from failures, and using silvicultural treatments to remedy failure. 


 


2.5.1 ADJUSTMENTS TO SILVICULTURAL PROCESSES 
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When failure occurs silviculturists should consider the following questions: 


1. Is the failure a result of a treatment failing or a result of the strategy failing? 
a. Treatment failures can be described as treatments not achieving the desired effect. 
b. Strategy failures can be described as treatments achieved the desired effects but the 


strategy did not achieve the silvicultural objective. 
2. If the failure is the result of a treatment failure, why did the failure occur? 


a. Was failure a result of untoward conditions compromising treatment effectiveness? For 
example, deep frost could prevent successful site adjustment, or drought could 
compromise herbicide efficacy. 


b. Was failure a result of inadequate delivery of the treatment? For example, poor tree 
planting quality. 


c. Was the failure a result of tardy delivery of the treatment? For example, a stand tending 
treatment delivery after considerable competition-induced mortality of the conifer 
component of the stand. 


d. Was failure a result of the treatment being used inappropriately? For example, use of 
mixing site preparation with heavy drags on a hygric site with a deep organic matt. 


3. If failure was the result of a strategy failing, what factors caused the failure? 


By answering these questions the silviculturist will be guided to adjustments in strategy development, 
treatment selection, or treatment implementation. 


For treatment failures: 


• An affirmative answer to question 2a demonstrates a limitation to the treatment in question 
thereby helping the silviculturist better focus use of the treatment.  


• An affirmative answer to question 2b or 2c demonstrates an operational failure that suggests 
improvements to operational procedures should be explored. 


• An affirmative answer to question 2d demonstrates a failure in prescription which should be 
explored to determine if the limitation that was not overcome, was not identified when making the 
prescription, or if the silviculturist misapprehended the effectiveness of the treatment prescribed. 


For strategy failures, the silviculturist should revisit the decision-making process. This information should be 
examined in light of the failure to determine if the potential negative impact of constraints was 
underestimated, treatment (or combined treatment) effectiveness was overestimated, or elements critical 
to success such as anticipation and promptness were missed in making or implementing the prescription. 


Once causal factors are identified the silviculturist should refine the silviculture strategy and/or treatment 
prescription/implementation processes, as appropriate. 


 


2.5.2 REMEDIAL TREATMENTS 
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Once the cause of failure has been identified, the silviculturist is equipped to prescribe remedial 
treatment(s). Remedial treatments are more limited in scope, more demanding to implement, and less 
likely to succeed than initial treatments. Therefore, the silviculturist may wish to consider changing the 
silvicultural objective to better match site conditions instead of pursuing remedial treatment. 


Unless they are due to selection of an inappropriate treatment, treatment failures should be addressed 
differently than failures in strategy. If identified promptly, failed treatments may simply be repeated, 
provided adjustments are made to ensure the desired effect will be achieved. For example, if frozen soil 
prevented a successful mixing site adjustment with a power disk trencher, mixing might be repeated using 
a ripper plough. Note that should site adjustment or propagule deployment (planting or seeding) 
treatments require repeating, all subsequent treatments in the silviculture strategy will likely need to be 
repeated as well. 


When repeating treatments due to failure, silviculturists should consider the impact of previous treatments 
on the site. For example, if a site was previously treated with raised microsite site adjustment treatment 
with a large excavator, this may prevent a remedial site adjustment treatment such as a linear or mixing 
treatment. In cases like this the silviculturist may be forced to use a treatment that addresses only a part of 
the challenge posed by the site. In the previous example, if part of the site adjustment treatment failure 
was due to poor competition control, the silviculturist may choose to control competition with herbicide 
rather than re-deploy a site adjustment treatment. 


It is particularly important to carefully monitor the success of remedial treatments, as prompt post-
treatment corrections to possible failures becomes even more critical when failed treatments have already 
compromised desired silvicultural outcomes. 
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1 INTRODUCTION 


This chapter describes the process used to develop the generic prescription flowcharts and how to apply 
them.  The flowcharts follow immediately after the text. The text and flowcharts are aligned to enable 
practitioners to follow a specific flowchart while reading this chapter. To choose which flowchart to 
follow the silviculturist should place the site being prescribed on the modified edatopic grid and use that 
location plus the reforestation objective to select the appropriate flowchart. 


The approach taken is one of identifying and remediating constraints on tree establishment and growth. 
This approach is premised on Blackman’s Law of Limiting Factors1 which posits that growth in plants is 
limited to the rate set by the “lowest” limiting factor. Further, Blackman demonstrated experimentally 
that removal of a single limiting factor while increasing growth did not result in optimum growth due to 
the “next lowest” limiting factor then setting the rate of growth. Therefore, to successfully ensure plant 
survival and growth the silviculturist must identify the suite of key limiting factors inherent to the site 
and ameliorate all of them to an extent sufficient to result in the level of growth desired. In this context, 
survival is simply the least common denominator of growth – without survival there can be no growth. 


The approach taken to making the initial silvicultural prescription, then, is to identify the suite of 
constraints that trees attempting to establish and grow on the site will encounter. These include both 
the abiotic and biotic factors that influence the ecosystem. (An abiotic factor is a nonliving condition or 
thing, such as climate or habitat, that influences or affects an ecosystem and the organisms in it: 
Abiotic factors can determine which species of organisms will survive in a given environment.2  A biotic 
factor is a  living thing, such as an animal or plant, that influences or affects an ecosystem.3) By 
addressing both major categories of constraint the silviculturist can enable desired tree species to 
establish and grow (at desired or expected rates) on the site.  


Blackman’s Law of Limiting Factors also demonstrates another important consideration in the 
amelioration of constraints: amelioration of key or major constraints will not result in unlimited growth 
as other, less prominent constraints will then act to limit growth. This means, in effect, that the 
silviculturist must decide what level of amelioration of constraints will suffice to achieve the desired 
objective.  


By taking this approach the silviculturist is able to more efficiently achieve desired objectives AND 
mitigate the risk inherent in working with natural systems. Efficiency here refers to both cost 
effectiveness and time demand posed by silvicultural activities. In most cases, silvicultural practice is 
limited by financial resources and the availability of human resources to achieve desired outcomes. This 
approach accepts those realities and seeks to empower the silviculturist to succeed in that context. 


                                                           
1 http://www.biologydiscussion.com/photosynthesis/blackmans-law-of-limiting-factors-and-his-criticism-
photosynthesis/23006 
2 www.dictionary.com/browse/abiotic-factor 
3 www.dictionary.com/browse/biotic-factor 



http://www.biologydiscussion.com/photosynthesis/blackmans-law-of-limiting-factors-and-his-criticism-photosynthesis/23006

http://www.biologydiscussion.com/photosynthesis/blackmans-law-of-limiting-factors-and-his-criticism-photosynthesis/23006

file://edm-svr1/projects/AP%202016/AP%2016-00451%20to%2016-00500/16-00500%20FRI%20FGROW%20Mixedwood%20Silv%20Guide/2016%20hard%20copy%20project/text%20updates/step%201%20round%20one%20revision%20from%20Milo/www.dictionary.com/browse/abiotic-factor

file://edm-svr1/projects/AP%202016/AP%2016-00451%20to%2016-00500/16-00500%20FRI%20FGROW%20Mixedwood%20Silv%20Guide/2016%20hard%20copy%20project/text%20updates/step%201%20round%20one%20revision%20from%20Milo/www.dictionary.com/browse/biotic-factor
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2 SET OBJECTIVES 


Alberta has led Canada in developing reforestation standards4 that measure reforestation success 
against forest management planning assumptions. That is, the silviculturist is expected to establish 
stands that quantitatively attain the composition, structural and growth expectations that were used to 
forecast harvest levels in the forest management planning process. Reforestation success, then, is 
stands of a composition and structure growing at rates used to project the future fibre supply as 
measured in an assessment at 14 years after harvest. By including composition and structural objectives 
the reforestation standard implicitly addresses the range of ecological goods and services beyond simple 
fibre supply, including habitat for an array of both plant and animal species, water quality, water 
quantity, air quality, and a wide array of human cultural benefits and uses.  


While laudable, the Reforestation Standard for Alberta places substantial responsibility on the 
silviculturist to develop both long and short term reforestation objectives. The silvicultural prescription 
must link the site to be reforested to the forest management planning objectives and to provincial 
minimum standards for reforestation. The forest management planning objectives determine fibre 
production requirements (i.e. growth) and provincial reforestation standards set composition objectives. 
Composition objectives may also be determined by forest management plan “transition” rules that set 
out changes in composition as part of the management planning process. Composition expectations are 
defined by species dominance:  


• Conifer refers to stands that are dominantly coniferous in composition with only “incidental” 
(<20%) deciduous composition;  


• Conifer leading or Coniferous-Deciduous have, at least, 50% coniferous composition and 20% 
deciduous composition; 


• Deciduous leading stands have, at least 50% deciduous composition and 20% coniferous 
composition; and 


• Deciduous stands are dominantly deciduous in composition with only “incidental” (<20%) 
coniferous composition. 


These broad compositional categories are refined in the forest management planning process based on 
species and often site or growth capability. The silviculturist must effectively translate management 
planning expectations into measurable short-term (5-8 year) and medium-term  (14 year) objectives of 
species composition, density and height growth that will result in species mixtures and growth 
outcomes that meet forest management planning expectations when modelled at 14 years after 
harvest. The easiest approach to setting silviculture objectives is to first consider what it would take to 
replace the stand that was harvested and then amend that “base prescription” to meet management 
planning expectations.  


                                                           
4 http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/formain15749/$FILE/ReforestationStandardAlberta-
web.pdf 



http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/formain15749/$FILE/ReforestationStandardAlberta-web.pdf

http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/formain15749/$FILE/ReforestationStandardAlberta-web.pdf
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It is critical when making mixedwood silvicultural prescriptions that the silviculturist recognize that 
deciduous silviculture is largely “subtractive” in nature. Because aspen reforestation depends almost 
entirely on regeneration from rootstocks present on the site the silviculturist can do very little to 
increase aspen abundance or distribution on the site. Conversely, many silvicultural treatments used 
to enhance coniferous abundance or growth may, deliberately or inadvertently, reduce aspen 
abundance or distribution. 


Conversely, coniferous regeneration is largely additive; silviculturists have an abundance of tools and 
techniques to increase the abundance of coniferous trees and to enhance their growth on reforestation 
sites. As mentioned above, when deploying conifer enhancement treatments in a mixedwood context 
the silviculturist must consider their impact on deciduous regeneration success. 


Reforestation objectives should describe reforestation outcomes in terms of: 


• Coniferous species – describe the dominant coniferous species desired on the site; this may be a 
single species or a mixture of coniferous species. The conifer objective should include desired 
density and growth at assessment time. 


• Deciduous species – while aspen is generally the desired deciduous species it must be explicitly 
included in the reforestation objective to ensure it is given adequate consideration in 
developing the reforestation prescription. 


• Species composition –describes the proportion of hardwood and softwood species desired in 
the forest community being established. Species composition can be quantitatively expressed as 
desired stocking (site occupancy) levels of hardwood and softwood species at assessment times. 


• Species aggregation – describes the smaller scale relationship between the species 
compromising the new stand. Aggregations can be: 


o Intimate – where species occur in close proximity throughout the new stand. 
o Aggregated – where species are found in clumps that are distributed across the area 


occupied by the new stand. 
o Segregated – where a portion of the reforested area is occupied only by deciduous 


species and another portion of the reforested area is occupied by coniferous species. In 
general, segregated aggregations are not treated as mixedwoods from a management 
planning perspective. 


3 PRINCIPLES IN MAKING SILVICULTURAL PRESCRIPTIONS  


The following principles were used to develop the generic prescriptions provided in the flowcharts 
contained in this section of the Guide. These same principles should be used by the silviculturist to 
refine the generic prescriptions into specific prescriptions for individual sites.  


1. Management of biological systems is generally more successful if it relies on a sequence of 
interventions rather than a single overwhelming treatment. This means that silvicultural practice 
is more likely to be successful (and cost effective) if it uses a series of “nudges” to shift the plant 
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community on the reforestation site toward the objective. “Nudges” are treatments that do not 
set out to achieve the desired outcome in a single treatment. For example, using a line mounder 
to address cold, wet soil while planning to follow with a conifer release herbicide to control 
reedgrass is a “nudge”; whereas using a hoe mounder to make large heavily mineral soil capped 
mounds is a single treatment approach to addressing cold, wet soil and reedgrass. 


2. Manage overarching constraints first. Overarching constraints are the big factors that effectively 
define the site. Most often, they are abiotic in nature and set the bounds for what species are 
able to establish and grow on the site. In the Guide, the following abiotic constraints have been 
treated as overarching: lack of soil nutrients, cold soil, wet soil, and lack of soil moisture. 
Overarching constraints are, in effect, those constraints that define the overall ability of the site 
to sustain a forested condition. Only by addressing these overarching constraints can the 
silviculturist direct the site toward a desired forest condition. This contention is illustrated by 
the shrublands or Boreal savannahs that arose from early reforestation efforts in Boreal Alberta. 


3. Aspen regeneration relies on the existing clonal root mass of aspen which is highly susceptible 
to damage by forest harvesting or reforestation activities. Relying on natural regeneration of 
aspen means that harvesting and reforestation activities must anticipate potential negative 
impacts on aspen and seek to prevent them. In particular, soil compaction during harvest or 
reforestation, or herbicide treatments for competition control can compromise successful aspen 
regeneration.  


4. Anticipate the likely impact of managing overarching constraints on other biotic components of 
the new forest. Many other plant species (besides trees) are constrained by the same 
overarching constraints that limit tree survival and growth – these species respond (often more 
quickly than coniferous trees) to amelioration of overarching constraints. If the silviculturist 
does not anticipate the impact of the changes in other biotic components of the forest 
ecosystem they may overwhelm desired tree species before a reactive response can ameliorate 
them. Marsh reedgrass is an archetypal example of such biotic components, particularly when 
shearing or mixing site adjustment treatments are used to ameliorate the constraint(s) of wet 
or/and cold soils.  


5. Treatments selected to “nudge” plant communities should be integrated to ensure effectiveness 
and efficiency. Nudging plant community development in a desired direction will be more 
successful if treatments are selected to complement each other and sustain the movement of 
the plant community. Constraints to forest establishment and growth are frequently not 
overcome. Rather, they are ameliorated, which means they are likely to reassert themselves at 
some point. By selecting complementary treatments, the period of amelioration is extended and 
desired plant species are given more of an opportunity for long-term success. As discussed in 
the previous principle other plant species often benefit from amelioration of constraints. 
Integration of treatments supports the silviculturist in anticipating and ameliorating these 
emergent challenges. Frequently, integration of treatments will result in a multiplicative impact 
on the long-term performance of trees. For example, using a raised microsite to ameliorate cold, 
wet soil followed by planting seedlings physiologically conditioned to grow roots in preference 
to tops for the first growing season, and following with a herbicide treatment a few seasons 
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after planting to reduce reedgrass competition can result in many-fold greater growth of white 
spruce than simply raising the microsite to ameliorate cold, wet soil and planting with seedlings 
designed to grow both tops and roots immediately. Note that this pre-supposes good stock 
handling and storage during implementation of the planting prescription; maintenance of stock 
quality and vigor during deployment is key tenet of successful silviculture. 


6. Identify potential stochastic risk factors and consider them in the prescription. Stochastic risk 
factors may or may not occur during the timeframe when seedlings or suckers are susceptible to 
them. They include both abiotic (winter injury, intermittent flooding, frost heaving) and biotic 
(ungulate browsing, rodent girdling, insect predation) factors. Because these factors are 
stochastic they are more easily overlooked than overarching constraints. However, if they occur 
stochastic factors may compromise success of reforestation. Most often, they do not result in 
complete failure; rather, they result in variation of success across the site. Silvicultural 
prescriptions to address stochastic risk factors may be contradictory. For example, delaying 
herbicide tending of conifers to release them from aspen competition can be used to mitigate 
potential of winter injury by raising trapping snow, thus providing conifers snow cover under dry 
winter conditions. However, this may exacerbate the potential for rodent girdling of the conifer 
by providing them cover to access conifer seedlings. 


7. Look beyond the establishment phase when developing the initial silvicultural prescription. 
When prescribing initial treatments, anticipate “nudges” that may occur after the establishment 
phase and do not compromise the ability to deliver them. Site adjustment treatments, in 
particular, can make movement on foot in treated areas difficult and potentially dangerous; so, 
if ground-based follow up treatments (e.g. patch spraying of herbicides) are anticipated select a 
site adjustment treatment that does not entirely compromise access on foot. 


8. Monitor frequently and quantitatively. The Boreal forest is characterized by substantial variation 
in growing conditions from year to year. Figure 3-1 shows how the scale of variation in total May 
through September precipitation for the Peace River, Alberta weather station over a 50-year 
period as an example. 
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Figure 3.1 Peace River Precipitation (cm) May to September 1959 to 2017. 


This high variability in annual growing conditions in the Boreal causes reforestation success to            
fluctuate dramatically. The fluctuations in reforestation success mean the silviculturist must monitor 
reforestation outcomes frequently with an eye to remediation of failures caused by environmental 
variability. 


4 PRESCRIPTION PROCESS 


The flowcharts accompanying this chapter (Appendix 3) provide generic guidance based on site position 
on the edatopic grid. They were developed using the process shown in Figure 3.2. The silviculturist 
should apply the process (or one of their own) using actual site information to either develop a stand-
alone prescription or to amend/modify the generic prescription to make it site-specific. Figure 3.3 
presents the modified edatopic grid that was used to develop the generic prescriptions. Table 3.1 
provides practitioners who use an ecosite layer to provide initial site assessments with a translation 
from ecosite phase to the modified edatopic grid. 


Mean 
Precip. 
20 cm 
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Figure 3.2. Generalized Approach to Developing a Silvicultural Prescription. 
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Figure 3.3. Modified Edatopic Grid Underpinning Generic Prescription Flowcharts (D=dry; F=fresh; 
M=moist; W=wet; V=very wet). 


 


Table 3.1. Translation of Ecosite to Edatope with suggested composition options. 
 Ecosite  Composition Options 
Edatope WC North   C CD DC D 


D1 a,b a,c  √ √   


D2 c b  √ √ √  
F1 d c  √ √ √ √ 
F2 e d  √ √ √ √ 
F3 f e  √ √ √ √ 


M1-2 d/h g  √ √ √ √ 
M3-4 e/i g  √ √ √  
M5 f/i f  √ √ √  


W1-2 h g/i  √ √ √  
W3-4 i h/j  √ √   
W5 i f/k  √ √   


V1-5 k,j,l,m,n I,j,k,l           
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The prescription process starts with a clearly stated objective that defines composition, species 
(particularly conifer species) and aggregation. The generic prescription flowcharts were developed 
based on the assumption that range of very dry or very wet sites are unsuitable to growing commercially 
viable aspen – on these sites (see Table 3.1) Deciduous and Deciduous leading objectives were excluded 
and only Conifer and Conifer leading objectives were included in the prescription process for these site 
types. The following steps describe how to develop a silviculture prescription or how to refine the 
generic prescriptions to make them more site specific and, therefore, operationally viable. 


4.1 SET OBJECTIVE 


As described above the silvicultural objective is the means of linking site and forest management 
planning assumptions. Forest management planning sets out reforestation expectations based on the 
forest inventory (what was harvested from the site), while site characteristics determine what is 
achievable – particularly in terms of composition and conifer species selection. The more specific the 
objective the less latitude the silviculturist has in developing the silvicultural prescription and in adapting 
the prescription to the stochastic factors which influence silvicultural success. It is suggested that the 
silviculturist set clear objectives as to composition and conifer species while allowing some latitude in 
tree performance. That is, even on potentially high quality sites the silviculturist should allow some 
latitude for the impact of stochastic factors on stand performance. 


For purposes of the Guide, objectives were set as composition, leading or dominant conifer species, and 
aggregation. Where the potential to pursue enhanced conifer growth (over natural stands) is present 
the generic prescriptions offer flexible treatments that might enhance growth. 


4.2 ASSESS SITE  


Ecosite layers or edatopic classification provide a generic approximation of site. That is, the silviculturist 
can identify what major constraints are likely to be encountered. The silviculturist should not rely on 
likely site characteristics to develop the prescription for the following reasons: 


1. Ecosite layers are derived from Alberta Vegetation Inventory (AVI) data and thus are constrained 
in resolution and reliability to the bounds set by AVI. AVI, while a tremendous tool for forest 
management planning, lacks the resolution to be used for site specific prescription. 


2. Cutblocks, though commonly used as the unit of silvicultural prescription, frequently include 
more than a single site type. If a cutblock contains more than one site type the silviculturist 
should develop prescriptions for each site type AND map the boundaries of each site type to 
guide implementation to the specific prescriptions.  


3. Generic mapping of site is generally unlikely to identify the stochastic factors that might limit 
regeneration success – frost pockets, episodic flooding, winter injury. 
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4. While generic site description will identify some potentially limiting biotic factors e.g. aspen or 
balsam poplar competition with coniferous seedlings, it will not identify ALL potentially limiting 
biotic factors, e.g. marsh reedgrass, raspberry, ericaceous competitors. 


The Guide contains a detailed approach to site assessment (Section 10.0). The Guide uses a wide range 
of indicators to diagnose constraints. This approach, while apparently independent of site classification, 
is simply a shortcutting approach. The indicators used in the Guide are the same as those used for site 
classification which is, in turn, used to provide a shorthand assessment of potentially limiting factors.  


Table 3.2 identifies the likely constraining factors associated with the edatopic grid presented in Figure 
3.2. The silviculturist should not rely on remote assessment (like the edatopic grid) to develop the 
silvicultural prescription. The remote assessment should be use to develop the preliminary objective and 
to anticipate likely constraints, which are then confirmed to exist through direct assessment of the site. 


Table 3.2. Over-arching Constraints Likely Associated with Edatope. 
  Overarching Abiotic Factors Overarching Biotic Factors 


Edatope NR 
Low 


MR 
Low 


MR 
High 


Cold 
Soil 


Ericads Herbaceous Reedgrass Shrubs Trees 


D1 √ √    √     
D2  √    √ √    
F1 √ √    √     
F2 √ √    √ √    
F3  √    √ √  √  


M1-2 √     √ √ √ √ √ 
M3-4       √ √ √ √ 
M5       √ √ √ √ 


W1-2 √  √ √   √ √ √ 
W3-4   √ √   √ √ √ 
W5   √ √   √ √ √ 


V1-5 √   √ √     √ √ √ 


The recommended approach to site assessment is to sample frequently across the harvest unit area 
rather than intensively in a single spot. Frequent, distributed sampling will facilitate identification of all 
site types across the unit, facilitating mapping site distribution and thereby ensuring application of 
appropriate prescriptions across the harvest unit. 


At each assessment point soil quality, depth, likelihood of poor drainage (seasonal or long-term) and 
species present should be assessed. This information, along with slope position, landform and landscape 
positioning, will support determination of overarching abiotic factors, stochastic abiotic factors and 
biotic factors. Field assessments should include estimation of the foregoing list of limiting factors which 
should be confirmed by the silviculturist on reviewing the site assessment (unless the site assessment 
was made by an experienced silviculturist).  


In reviewing the site assessment, the silviculturist should identify the presence and severity of limiting 
factors. Presence of limiting factors establishes the need for amelioration, while severity governs both 
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intensity and urgency of amelioration efforts. Severity of limiting factors can also be used to assess risk 
inherent to the site and in the silviculture prescription. Generally speaking, the more severe the limiting 
factors the greater the risk inherent to the site and the higher the likelihood of treatment failure. 
Treatments may not fail specifically due to the risk but, even if the proximal cause of failure is another 
factor, severity of the site predisposed the treatment to failure.  


Overarching constraints are diagnosed first as these constraints will inevitably have a substantial impact 
on the success of reforestation efforts and on the success and productivity of the new forest. In fact, the 
overarching constraints might be described as the fundamental nature of the site.  These factors (cold 
soil, wet soil, lack of soil nutrients) must be ameliorated if reforestation is to succeed.  


Stochastic factors should be diagnosed next. These factors (episodic flooding, winter injury, frost 
pockets, frost heaving) are stochastic in the sense that while the silviculturist can identify that they are 
likely to occur on a specific site, there is no certainty of their occurring or not occurring during the 
establishment timeframe when their occurrence might compromise seedling success. A decision to 
ameliorate stochastic factors, then, is based on the silviculturist’s interpretation of how likely they are to 
occur in the critical timeframe and the risk tolerance of the silviculturist and the employer. More 
discussion of how to assess these risks is included in the Guide (Section 5). 


Presence or likelihood of biotic constraints should be assessed next. Biotic constraints include both 
competing vegetation (Section 5) and other biological factors that might constraint reforestation 
success. Competition potential can be assessed by presence of potential competitors, for example, mere 
presence of marsh reedgrass in a pre-harvest stand is a clear indication of high likelihood of severe 
reedgrass competition in the reforested stand.  


Competition potential also has a clear linkage to site quality (Figure 3.4). Those sites with few 
constraining factors are much more likely to have high levels of competition than are sites with 
constraining factors resulting in less tree growth than on lower quality sites. 


 


Figure 3.4. Differences in white spruce growth on rich (left) and medium (right) quality sites in the absence of competition control. 
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4.3 DECIDUOUS PROPAGULE POTENTIAL 


The silviculturist should use the site assessment data – including the age, condition, density and 
distribution of aspen to estimate the deciduous propagule potential. The Deciduous Propagule Potential 
tool (DPP) is a stand-alone Excel application that integrates the site and stand factors contributing to 
deciduous suckering after harvest to estimate the potential for deciduous reproduction. DPP is given as 
Excellent, Good, Fair, Poor or Unlikely. In general, a DPP of Good or Excellent provides assurance that a 
Deciduous or either mixedwood compositional objective can be met. A DPP of Fair or Poor suggests that 
attaining a Deciduous or Deciduous leading mixedwood outcome may be difficult or impossible; while a 
DPP of unlikely suggests the silviculturist will most likely succeed if a Coniferous objective is pursued. 
Conversely the DPP can be used to estimate the likelihood of deciduous nurse potential (DPP Fair or 
better) or competitive pressure on coniferous seedlings in Conifer or Conifer leading objective stands 
(DPP Fair or better). 


4.4 RE-VISIT OBJECTIVE 


Upon completion of the site assessment, including translation into risk factors, the silviculturist should 
revisit the objective for the site. In particular, the deciduous component of the objective should be 
assessed for whether or not it is achievable in view of the constraints identified and the deciduous 
propagule potential diagnosed on the site. The review of objective is not suggested as a cost-saving 
approach. Rather it is a recognition that on some very difficult sites the silviculturist may not be able to 
re-establish the sort of forest that was harvested, due either to site constraints or to lack of deciduous 
propagule potential. In recognizing this beforehand, the silviculturist is empowered to develop a 
prescription with a greater likelihood of success. Should the silviculturist decide to amend the objective, 
it is recommended that this be undertaken with a clear understanding of how landscape scale 
composition balancing of reforested stands will be maintained. 


4.5 PRESCRIBING TREATMENTS 


Treatments should address overarching constraints first; the prescription should then be adjusted to 
address stochastic constraints and the specific needs of the compositional objective. The Guide does not 
prescribe specific treatment actions; instead it supports the silviculturist in determining the effect 
needed to ameliorate a specific constraint. The Guide then provides the silviculturist information 
needed to determine how to achieve the desired effect. This approach was taken for two reasons: 


1. There are frequently several treatments that will provide the same (or ecologically similar) 
effects. This approach allows the silviculturist flexibility in determining which treatment to 
employ. 


2. Silvicultural treatments evolve over time due to changes in prime movers, evolution of 
equipment and availability of new products or methods. This approach allows silviculturists to 
adopt new techniques without compromising the ecological fundamentals of the Guide. 
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The following decision rules were used in developing the generic prescription flowcharts. 


4.5.1 LOW SOIL NUTRIENTS 


Low soil nutrients are generally associated with coarse textured or poorly developed soils low in soil 
organic matter and capped with a thin forest floor. While mixing site adjustment treatments (Section 7) 
may slightly improve availability of nutrients, the more common approach to ameliorating low soil 
nutrient is to direct plant smaller conifer seedlings of a species that tolerates low nutrients: pine 
(lodgepole or jack) on drier sites and black spruce or lodgepole pine on wetter sites. On sites, wetter 
than mesic the need to ameliorate soil moisture constraints may trump low soil nutrients; if so, the 
resulting use of site adjustment should attempt to leave forest floor material available for planting at 
the microsites it creates. Sites with low soil nutrients are generally not favorable to deciduous 
regeneration so are usually best suited to Conifer or Conifer-leading reforestation objectives. These sites 
are frequently populated by ericads (Section 5) which exacerbate the lack of nutrients due to their high 
efficiency in capturing soil nitrogen; if ericads are present the silviculturist may wish to employ a 
chemical site preparation treatment to control them prior to planting. 


4.5.2 LOW SOIL MOISTURE 


Low soil moisture is frequently found in concert with low soil nutrients on coarse textured soils or/and 
on slopes. Site adjustment treatments are not recommended as they are likely to impair whatever 
moisture holding capacity is provided by forest floor (similarly harvesting should be managed to 
minimize disruption of the forest floor). Coniferous regeneration treatment is most frequently direct 
planting of seedlings physiologically conditioned for dry sites. This conditioning (Section 8) includes: 


1. Smaller seedlings with a high root: shoot ratio. 
2. Seedlings set up in the nursery to grow only roots during the first growing season after planting 


(i.e. summer planting). 
3. Seedlings with a high level of suberin on needle surfaces. 


Pine (lodgepole or jack) is best suited to very dry sites.  


These sites are generally inimical to aspen regeneration so are best suited to Conifer or Conifer-leading 
objectives.  


4.5.3 HIGH SOIL MOISTURE 


“Wet” soils are one of the most common reforestation challenges in Alberta’s boreal forest regions. Low 
evaporation potential, relatively high summer rainfall rates and soils with limited drainage capacity 
combine to create a situation where soils are frequently at or above field capacity during the growing 
season (Section 10). Saturated soils prevent gas exchange between roots and the soil – effectively 
drowning the tree. White spruce is not able to tolerate more than 10 to 14 days of root saturation. 
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Aspen suckers respire at much higher rate than white spruce seedlings so are even less able to tolerate 
saturation.  Thus, high soil moisture is an unalloyed challenge to successful mixedwood forest 
regeneration. 


Raising the seedling microsite by using either raised-mixed or raised-inverted site adjustment 
treatments (Section 7) will provide planting spots for coniferous seedlings. Planting a seedling of the 
species appropriate to the nutrient regime that is physiologically conditioned to grow roots (Section 8) 
during the first growing season is recommended. Seedlings set up to grow roots first are better able to 
tolerate competition due to much of the initial competition in the boreal forest being between roots 
due to the shallow, relatively poor soils commonly encountered. Use a raised-mixed site adjustment will 
also stimulate aspen suckering that often results in abundant and uniform aspen in the new stand, 
providing the silviculturist the opportunity to attain any desired compositional objective. The 
stimulation of aspen suckering by raised-mixed site adjustment treatments enables the silviculturist to 
pursue mixedwood objectives on sites that may be marginally too wet for aspen, especially if these sites 
have become wetter due to the water table rising as a result of reduced transpiration on the site 
following harvest. 


On a cautionary note, raised-mixed site adjustments frequently stimulate a substantial flush of 
competing vegetation (Section 5) from the seedbank (raspberry, birch, alder, honeysuckle) and from 
root reproductive structures (marsh reedgrass, aspen). This phenomenon is most pronounced when soil 
nutrients are not limiting. When this flush of competition occurs on a site with a Conifer or Conifer-
leading objective the solution is straightforward; the silviculturist simply deploys a foliar herbicide 
treatment targeting the competing vegetation within one to 3 years after planting.  


The situation becomes considerably more challenging when the objective is to establish a Deciduous-
leading mixedwood, particularly if the structural objective is to create an intimate mixture. In this case 
the silviculturist has two options. The first is to delay planting conifer and use spot application of 
herbicide at the end of the first growing season after site adjustment to control competition on planting 
spots. The second option is to use targeted patch or spot application between one and 3 growing 
seasons after planting. Both options involve ground-based application using backpack application 
technology.  


If the objective is a Deciduous-leading mixedwood with an aggregated structure the silviculturist is 
frequently able to use patch herbicide application for conifer release targeting areas of heavy 
herbaceous competition and avoiding treatment of dense, successful aspen regeneration. 


 


 


4.5.4 COLD SOIL 
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“Cold” soils, alone or in concert with wet soils, are likely the most common reforestation challenge in 
Alberta’s boreal forest. Soils are cold due to a number of factors, alone or in combination (Section 7 and 
Section 10). These factors include: presence of a dense marsh reedgrass thatch; wet soil; and presence 
of a thick, organic forest floor. In other words, soil can be cold because: 


1. It is insulated from atmospheric warmth by an organic cover or by aspect, or  
2. Because its temperature is mediated by abundant soil moisture; or  
3. Both of the above are true. 


Cold soils limit growth of conifer roots and prevent aspen suckering (Section 10). As with wet soil, the 
most effective means of ameliorating cold soil is to use either raised-mixed or raised-inverted site 
adjustment treatment. Regardless of site adjustment technique chosen, ensure that any insulating layer 
on the forest floor is disrupted and any insulation is broken up. This applies to forest floor organic 
material, marsh reedgrass thatch or humic upper soil profile components. 


The same recommendations for stock selection and the same cautions regarding competing vegetation 
as expressed for wet soil apply.  


4.5.5 COLD, WET SOILS 


If a combination of cold and wet soil conditions form the major abiotic constraint use of raised-inverted 
site adjustment is suggested. Raised inverted treatment has the benefit of ensuring that insulating layers 
are disrupted and that micro-sites that will be mostly free of competition for a growing season or two 
are created. If cold, wet soils are the major abiotic constraint to reforestation it is recommended that a 
Conifer or Conifer-leading mixedwood objective be pursued. Cold, wet soils are essentially inimical to 
aspen regeneration. Planting stock selection for cold, wet soils is similar to that for wet or cold soils with 
the even greater emphasis on ensuring the seedling is physiologically conditioned to grow only roots 
during the first growing season and that the seedling be very sturdy (high root: shoot ratio, low height: 
diameter ratio).  


4.5.6 SITES WITHOUT MAJOR ABIOTIC CONSTRAINTS 


Sites where soil moisture, soil nutrients and soil temperature are not limiting (commonly referred to as 
modal sites) present the silviculturist the opportunity to pursue any compositional and structural 
objective desired. Conversely, these sites are highly likely to present substantial competitive challenge 
to trees – from herbaceous vegetation, shrubs and other tree species. The silviculturist may choose to 
take advantage of such sites by using a modest site adjustment treatment (i.e. mixing, small raised-
mixed or small raised-inverted) to further enhance microsites for planted trees. Similarly, large planting 
stock can (possibly should) be deployed on such sites to assist planted trees in overcoming competing 
vegetation.  


On such sites, the silviculturist should anticipate the need to control competition within a few years of 
planting. On Conifer and Conifer-leading sites this likely best achieved by a prompt, broadcast herbicide 
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application. On Deciduous leading sites, particularly if the structural objective is to create an intimate 
mixture, the silviculturist is more constrained as herbicide use is likely to compromise reaching the 
objective. In this case the silviculturist has two options. The first is to delay planting conifer and use spot 
application of herbicide at the end of the first growing season after site adjustment to control 
competition on planting spots. The second option is to use targeted patch or spot application between 
one and 3 growing seasons after planting. Both options involve ground-based application using backpack 
application technology.  


If the objective is a Deciduous-leading mixedwood with an aggregated structure the silviculturist is 
frequently able to use patch herbicide application for conifer release targeting areas of heavy 
herbaceous competition and avoiding treatment of dense, successful aspen regeneration. 


4.5.7 BIOTIC CONSTRAINTS – COMPETITION 


The Guide provides the silviculturist with considerable guidance on why, when, and how to control 
competition (Section 4 and Section 5). The initial prescription should anticipate competition, consider 
competition in the selection of site adjustment treatments, and plan to monitor and control competition 
early in the establishment of the new stand. Prompt treatment of competition has two major benefits: 
first, it frees conifers from competition before their growth has been substantially depressed; and 
second, if herbicides are used there is more likelihood of some aspen recovery after treatment if 
herbicides are used with two to three years of harvest. 


The relationship between aspen and white spruce in mixedwoods is complex (Section 4 and Section 5) 
and is dealt with at length in the Guide. When making the reforestation prescription the silviculturist 
should consider both the nurse value of aspen in protecting white spruce from other stressors (marsh 
reedgrass competition, winter injury, frost damage) and the competitive cost in terms of white spruce 
growth. It is beyond the scope of these rules to do anything more than refer the silviculturist to the 
Guide and recommend that they develop a site and objective based approach to managing competition 
in mixedwood stands. 


Marsh reedgrass is an unalloyed competitor; it frequently forms a disclimax plant community after 
harvest (Section 5). The silviculturist must recognize the tremendous competitive impact of marsh 
reedgrass on Conifer and mixedwood objectives. The reforestation prescription must address this 
competitive challenge and prepare to address it promptly.  


On Conifer and Conifer-leading sites this is likely best achieved by a prompt, broadcast herbicide 
application. On Deciduous leading sites, particularly if the structural objective is to create an intimate 
mixture, the silviculturist is more constrained as herbicide use is likely to compromise reaching the 
objective. In this case the silviculturist has two options. The first is to delay planting conifer and use spot 
application of herbicide at the end of the first growing season after site adjustment to control 
competition on planting spots. The second option is to use targeted patch or spot application between 
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one and 3 growing seasons after planting. Both options involve ground-based application using backpack 
application technology.  


If the objective is a Deciduous-leading mixedwood with an aggregated structure the silviculturist is 
frequently able to use patch herbicide application for conifer release targeting areas of heavy 
herbaceous competition and avoiding treatment of dense, successful aspen regeneration. 


Ericaceous species have only begun to be recognized as posing a tremendous long-term competitive 
challenge to conifers (Section 5). This competitive challenge is exacerbated by limited control options 
available for ericads. These are limited to mixing site adjustment treatments and site preparation 
herbicide applications. Mixing treatments are successful in breaking up the ericaceous root mat thus 
breaking the hold on upper soil horizons ericads frequently have after harvesting. Site preparation 
herbicide treatments are very effective at controlling ericads; site preparation treatments must be used 
as any herbicide treatment that will control ericads will either kill or substantially depress white spruce 
seedlings. 


Other competing species the silviculturist is referred, again, to the Guide (Section 5) for suggestions on 
how to assess and control other common boreal competitors and how control strategies might impact 
mixedwood objectives.  


4.5.8 BIOTIC CONSTRAINTS – BROWSING 


Browsing is most commonly considered to be an ungulate impact on aspen sucker regeneration. While 
not directly related to site there is anecdotal evidence to suggest that aspen browsing is most common 
on sites where it occurs in association with marsh reedgrass, i.e. edatopes M3-5, and W3-5. When 
making Deciduous or mixedwood prescriptions on these edatopes the silviculturist should be aware of 
the potential for browsing to limit deciduous regeneration success. The only viable solution on sites with 
heavy browsing is to change the reforestation objective to a composition less dependent on deciduous 
species (e.g. from Deciduous to Deciduous leading mixedwood). 


Browsing can also impact coniferous species (in particular, but not limited to, lodgepole pine). Browsing 
in this case is snowshoe hares or mule deer browsing nutrient loaded seedlings, as these seedlings have 
high sugar levels in the foliage for a season or two after planting. If aware that browsing of conifer is a 
problem, the silviculturist can either change species from pine to white spruce (provided the site is 
suitable to white spruce) or, if the browsed seedlings are white spruce, use seedlings that have been 
subjected to a reduced nutrient regime prior to hardening-off in the nursery. Another strategy for 
minimizing snowshoe hare browsing is to severely control herbaceous and low shrub vegetation (hare 
cover) thereby reducing their ability to approach seedlings. 
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4.5.9 BIOTIC CONSTRAINTS – GIRDLING 


Girdling is generally mice or voles eating the bark of planted seedlings under the snow. It is not a 
frequent problem in cutblocks reforested promptly after harvest – however it can become a problem in 
afforestation of previously cleared lands or if reforestation is delayed sufficiently for a mouse/vole 
population to develop prior to planting. The best solution to girdling is prevention through prompt 
reforestation. 


4.5.10 STOCHASTIC CONSTRAINTS – WINTER INJURY, FROST HEAVE AND FROST DAMAGE 


The Guide (Section 9 and 10) provides detailed guidance on how to identify sites with the potential for 
stochastic constraints and how these constraints might be either avoided or ameliorated. Because these 
constraints are stochastic (i.e. they may or may not occur during the period when the young stand is 
susceptible to them) the decision to address them in the reforestation prescription is driven by their 
likelihood of occurrence and the silviculturist’s risk tolerance. Thus, guidance on whether or not to 
address these constraints is beyond the scope of these rules. 


Winter injury of planted white spruce can be ameliorated by retention of aspen (when it is a competitor) 
for sufficient time (2 or 3 growing seasons) for the white spruce roots to fully egress the planting plug 
and for the seedling to thus come into synchronicity with the planting site. Winter injury can be avoided 
by changing planted species to black spruce, provided the site is suitable and black spruce meet 
management planning expectations. Early winter injury (winter after planting) can be avoided through 
use of smaller planting stock. Clearly, all of these choices have other effects on reforestation success and 
long-term outcomes. 


Frost damage may occur over several years after planting. The impact of frost damage is likely to be 
greater if it occurs soon after planting. Again, retention of aspen as “nurse species” will to, some extent, 
mitigate frost damage at the cost of some lost white spruce growth. Again, changing planted species to 
black spruce will mitigate frost damage, provided black spruce aligns with management planning 
objectives. 


Frost heave of planted seedlings is a function of both site (wet soils) and site adjustment treatment (use 
of scalping to remove the forest floor). Hence, avoiding the use of scalping on wet soils will prevent frost 
heaving. 
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4 PLANT COMMUNITY MANAGEMENT 
 


REQUIREMENTS OF PLANT SPECIES AND INTERACTIONS 


APPROACH AND STRUCTURE 


This section of the Silviculture Guide addresses the interactions of plant species in mixedwood 
forest stand development. Interactions are discussed from an ecological perspective before 
management implications are drawn. This approach will help silviculturists more fully 
understand the biology underlying the interactions and therefore be better able to assess and 
manage interactions between species toward specific management objectives. 


This section begins with a discussion regarding the evolution of vegetation management for 
silviculture through three paradigms (Reactive, Agro-military, Integrated) to place the approach 
of this Guide in context. Next, fundamentals of plant species interactions, focusing on crop tree 
species and critical competing species that limit crop tree establishment and growth, are 
discussed. The objective is to provide silviculturists with guidance in assessing, interpreting, and 
managing interactions between plant species over the critical first 10 to 15 years of plant 
community development. 


4.1 PARADIGMS, PRINCIPLES, AND INTEGRATION 


Forest stand development is a subset of the larger process of plant community development. 
Community composition and structure change with time and with changes in the environment. 
This is an interdependent process where meso-scale environmental change is frequently both a 
function of, and an enabler to, changes in the plant community. 


Mixedwood management of boreal systems offers a wide array of management outcomes. To 
minimize constraints on the management system, this discussion attempts to embed forest 
stand development in the broader context of plant community development. 


4.1.1 PARADIGMS OF PLANT COMMUNITY MANAGEMENT 


Wagner (2005) has described the evolution of forest vegetation management through three 
historical phases, as follows:   


Reactive: The earliest attempts at vegetation management waited until the desired forest stand 
condition was in jeopardy. At this time, the silviculturist would move to control community 
development (i.e. reduce competition) to the point where the management objective was no 
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longer threatened. This approach to vegetation management is still frequently encountered in 
settings where silviculturists manage to regulatory requirements. In these environments, the 
silviculturist often develops an institutional reactive approach. That is, plant community 
structure is viewed entirely through a “competition-focused filter” with community 
assessments and prescriptions timed to meet regulatory requirements in a cost-effective 
manner. 


Agro-military: This is still a common approach wherein silviculturists recognize the potential for 
plant community conditions that will jeopardize the desired “crop” species and proactively 
move to prevent that condition from arising. Again, the silviculturist views the plant community 
from a competition viewpoint focusing on a single desired crop species or, at best, a narrow 
array of acceptable species. Generally, this approach is effective in achieving outcomes for the 
crop but does so at considerable cost. These costs can be financial or biological. Biological costs 
may be a reduction in diversity (particularly when measured using indices that include both 
species and numbers of individuals), changes in habitat values, and a general simplification of 
the forest into a stand of trees. The agro-military approach is most commonly encountered on 
private lands with high potential forest productivity (e.g. exotic antipodean pine plantations, 
eucalyptus plantations in South America and South Africa, and southeastern short rotation pine 
production in the United States of America – often referred to as short-rotation intensive 
culture (SRIC) silviculture). 


Integrated: This approach stresses working with the general flow in plant community 
development and attempting to nudge it in a desired direction. It anticipates changes that will 
occur in the community and proactively deploys treatments to direct plant community 
development. This approach has merit in a mixedwood context for several reasons: 


• It focuses on plant communities, not stands, and allows the silviculturist to consider and value 
complexity in stand structure. It provides a platform for both choosing a desired mixedwood 
composition and working toward achieving it. 


• It recognizes changes in the plant community over time and provides the opportunity to 
emulate “natural” community development, and manage towards a specific community 
structure and composition. 


• It recognizes the role of happenstance (or stochasticity) in plant community 
development, fostering flexibility in forest management and placing substantial value on 
operational monitoring. 


• It allows for better integration of multiple species with diverse niche requirements into 
stand management objectives and, hence, into prescriptions. 
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4.1.2 KEY PRINCIPLES IN PLANT COMMUNITY MANAGEMENT 


Wagner (2005) offers 10 principles for successful forest vegetation management. Described 
from a conifer production standpoint, these principles illustrate five concepts critical to 
mixedwood reforestation success:  


1. Prompt (or timely) implementation of silvicultural treatments is critical to success, regardless of 
treatment type (site preparation, planting, vegetation management). 


2. The “commensal nurse” benefits of mixedwood silviculture may reduce risk of catastrophic 
climatic or weather effects on white spruce, but they come with a cost in growth reduction. 


3. Site preparation is the time when silviculturists have the broadest array of treatment options, 
and thus it should not be undervalued as an opportunity to explore or use some of these 
options. 


4. Regardless of tree species or origin, herbaceous competition with crop trees may be significant 
in the early phases of plant community development. 


5. Site-dominating species pose a substantial and potentially enduring challenge to less dominant 
woody species (Wagner considers deciduous tree species and reedgrass to be site dominating 
species). 


4.1.3 THE ROLE OF INTEGRATION IN PLANT COMMUNITY MANAGEMENT 


Wagner (2005) does not address the importance of an integrated approach to forest stand 
establishment. Understanding the unique benefits or strengths of an array of treatments allows 
the silviculturist to integrate treatments to most effectively “nudge” the plant community at a 
critical time, thus better assuring success and likely optimizing silviculture costs. Optimization 
implies that while costs of treatment may not be minimized, risk of failure is reduced, thereby 
reducing the likelihood of needing to deploy high cost remedial treatments. 


4.2 PLANT SPECIES INTERACTIONS 


Plants in a community interact (as species and as individuals) in several characteristic manners. 
Understanding these interactions is critical to identifying the need, opportunity and means to 
influence plant community development. Although foresters frequently use the following terms 
to describe interactions between plants (at either the individual or species levels), formal 
definitions have been drawn from the glossary in “Essentials of Ecology” by Townsend, Begon 
and Harper (2002): 


Competition is “an interaction between two (or more) organisms (or species), in which, for 
each, the birth and/or growth rates are depressed and/or the death rate increased by the other 
organisms (or species).” 
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Commensalism is “an interaction in which one organism (or species) beneficially affects a 
second organism (or species), but the second has no effect (good or bad) on the first.” 


Facilitation is “the influence of one species that enables a second species by changing the 
conditions encountered.” 


Symbiosis is “the intimate living together of two dissimilar organisms in a relationship beneficial 
to one or both species.” 


Amensalism is “an interaction between species in which one species is inhibited and the other 
is unaffected.” 


Tolerance describes the relative capacity of an organism to grow or thrive when subjected to an 
unfavorable environmental factor. It is defined as “where an unfavorable environmental 
condition has little or no effect on a species”. Martin and Gower (1999) define and offer specific 
examples of the tolerance of tree species: 


• Tolerant species are able to grow or thrive under competitive conditions; an example 
of a highly tolerant tree species is hemlock or beech. 


• Intolerant species are not able to grow or thrive (or possibly even survive) 
under competitive conditions – an example of a highly intolerant tree species is 
aspen or lodgepole pine. 


• Intermediate species survive under competitive conditions but thrive under less 
competitive conditions – an example of an intermediate tolerant tree species is 
white spruce. 


The following terms describe categories of ecological description used to characterize species 
or communities (Townsend et al. 2002): 


• Autecology is “ecology dealing with individual organisms or individual species 
of organisms.” 


• Synecology is “ecology that deals with the structure, development, and 
distribution of ecological communities.” 


Understanding the autecology and synecology of dominant species is critical to successful 
mixedwood management. With this understanding the silviculturist is well equipped to 
anticipate and proactively address stages in plant community development that pose 
silvicultural challenges. 
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4.2.1 AUTECOLOGY OF BOREAL SPECIES 


The following brief descriptions of the autecology of key boreal species provide a foundation 
for plant community management and foster the integrative approach taken in this manual. 
The following references underpin the summaries presented here: 


For tree species: Burns and Honkala (Technical Coordinators). Silvics of North America. USDA 
Forest Service Handbook 654. Available from: 
http//www.na.fs.fed.us/Spfo/pubs/silvics_manual 


For most boreal species: Arnup, R.W., Dowsley, B.J., Buse, L.J., and Bell, F.W. 1995. Field Guide 
to the Autecology of Selected Crop Trees and Competitor Species in Northeastern Ontario. 
Northeast Science and Technology, Ontario Ministry of Natural Resources, FG-005. 


WHITE SPRUCE 1  


White spruce is a long-lived conifer species of intermediate tolerance that is able to enter the 
plant community at a wide range of times in the plant community assembly cycle. Depending 
on seed availability, site conditions, and competition, white spruce can behave as anything from 
a pioneer species through to a late successional species. For example, on mesic sites where a 
hot summer wildfire destroys the aspen root mat, white spruce and aspen can both act as 
pioneer species, growing together as seed-origin cohorts, especially if disturbance occurs in a 
white spruce seed year (see below). Conversely, on sites where a less intense wildfire initiates 
community development without significant disruption of the aspen root mat, white spruce 
may be excluded from the overstory of the developing community by aspen competition. Over 
time, as the overstory of aspen breaks down, white spruce saplings in the understory are 
released from competition, grow vigorously, and enter the canopy decades after the 
community-initiating disturbance. 


White spruce reproduces from seed, producing small quantities of seed for several years, 
followed by abundant seed crops for typically one or two years. Seeds are about mid-size (for 
the boreal forest) and winged. Seeds can be dispersed over great distances by wind, especially 
skimming along the surface of crusted snow (seed drop occurs in late autumn and continues 
throughout the winter) but the vast majority of seeds fall within a few hundred meters of the 
parent tree. White spruce is not an obligate outcrossing species (it can self-pollinate) but it 


                                                           


1 Material on white spruce is based on Nienstaedt, H., and Zasada, J.C. 1990.  
 



http://www.na.fs.fed.us/Spfo/pubs/silvics_manual
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generally cross-pollinates. There is some evidence that white spruce can also reproduce 
vegetatively by layering. 


Site characteristics favoring white spruce are mesic to moist moisture regime. medium to rich 
nutrient regime, and moderately fine (silt) soil textures. White spruce will tolerate only 
moderate drought and therefore is seldom found on sites susceptible to periodic, sustained 
drought (coarse soils or exposed outcrops). Pure white spruce stands are frequently found on 
rich, alluvial sites like the floodplains of large rivers. 


White spruce’s intermediate tolerance means it tends to survive under competition and can 
prosper in mixed species stands. This may be due to white spruce cycling nutrients more slowly 
than pioneer species and hence benefiting from increased nutrient availability when in 
association with pioneer species. Hangs et al. (2002) were unable to demonstrate that the 
release of nutrients from decomposing aspen foliage resulted in increased nutrient availability 
to white spruce. Conversely, Carmosini et al. (2003) found an increase in nitrogen 
mineralization from fallen aspen foliage following harvest. Furthermore, other tree or tall shrub 
species provide white spruce seedlings shelter from late season frost (new growth of white 
spruce flushes very early in the spring), shelter from warm winter winds, and from being struck 
by an endemic insect pest (white pine weevil, Pissodes strobi). According to Taylor et al. (1996) 
the mechanism of this effect is overstory shading masking host tree silhouettes at the time of 
beetle flight. 


ASPEN 2  


Understanding aspen autecology is critical to successful mixedwood management. Aspen is a 
crop species and one of the two most successful inundatory invaders (abundant and aggressive 
post-disturbance regeneration) species in the boreal forest. Aspen’s success as an aggressive 
invader means it functions as a strong competitor with most other woody species during the 
early dynamic stages of plant community development. The need to understand aspen 
autecology is reinforced by current aspen silvicultural regimes relying on clonal propagation 
and minimal intervention for success. To oversimplify, silvicultural interventions are far more 
efficient in reducing aspen abundance than they are in enhancing aspen abundance or 
distribution. 


                                                           


2 Material on aspen is based on Perala 1990. 
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As an intolerant, inundatory, invading pioneer tree species, aspen tends to aggressively colonize 
a wide array of disturbed sites, unless the disturbance removed or destroyed the aspen root 
mat. 


Aspen reproduces clonally (from root suckers or basal sprouts) and from seed. If a site is 
drastically disturbed (intense wildfire or deep soil disruption), aspen invasion is likely to be from 
seed; if less drastically disturbed, the site will likely be invaded vegetatively by root suckers 
arising from aspen on the site prior to disturbance. Aspen are dioecious (individual trees are 
either male or female) therefore only female clones produce seed. Aspen produce an abundant 
seed crop each spring except in extremely dry years. Maini and Horton (1966) determined that 
a single female aspen tree produced 7 million seeds. Aspen seed is highly viable; however, 
germinants require a minimum of two weeks to a month of warm, moist conditions before they 
are able to survive drought. This is due to slow growth of the main root of aspen seedlings, 
forcing germinants to depend on a ring of fine downy hair-like roots for water uptake for 
several days to two weeks. The narrow environmental window for successful aspen 
establishment from seed has often led to the importance of seed dispersal in aspen’s role as an 
invader being overlooked. Aspen seed is much smaller than conifer seed and is carried in white, 
downy “fuzz” resulting in movement by wind and/or water over great distances. 


The most common invasion strategy of aspen is by root suckering. Aspen roots bear large 
numbers of buds capable of forming individual stems. If there is loss of apical dominance (the 
stem attached to the root mass is cut or broken off) and soil temperatures increase, these buds 
are triggered and a massive emergence of new stems (called suckers) occurs. Reduced levels of 
suckering occur if aspen roots are exposed to increased temperatures in the soil without apical 
dominance being disturbed, as might occur if an area were logged for conifers and the mature 
aspen was left standing. In effect, aspen trees are super-organisms capable of generating large 
numbers of stems from existing root systems to rapidly occupy the aboveground portion of 
disturbed sites. The genetic make-up of these stems is identical; such large aspen clumps are 
clones. Furthermore, even if root buds are not stimulated (and suckering has not occurred), 
aspen root occupancy of a site with even moderate densities of mature aspen will be very high. 


Thus, aspen invasion of a previously uncolonized site may be a two-generation process – the 
first generation invading from seed, thereby gaining a foothold on the site, and the second 
generation effecting site dominance following less drastic disturbance. 


These complementary reproductive strategies make aspen an adaptable and successful invader 
after a wide range of disturbances. Suckers grow and develop much more quickly than 
seedlings (aspen or conifer), due to their use of an existing, well-developed root system. 
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In order to thrive, aspen requires a mesic moisture regime and it does best on medium to rich 
sites. Sustained or frequent drought conditions will exclude aspen from a site. Aspen site 
regime requirements are similar to those of white spruce, although white spruce will tolerate 
wetter sites than aspen. 


BALSAM POPLAR 3  


Balsam poplar is a pioneer species on the sites to which it is best adapted, and slightly behind 
the earliest pioneer species such as aspen and lodgepole pine. An intolerant species, balsam 
poplar is somewhat more shade tolerant than aspen (or lodgepole pine), and is best suited to 
moist sites (sub-hygric to sub-hydric). Balsam poplar is often an invader of secondary 
successional sites. 


Balsam poplar has a wide array of reproductive strategies. It produces an abundant, highly 
viable seed rain very similar to that of aspen. It can reproduce from basal sprouts if cut or 
broken off. As well, buried stems and branches can produce roots and act as cuttings. Once 
established, balsam poplar can reproduce from root suckers that, while less vigorous than those 
of aspen, can quickly achieve site dominance. 


Balsam poplar is most commonly found on moist to hygric sites, showing its best growth on 
rich, alluvial, sub-hygric sites. While balsam poplar is able to tolerate medium to slightly poor 
nutrient regimes, it does best on medium-rich to rich sites. 


TALL SHRUBS - WILLOW AND ALDER 4  


Alder and willow (35 species of which occur in Alberta) are found on a wide array of sites. Both 
reproduce from seed and basal sprouts (if stem is broken or cut off). Dense, almost pure stands 
of alder (Alnus tenufolia) or willow are often found in riparian or hygric to sub-hydric habitats. 


Conversely, other willow species and alder (Alnus viridis) frequently occur on xeric sites where 
poor nutrient regimes exclude most other shrub species; on these sites, they occur in 
association with lodgepole pine. Both alder and willow can invade recently burned areas very 
aggressively from seed. Minor disturbance or light browsing can stimulate basal sprouting of 
these species, as can mechanical damage or cutting. 


                                                           


3 Material on balsam poplar taken from Zasada and Phipps (1990) 
4 Material taken from Arnup et al. (1995) 
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MEDIUM SHRUBS – CRANBERRY AND HONEYSUCKLES 5  


Cranberry and honeysuckle shrub species are seed bankers producing numerous to abundant 
hard seeds annually, which can persist in soil for several years to several decades. Seed 
production is regulated by climatic conditions. These species produce their seed in or as an 
edible structure. 


This results in wide dispersal of the seed by animal vectors. Following a hot fire (that strips 
away the insulating organic mat on the soil surface) the banked seeds germinate and quickly 
capture the site. Reduced soil disruption associated with logging results in less dramatic seed 
bank response. However, if mechanical site preparation is used, seed bank induction (i.e. 
germination induced by favorable conditions arising from site preparation) will result. Thus, the 
presence of these species in the understory prior to harvest indicates a likelihood of them being 
present after harvest. Abundance of these species after harvest will depend on the level of soil 
disruption associated with harvest and with site preparation for planting. 


Bracted honeysuckle (Lonicera involucrata) and beaked hazel (Corylus cornuta) tend to be 
found on sub-hygric sites, while cranberry (Viburnum sp.) is found on mesic sites. Tolerance 
varies between these species but all are able to survive (or thrive) in the open environment that 
follows clearcutting. 


RASPBERRY (RUBUS IDEAUS) 


Raspberry is a deciduous shrub that produces biennial woody stems. A seed banking species, 
raspberry can produce up to 26,000 seeds/m2 over four years under ideal growing conditions, 
and under a forest canopy it will produce >75 seeds/m2 per year with 60 percent constancy. 
These seeds can persist in soil for more than 50 years (Oleskevich et al. 1996). Soil disturbance 
and increases in soil surface temperature associated with harvesting stimulate germination of 
the raspberry seed bank which, though unlikely to pose competition to deciduous crop species, 
can pose substantial competition to white spruce seedlings or germinants. Raspberry can also 
reproduce by vegetative means allowing it to quickly expand its coverage in openings and 
disturbed sites. 


                                                           


5 Material taken from Arnup et al. (1995) 
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FIREWEED (CHAMERION ANGUSTIFOLIUM) 


Fireweed is a perennial forb that spreads by seed and expands site occupancy through root 
reproduction from pseudo-rhizomes. Some taxonomists identify two subspecies of fireweed 
depending on habitat and size. Only the shorter sub-species occur in Alberta. As a pioneer 
species fireweed tolerates a wide range of climatic, soil, and altitudinal conditions. It is most 
commonly found on sandy loam to loamy soil textures. Fireweed does not compete well with 
aspen or reedgrass but frequently invades reforested areas following herbicide use to control 
one or both of these species. Fireweed can offer white spruce seedlings substantial 
competition. 


REEDGRASS (CALAMAGROSTIS CANADENSIS) 


Reedgrass is a long-lived perennial grass found in late successional plant communities. It will 
tolerate moisture regimes from mesic to moist but prefers sub-hygric. Rich sites are most 
favorable to reedgrass; however, it will tolerate medium nutrient regimes. Reproduction is by 
seed and rhizomes (underground stems carrying vegetative reproductive buds). Reedgrass 
produces an annual crop of abundant, very small seed. Invasion of late successional 
communities is via seed into small openings (serules) of mineral soil created by blowdown on 
older or dead trees. Reedgrass requires moist mineral soil for germination. However, once 
established, reedgrass’ shade tolerance allows it to survive and develop a rhizome mat at the 
duff-mineral soil interface. Unlike raspberry and bracted honeysuckle, bolting of rhizome buds 
causes reedgrass invasion following logging. Reedgrass has been called a disclimax species 
(Collins 2001), “a relatively stable ecological community often including kinds of organisms 
foreign to the region and displacing the climax because of disturbance, especially by man” 
(Merriam-Webster 2006). This post-harvest disclimax behavior of reedgrass can make it a 
particularly pernicious invader of recently harvested moist, rich sites. Mechanical site 
preparation treatments that break-up, mix or stir the organic-mineral soil interface exacerbate 
reedgrass problems by breaking up rhizomes thereby stimulating sprouting. 


As part of their review of reedgrass autecology and synecology, Lieffers et al. (1993) offer an 
interesting conceptual model that addresses four successional stages that are important to 
understanding the ecology of reedgrass. Figure 4.1 is adapted from their work, and presents the 
seral stages in a more linear framework, while Figure 4.2 shows the same process amended to 
accommodate the disclimax hypothesis. 
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Figure 4.1. Successional stages for reedgrass in boreal mixedwood forests (after Lieffers et al. 1993). 
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Figure 4.2. Successional stages for reedgrass in the boreal mixedwood forest under the disclimax hypothesis. 
(Figure 1 from Lieffers et al. (1993), adapted to reflect the “disclimax” hypothesis). 
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Table 4.1. Autoecology of key boreal mixedwood species 


 
Autecological 
Factor 


 
 White   
spruce 


 
Black 
spruce 


 
Aspen 


 
Balsam 
poplar 


 
Alder 


 
Willow 


 
Raspberry 


 
Reedgrass 


 
Sere 


 
 Mid 


 
Plastic 


 
Pioneer 


 
Pioneer 


 
Pioneer 


 
Pioneer 
to late 


 
Plastic 


 
Late 


 
Tolerance 


 
 Mid. 


 
Int. 


 
Int. 


 
Int. 


 
Int. 


 
Varies with 
species 


 
Plastic 


 
Mid. 


 
Reproduction 


 
 Seed 


 
Seed 


 
Suckers 


 
Sprouts 


 
Seed 


 
Seed 


 
Seed 


 
Rhizomes 


  Layer Sprouts Seeds Sprouts Seed bank Seed bank Seed 


   Seed Suckers  Sprouts Suckers  


    Cuttings     


 
Optimal 


 
 Mesic to 


 
Mesic to 


 
Mesic 


 
Moist to 


 
Submesic to 


 
Variable 


 
Moist to 


 
Mesic to 


moisture 
regime 


 sub-hygric sub-hydric  sub-hygric hygric  hygric sub-hygric 


 
Drought 
tolerance 


 
 Medium 


 
Low 


 
Low 


 
Low 


 
High 


 
Variable 


 
High 


 
Low to 
medium 


 
Site richness 


 
 Medium to 


 
Low to 


 
Medium to 


 
Rich to 


 
Medium to 


 
Medium to 


 
Low to 


 
Medium to 


  rich medium rich medium rich rich medium rich 


 
Response to: 


        


Wildfire  Loss of site Invasion Inundatory 
invasion 


Invasion by 
seed 


Inundatory 
invasion 


Loss of site Loss of site Loss of site 


Ground fire  Invasion Site 
dominance 


Loss of site 
or invasion 


Loss of site Re-invasion Loss of site Loss of site Invasion 
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4.3 SILVICULTURAL IMPLICATIONS 


The interactions discussed below are generalized to major interactions and the impacts of 
harvesting, reforestation, and exclusion of fire. 


 


4.3.1 WHITE SPRUCE AND ASPEN 


Aspen can limit white spruce growth and survival (Comeau et al. 2006). Though white spruce is an 
intermediate tolerant species capable of surviving substantial competition, growth is reduced in 
the presence of competition. 


White spruce and aspen perform best on similar site types (mesic, medium to rich) leading to 
direct competition. This interaction is exacerbated by rapid aspen domination of cutovers through 
reproduction by suckering. Newton (2002 pers. Comm.) suggests mixed species tree communities 
perform best when species do not share similar root space and have similar rates of height 
growth. This does not describe the relationship between white spruce and aspen, which does not 
meet either criterion. The temporal shift in dominance associated with most boreal mixedwood 
stands suggests that aspen and white spruce often function as temporal mixtures where site 
dominance is traded between species over time. 


More recently, Pitt et al. (2015) examined the interaction of reedgrass, aspen and white spruce at 
the time of forest establishment, clearly demonstrating the equivocal relationship between white 
spruce and aspen as one of facilitation at the cost of growth loss due to competition. 


Several facilitative commensal interactions characterize the relationship between young seedling 
(or seed origin) white spruce and aspen, including: 


• Aspen foliage cycles primary nutrients very efficiently while white spruce foliage 
cycles nutrients (nitrogen, phosphorus, potassium, and micronutrients) slowly. 
Aspen takes up nutrients and drops them annually with leaf fall, thus making the 
nutrients released from the decomposing foliage readily available to white spruce. 
In this way, aspen may render nutrients more available to white spruce (Arnup et 
al. 1995). Hangs et al. (2002) could not find quantitative evidence of this effect. 
Conversely, Carmosini et al. (2003) found an increase in nitrogen mineralization 
from fallen aspen foliage following harvest. This may be of more benefit to white 
spruce on nutrient–poor sites. 
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• White spruce flushes early in the growing season, making it vulnerable to late 
spring or early summer frost. If it is part of an intimate mixture with aspen (with 
emerging leaves), the seedling is less likely to be damaged by frost due to the 
emerging aspen canopy moving the boundary layer of freezing air above the 
white spruce seedling (Comeau et al. 2006). 


• Aspen cover also traps snow and moves the temperature boundary layer above 
the height of white spruce seedlings when warm subsiding winds (chinooks) result 
in winter temperatures substantially above freezing (ibid.). If relatively young 
white spruce seedlings (less than three growing seasons after planting) are 
subject to above freezing temperatures while their roots remain frozen, they will 
quickly deplete all water in their foliage through transpiration and become 
desiccated (McDonald 1996 pers. Comm.)  See the Winter Injury Tool for a more 
thorough discussion of this phenomenon. Depending on the temperature and 
duration of exposure, desiccation may result in injury (ranging from slight to 
severe) or mortality. 


• Aspen cover reduces the likelihood of white spruce being struck by the white pine 
weevil (Pissoides strobi) (Comeau et al. 2006). This insect pest endemic to 
Alberta’s boreal forest flies above the canopy seeking spruce (white, black, 
Engelmann) seedlings or saplings. Upon finding young trees of these species, the 
female weevil descends and lays an egg at the base of the current terminal leader. 
When the egg hatches, the weevil larva mines the cambium of the current leader 
causing loss of both growth and apical dominance. Spruce seedlings and saplings 
in an aspen dominated canopy are less easily identified by weevils and therefore 
less subject to weevil strike. According to Taylor et al. (1996), the mechanism of 
this effect is overstory shading masking host tree silhouettes at the time of beetle 
flight. 


The Aspen White Spruce Facilitation and Competition Tool summarizes these interactions against 
a temporal scale. This is a “thought” tool intended to help the practitioner identify and consider 
facilitative and competitive interactions between aspen and white spruce over time. The temporal 
time scale in the tool is nominal and will vary with risk factors inherent to the site, aspen density, 
and condition/performance of both aspen and white spruce over time. 


The relationship between aspen and white spruce also involves direct competition for light, 
moisture, nutrients, and possibly root space. Of these, competition for light has been examined 
the most thoroughly. Lieffers et al. (1998) found that at 40 percent of full sunlight, white spruce 
height growth was not reduced compared to full sunlight. Comeau et al. (1993) suggest a light 
level of 66 percent of full sunlight as a “reasonably attainable” level of light for white spruce 
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growth. They suggest that white spruce volume is reduced by any competition for light; however, 
the management effort required to manage aspen densities to a level where full sunlight was 
available to white spruce would be too high. The volume gain associated with full sunlight over 66 
percent of available light is also substantially less than the gain associated with making 66 percent 
light available versus less than 50 percent. 


In effect, the relationship between these species is complex. The facilitative benefits white spruce 
derives from association with aspen come with a cost in reduced growth due to the competitive 
aspects of this same relationship. In some cases, growth losses and mortality due to winter injury 
or grass competition may exceed those which would occur under an intact young aspen canopy. 
The complexity of the interaction between white spruce and aspen is exacerbated by the site 
requirements of these species. White spruce will survive and reach commercial size on sites wetter 
than aspen will tolerate, while aspen will survive on sites drier than white spruce. However, both 
species attain maximum growth and productivity on modal sites as described by the edatopic grid 
(See Edatope(s) 4, 5, 16; Figure(s) 4.3, 4.4, 4.5). 
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Figure 4.3. Edatope indicating deployment considerations for white spruce.  Darker shading indicates 
preferred deployment position. 


This relationship is particularly complex during the earliest phases of plant community 
development as aspen’s use of incident light tends to reach maximum levels sometime around age 
20, at which time light levels below the aspen canopy are at minimum (Lieffers 2005). This 
condition is popularly referred to as “the light bottleneck”. That is, the point at which light is least 
available to white spruce under the young aspen canopy, during which white spruce growth is 
most reduced, and risk of competition-induced mortality is quite high. Prior to this stage of 
community development white spruce seedlings are most at risk of winter desiccation and frost 
damage. Comeau (2007 pers. Comm.) suggested that for small seedlings, the light bottleneck 
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actually begins at about age 2 or 3 due to combined effects of aspen, herbs and grasses. Light 
levels below 10% can be encountered in the second growing season after clearcutting as a result 
of effects of both aspen (light levels of about 20 to 40%) and herbaceous vegetation. 


The relationship between white spruce and aspen becomes less equivocal when seedlings become 
saplings as aspen rubbing or whipping significantly damages white spruce saplings. 
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Figure 4.4. Edatope indicating deployment considerations for aspen. Darker shading indicates preferred 
deployment position. 
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Figure 4.5. Edatope indicating mixed deployment and or management opportunity for white spruce and 
aspen. 


Silviculturists need to be aware that, when prescribing management regimes to achieve specific 
light levels, thought should be given to recovery of the plant community. That is, regardless of 
treatment method, the plant community will “rebound” from treatment resulting in a reduction in 
light level within a few years of treatment. Later sections (Section 7) discuss treatment durability. 
the silviculturist should consider durability when making prescriptions to ensure that the desired 
light levels are maintained long enough to provide the “nudge” necessary to shift the plant 
community in the desired direction. 
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This relationship is also challenged by the essentially subtractive relationship between most 
silvicultural treatments and aspen. That is, current aspen silviculture relies on aspen root 
regeneration – ensuring harvesting activities do not jeopardize aspen suckering potential, then 
relying on abundant sucker regeneration to establish the deciduous component of the new plant 
community. 


Given the complex interaction of these species, it may be prudent to manage for mixtures of 
aspen and spruce using a risk reduction strategy. This will depend on the level of risk inherent to 
the area being managed and on other management objectives. Vegetation management 
techniques are available to release individual white spruce seedlings/saplings from aspen 
competition while maintaining a mixture of both species. This is of particular importance when 
managing for both white spruce and aspen crops on the same operational management unit in an 
intimate mixture. 


The following tables (Table 4.2a and Table 4.2b) summarize the facilitative and competitive 
interactions discussed.  The tables are derived from a tool developed for the first version of the 
mixedwood guide and include comments from the expert review panel members.  The temporal 
scale of the interactions presented in the tables is nominal and will vary with risk factors inherent 
to the site, aspen density, and condition/performance of aspen and white spruce over time.   
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Table 4.2a. Aspen-white spruce facilitative interactions. 


Temporal Interval Facilitative Interaction Comment 


T5 – Treatment Shade from sunscald 


Sunscald potential is highest on south facing 
dry slopes.  This equates to areas of high 
evapotranspiration potential. 


Community Initiation 
Inhibition of reedgrass1. 


Aspen cover limits reedgrass emergence on 
mesic and slightly moister sites. 


  Reduce risk of winter desiccation 
Aspen reduces wind exposure both directly 
and through snow trapping. 


  
Reduce risk of late spring frost 
damage 


Aspen shifts the thermal boundary layer for 
frost events up from young white spruce 
seedlings. 


T6-Treatment to 4 years Inhibition of reedgrass2. 
Aspen cover limits reedgrass expansion on 
mesic and slightly moister sites. 


Community Establishment 
Reduce risk of late spring frost 
damage 


Aspen shifts the thermal boundary layer for 
frost events up from young white spruce 
seedlings. 


  Reduce risk of winter desiccation 
Aspen reduces wind exposure both directly 
and through snow trapping. 


T7 – 4 to 12 years Inhibition of reedgrass2. 
Aspen cover limits reedgrass dominance on 
mesic and slightly moister sites. 


Composition to Performance 
Reduce risk of late spring frost 
damage 


Aspen shifts the thermal boundary layer for 
frost events up from young white spruce 
seedlings. 


  
Reduce risk of white pine weevil 
strike 


White pine weevil identifies target saplings 
visually from above – therefore overtopped 
trees are less likely to be struck. 


1 Particularly important in the absence of site adjustment treatments and on mesic to sub-hygric sites 
2 Particularly important when stand tending with herbicides will not be employed. 
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Table4.2b. Aspen-white spruce competitive interactions. 


 


4.3.2 ASPEN – WHITE SPRUCE AND REEDGRASS 


The disclimax autecology of reedgrass following harvesting can be characterized as a massive 
invasion of harvested sites by reedgrass due to reedgrass’ invasive building potential via rhizome 
development in aging stands. High levels of reedgrass in pre-harvest stands result in reedgrass 
invasion of harvested areas from rhizomes, not from seed. Thus, reedgrass poses a challenge to 
establishment of both aspen and white spruce on sites to which it is best adapted (Landhäusser 
and Lieffers 1997, Newton and Cole 1999, Collins 2001). 


Reedgrass causes physical damage and changes in microclimate, and increasing small rodent 
predation of seedlings and suckers. Physical damage occurs in early winter when cured reedgrass 


Temporal Interval Competitive Interactions Comment 


T5 – Treatment Competition for light 


Young white spruce seedlings have limited 
root egress from planning plugs – insulating 
them from competition for moisture and 
providing them nutrients from the plug. 


Community Initiation 


Smothering of germinated seed 
Germinated seed is at risk of smothering for 
the first year following germination. 


T6-Treatment to 4 years Competition for light 
Aspen suckers will significantly overtop white 
spruce seedlings. 


Community Establishment 


Competition for moisture 


As white spruce roots emerge from the 
planting plug they must directly compete with 
other vegetation for moisture. 


  Cover for herbivores. 


Aspen provides hiding cover for both girdling 
and browsing rodents from both terrestrial 
and aerial predators. 


T7 – 4 to 12 years Competition for light 
Aspen suckers will significantly overtop white 
spruce seedlings. 


Composition and Performance 


Competition for moisture 


At this point white spruce and aspen share the 
same rooting zone so compete directly for all 
three critical life factors – light, moisture and 
nutrients. 


  Competition for nutrients 


At this point white spruce and aspen share the 
same rooting zone so compete directly for all 
three critical life factors – light, moisture and 
nutrients. 


 Mechanical damage 


As white spruce saplings move into the mid-
crown zone of the aspen canopy in lightly 
tended or untended stands they are 
susceptible to whipping damage by aspen 
stems moving in the wind. 


  Cover for herbivores. 


Aspen provides hiding cover for both girdling 
and browsing rodents from both terrestrial 
and aerial predators. 







Alberta Silviculture Guide: Section 4   24 | P a g e  
 


stems bridge together under snow loading, resulting in white spruce seedlings being flattened and 
literally crushed by the snow pack. This phenomenon, called “vegetation press” or “snow press”, is 
the major limitation to white spruce seedlings in the northwestern areas of the boreal forest 
(Comeau 1996, Day 1994 pers. Comm.). In addition, decaying reedgrass stems form a grass thatch 
at the soil surface, which reduces soil temperature by two to four degrees © during the growing 
season. Reduced soil temperature effectively shortens the growing season due to delayed soil 
thawing and earlier soil freezing. The delay in soil thawing is particularly limiting to white spruce 
survival and growth. Reductions in soil temperature caused by reedgrass thatch also reduce aspen 
suckering. Small mammals (mice and voles) eat reedgrass seed and shelter in reedgrass thatch; in 
the winter when supplies of grass seed diminish they girdle seedlings and suckers by eating bark. 


Lieffers et al. (1993) suggest reedgrass root and rhizome structure (which comprise 85 percent of 
reedgrass total biomass) may pose physical limitations on white spruce and aspen root occupancy 
in the soil. This is of particular concern given the shallow nature of many boreal soils. 


Man et al 2008 described some of the mechanisms of competition between aspen, reedgrass and 
spruce. They were able to ascertain that in an untreated recently reforested area reedgrass posed 
a competitive challenge to both aspen and spruce. While aspen is competitive with spruce it is less 
so than reedgrass. In fact, they demonstrated that selective removal of the aspen resulted in 
significant increase in reedgrass competitive effect on spruce. In large part, this was due to the 
effectiveness of reedgrass in capturing soil moisture and nutrients. From this work, there did not 
appear to be an upper limit on nitrogen use by reedgrass; meaning as more nitrogen becomes 
available reedgrass simply grows more rapidly and uses whatever nitrogen is available (luxury 
use).  


Management of reedgrass must control and prevent the interaction of vegetation press and soil 
temperature reduction. When planting spruce, the easiest solution is to select white spruce 
seedlings sufficiently sturdy to resist vegetation press and sufficiently tall to stand up through the 
reedgrass thatch. This strategy is a successful first step but it does not address soil temperature 
reduction caused by the reedgrass thatch. This must be addressed by using raised micro-site 
planting spots. Finally, timely tending allows coniferous seedlings a longer interval (approximately 
two to three more growing seasons) without direct interaction with reedgrass. 


Reedgrass management is the most striking boreal example of the need for integration of 
vegetation management treatments. Unfortunately, the tending techniques that adequately 
control reedgrass after seedling establishment drastically reduce aspen (and other deciduous tree 
species’) density in treated areas. Thus, managing for both white spruce and aspen in areas with 
heavy reedgrass competition is daunting. In particular management for intimate mixtures of aspen 
and spruce in the face of reedgrass composition will likely require either selective site preparation 
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or selective tending, and in both cases, will likely require use an herbicide since only herbicide 
treatments are effective in providing long-term control of reedgrass root systems. 


4.3.3 ASPEN – ASPEN INTRA-SPECIFIC COMPETITION 


Aspen relies on large numbers of suckers or (very rarely) seedlings to rapidly colonize secondary 
disturbances. Aspen densities approaching (or even exceeding) 100,000 stems ha-1 are frequently 
encountered when vigorous, thrifty aspen are harvested on favorable sites. Clearly mature aspen 
and mixedwood stands carry far fewer stems. Perala (1990) indicates self-thinning in aspen begins 
at age 7 to 10 years and rises to a peak near age 15 (similar to the light bottleneck identified by 
Lieffers (2005)) at which time self-thinning diminishes quickly. 


Operational observations by the author do not dispute this but suggest that self-thinning may not 
be the only mechanism of aspen density reduction. The following mechanisms are suggested as 
other factors in the “Natural Reduction of Aspen Density”: 


• Browsing by large ungulates, particularly moose (Alces alces), is likely to pre-dispose 
some individuals to other mechanisms of density reduction. 


• Insect outbreaks of forest tent caterpillar (Malacosma distria), large aspen tortrix 
(Choristoneura conflictana), and bruce spanworm (Operophtera bruceata), if repeated 
over a two or three-year period, can reduce density of young aspen either directly or 
through physical damage by bears stripping the insect larvae from the young trees. 


• Disease attack, in particular shepherd’s crook (Venturia macularis), can reduce aspen 
thrift during wet years, substantially increasing the susceptibility of young trees to 
other mechanisms of thinning. 


It is suggested that these factors likely contribute to the phenomenon labeled self-thinning. That 
is, pre-disposition by an external stressor may impose a stochastic component on self-thinning of 
aspen that results in different rates (and possibly extents) of aspen density changes. This, in turn, 
would have implications for both aspen and spruce components of mixedwood stands. 


Unfortunately, quantitative guidance on these factors cannot be offered, but the silviculturist 
should consider these factors, especially previous outbreaks of insects or disease, when 
considering compositional objectives. 
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SECTON 5: Quantifying Plant Community Interactions 
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5 QUANTIFYING PLANT COMMUNITY INTERACTIONS 


Understanding the interactions between individual plants and among plant species is fundamental to 
managing plant communities. Management regimes and treatments based on a quantitative approach to 
understanding interactions are more defensible and repeatable than regimes that rely on subjective 
application of principles. Quantifying interactions in plant communities is generally undertaken by 
integrating direct measures of numbers, size and sometimes vigor of individual plants, and interactions 
between individuals or species with some form of “competition” model. 


The best competition models link the response of key species to the environment and mechanisms of 
competition. While numerous competition models for white spruce exist, there are no explicit early age 
competition models for aspen, or for mixtures of aspen and white spruce, where aspen is treated as a crop 
rather than as a competitor. (The Mixedwood Growth Model1 is a quantitative model that addresses 
performance of aspen, white spruce and mixtures of aspen and white spruce. The website for the model 
cautions against using the model before early, stochastic influences on plant community development have 
“settled down”.) While this manual attempts to address this deficiency, silviculturists should be aware of 
the inherent biases present in the models discussed and recommended. It is suggested the practitioner 
refer to Section 4.3 (Aspen White Spruce Facilitation & Competition) when considering competition model 
selection. 


5.1  ASSESSING AND INTERPRETING PLANT COMMUNITY INTERACTIONS 


Forest renewal is the most dynamic time in the life history of the forest plant community. It is characterized 
by an abundance of plant species and rapid changes in species and community dominance. To understand 
this time of community flux, the silviculturist is best served by an array of assessment and interpretation 
tools. Reasons for choosing specific competition indices (interpretation tools) are given in each section. 
However, the overarching rationale is described here. 


This manual divides stand renewal into discrete phases (T3, T6, and T7) described by the time units outlined 
in (Section 1) and recapped here with a specific focus on plant community development. The Aspen White 
Spruce Facilitation & Competition Table is linked to the temporal intervals to assist in considering the 
complex facilitative and competitive relationship of these species. Temporal phases are provided to simplify 
development of silvicultural processes - they are not biologically discrete. The temporal phases used are: 


T3 – Harvest phase process– while not strictly silvicultural this phase can have a substantial impact on the 
development of the plant community. Practitioners are referred to the Section 3 – Making Pre-treatment 
Silviculture Prescriptions (Section 3) for more discussion of harvest regime implications on reforestation. 


1 http://mgm.ales.ualberta.ca/ 



http://mgm.ales.ualberta.ca/
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T5 – Treatment phase process – marks initial action around implementing the reforestation plan. It includes 
site preparation, propagule deployment (planting, artificial seeding or leave for natural (LFN)). The Guide 
assumes prompt (within two years of harvest) initiation of the reforestation plan. 


T6 – The Establishment phase process (treatment to 4 years old) – is the most dynamic time in plant 
community development when the successional trajectory is most amenable to being “nudged”. It is during 
this phase that the silviculturist may have the most lasting and effective influence on both the composition 
and structure of the developing plant community. This is also the period when the effects of aspen on 
white spruce are likely to be more facilitative than competitive. 


T7 – Post-establishment to performance phase process (treatment at 5-14 years old) – is a time when the 
silviculturist must ensure that community composition does not shift in an undesired direction. During this 
phase of plant community assembly, aspen interaction with white spruce is likely shifting toward a more 
competitive condition whilst facilitative value is declining. 


Note that this manual does not recommend assessments of community interactions at all the times listed 
above. Rather, the silviculturist should choose among these timings based on local knowledge, overall 
forest management strategies and other considerations. It is suggested that the critical times for plant 
community assessment are T2 (Pre-Harvest) and T6 (Establishment phase). 


5.1.1 INTERPRETATION AND APPLICATION OF PLANT COMMUNITY ASSESSMENTS 


The following sections offer assistance in interpreting the results of plant community assessments and 
provide suggestions and comments on making vegetation management prescriptions to direct plant 
community assembly toward desired outcomes. To this end, it is imperative that the silviculturist has a 
clear understanding of objectives for both white spruce and aspen. 


SETTING COMPOSITIONAL OBJECTIVES 


The first step in developing and applying a vegetation assessment is to have clear, quantitative objectives. 
Objectives guide the practitioner in interpreting whether the current community status is likely to lead to 
longer-term success, or, failing that, whether treatment or re-thinking of objectives are appropriate to 
ensure the current community development trajectory is consistent with desired outcomes. Clarity in 
objectives is best obtained by quantitative description of composition by species. For example, “pure” or 
single leading tree species communities are better described by species with an associated minimum 
proportion of density, rather than by species alone (or conversely by defining a maximum “acceptable” 
proportion of density of other tree species). In addition, in single species communities a maximum density 
of “incidental” or non-leading species might be included in the compositional objective. Similarly, in mixed 
species communities desired densities for all desirable species should be set, rather than simply indicating 
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dominance. For example, a deciduous leading mixedwood might be described as aspen leading white 
spruce with a desired density of at least 5000 stems per ha with 500 stems per ha of white spruce.  


Practitioners are cautioned that uniformity in site occupancy is an important component of reforestation 
success that is not addressed by density. Therefore, a measure of site occupancy (i.e. stocking) should be 
included in management objectives. 


In managing plant communities to mixedwood objectives, clarity in density alone will not suffice. The 
silviculturist must clarify distribution objectives as well as density and stocking objectives. In mixedwood 
communities, the silviculturist must decide on how primary crop tree species’ distributions interact. The 
following phrases and definitions are the lexicon used in this manual to describe the three most common 
forms of crop species admixtures employed in managing mixedwood forest community reforestation: 


• Intimate - a mixture where spatial separation of species is on the scale of a few meters or less 
(Kabzems et al. 2007) 


• Aggregated - a discrete mixture of species where some influence of each species on the other is 
maintained. A minimum width of discrete patches of 30 m and a maximum patch size of 0.25 ha 
(Comeau 2007 pers. Comm.). 


• Segregated - a discrete mixture of species wherein influence of species on each other is primarily, 
or only, expressed at the interface between them. This is generally only applied to openings. 


5.1.2 ASSESSING THE PLANT COMMUNITY AT T1 – REMOTE ASSESSMENT, T2 – PRE-HARVEST 
ASSESSMENT, T3 - HARVEST ASSESSMENT AND T4 – POST HARVEST ASSESSMENT 


At these timings (T1-4), assessments are predictive as the plant community to be managed has not yet 
begun to develop. The predictive nature of assessments at these times allows the silviculturist access to a 
wider array of treatments than at any other time. Assessments at these timings focus on either presence of 
species likely to rapidly colonize the area, or on site suitability to key species that either rapidly colonize or 
compete vigorously with crop tree species. Treatments arising from these assessments can be made at, or 
prior to, stand establishment (T6); because coniferous seedlings will not be present, they will be immune to 
treatment. However, treatment effects on deciduous crop components should be considered prior to 
deployment. 


Assessing the potential direction of plant community development at these early stages is vital because the 
ability to deploy site preparation and propagules at the treatment phase (T5) is critical to silvicultural 
success. Site preparation and propagule deployment (Section 7, Section 8) set the direction of stand 
development. Most of the treatments in the site adjustment section (Section 7) of the manual impact plant 
community development. Potential impact of these treatments on plant community development is given 
in Section 7. Further, Site Adjustment Treatments are essential components in an integrated approach to 
silvicultural practice. Hence, the importance of accurate assessment, interpretation, and prediction of plant 
community development at time T1 through T4 cannot be overemphasized. 
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5.2 PRE-HARVEST (T2) ASSESSMENTS – VEGETATION ONLY 


This section (5.2) guides the assessment of vegetation parameters of critical importance in predicting plant 
community assembly after harvest. Site factors as summarized by edatopic position (Figure 5.1) are linked 
to potential competing vegetation in edatopes 20-31 (Appendix 2); these edatopes show fundamental site 
suitability ranges for key species. 


Predicting post-harvest establishment, growth, and risk of competition, depends on knowing site conditions 
(i.e. moisture and nutrient regime), and species pre-harvest extent and coverage. Risk of competition is 
assessed by integrating site conditions and the autecology of the species.  Generally, competition risk is 
highest on sub-hygric to mesic sites that are rich to very rich in nutrients; risk increases with proximity to 
the “ideal” edatope for the potentially competitive species identified prior to harvest.  Edatope 31 
(Reedgrass) is shown below in Figure 5.2. 


 


 


Figure 5.1 Competition risk generalized by edatopic position. 
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Typically, pre-harvest assessments are done at relatively low sample intensity (e.g. 1 plot per ha). Sampling 
pre-harvest vegetation condition at this low intensity may result in sampling error and relatively low 
confidence in results (see Section 6 for discussion on sampling).  


It is particularly important that the pre-harvest assessment capture all variability in site across the planned 
opening. By capturing this variability, the pre-harvest assessment establishes the reforestation units which 
are each discrete site units within the planned opening.  


In addition, the pre-harvest assessment provides the silviculturist the opportunity for input on how to and 
even whether to harvest. This is particularly important when either site severity or lack of deciduous 
propagule potential is likely to prevent reforestation success.  


5.2.1 REEDGRASS 


The most competitive species encountered in early seral mixedwood species management in the boreal 
forest is bluejoint reedgrass (Calamagrostis canadensis) (Bell et al. 1999). Reedgrass thrives on sites wetter 


Figure 5.2. Edatopic occurrences of reedgrass. 
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than modal (Lieffers et al. 1993). These sites include all sites where the moisture regime may be classified 
as sub-hygric, hygric, sub-hydric and hydric (MR 6-9). In addition, reedgrass can be successful on mesic and 
submesic sites with medium to rich nutrient regimes.  


Pitt et al 2015 quantitatively describe the effect of reedgrass on development of an intimate white spruce–
aspen mixedwood and how interaction between reedgrass and aspen results in very different outcomes for 
the white spruce compared to white spruce interacting with aspen or reedgrass independently. In 
particular, they quantitatively demonstrate the facilitative role of aspen in supporting white spruce survival 
and growth in the presence of reedgrass competition.  


Reedgrass will opportunistically take advantage of any competition control strategy which does not include 
controlling it (Man et al 2008) largely due to its aggressive rooting habit resulting in reedgrass more 
efficiently scavenging nutrients than other plant species. Furthermore, reedgrass reduces soil temperature 
below levels optimal for other species. Based on the invasive nature of this species, its potential for 
impacting reforestation success, and its wide distribution in the western boreal forest, pre-harvest 


assessments should identify presence and abundance (culms/m2) in pre-harvest assessment plots. Further, 
pre-harvest assessment surveyors should note presence and location of any reedgrass seen within the 
boundaries of the surveyed block area. 


5.2.2 ASPEN 


As a crop species and as both a facilitator of and competitor with white spruce, aspen merits careful 
attention; its performance potential is important in setting the stand management objective as well as in 
identifying potential vegetation management strategies. Assessment at this phase needs to consider 
several factors relating to regeneration potential of aspen: 


• Presence – determine whether or not aspen is present in the stand and conforms to the AVI 
descriptor. In effect, the pre-harvest assessment must confirm the mixedwood character of the 
stand. 


• Density – if aspen is present, its density in stems per hectare must be determined. A minimum plot 
size of 0.01 ha (5.64 m radius circle) centered on pre-harvest assessment plots should be used to 
determine aspen density. As variability in aspen density or distribution increases, the number of 
plots should be increased to reduce risk of sampling error (see Section 5). 


• Distribution – determine whether aspen is distributed evenly throughout the stand, is found in 
clumps, or the stand is somewhat segregated into hardwood and softwood components. An even 
distribution can be inferred if aspen occurs in all pre-harvest assessment plots. If aspen does not 
occur in all pre-harvest assessment plots, the occurrence and density of aspen in each plot should 
be mapped. 


• Vigour – determine the age and general thrift of the aspen component of the stand. Age of aspen 
at breast height should be determined using an overstory tree of median diameter. Aspen thrift can 
be assessed using a categorical assessment scale – the first portion of the Deciduous Propagule 
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Potential Tool is an example. Aspen thrift and the following constraining factors have been 
incorporated into the Deciduous Propagule Potential Tool. 


Constraints to aspen performance include: 


• Site moisture regime – sites drier than mesic and wetter than sub-hygric limit aspen growth. 
• Site nutrient regime – aspen grows best on medium to slightly rich nutrient regimes. Aspen growth 


is more constrained by poor nutrient regimes than it is by rich nutrient regimes. 
• Multi-generational diseases (e.g. Armillaria ostoyea) that infest aspen suckers from parent root 


systems. 
• High elevation (in Alberta, elevations above 1225 m) can be limiting to aspen growth (However, 


aspen can do well at higher elevations on south facing slopes if on well- drained soils). 


A discussion on using pre-harvest aspen presence, abundance, and vigor data to formulate mixedwood 
management objectives and establishment regimes appears in Sections 2 and 4.  


5.2.3 OTHER SPECIES 


Many species present in an unharvested stand have potential to interact competitively with both primary 
boreal mixedwood crop species (Arnup et al. 1996, Bell et al. 1999). These species include: 


• Herbaceous species including fireweed (Chamerion angustifolium), aster species (Aster 
macrophyllus and others) and lungwort (Mertensia paniculata). 


• Woody species including alder (Alnus crispa and Alnus tenufolia), willow (Salix spp.), white birch 
(Betula papyrifera), balsam poplar (Populus balsamifera), lodgepole pine (Pinus contorta var. 
latifolia), beaked hazelnut (Corylus cornuta), honeysuckles (Lonicera spp.), low-bush cranberry 
(Viburnum edule) and raspberry (Rubus ideaus). 


Presence and abundance of these species in the pre-harvest assessment plot should be recorded. 
Abundance of woody species should be recorded as density per hectare. Herbaceous and Rubus species 
should be recorded as percent cover in pre-harvest assessment plots. 


While other species, alone, will rarely result in a competitive burden limiting to white spruce or aspen they 
frequently contribute substantially to overall competitive effect. Therefore competition assessments must 
include all potential competitors to provide a complete assessment of competition for desired tree species. 


5.3 INTERPRETING PRE-HARVEST (T2) ASSESSMENTS 


This section provides only a synopsis of how to predict the development of the plant community over the 
first 14 years after forest harvesting. Several references provide detailed reviews of both the autecology of 
key species and offer guidance on how they are likely to interact with tree species. These references 
include Arnup et al. (1995), Haeussler et al. (1990), and Peterson and Peterson (1995). British Columbia 
Ministry of Forests has produced a series of monographs to assist practitioners in managing competing 
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vegetation. They are referenced by competing species complex and are available on-line at the BC Ministry 
of Forests website (URL is shown in References). It is recommended that these references be consulted as 
part of reading and using this section of the Guide. 


5.3.1 REEDGRASS 


A critical factor in reedgrass population dynamics is the presence of small openings in the mature (or over-
mature) forest caused by windblown white spruce. Reedgrass seed often invades these spots, as they are 
generally moist, frequently medium to rich in nutrients and the blow down event has exposed mineral soil, 
a necessity for reedgrass seed success (Lieffers et al. 1993). 


Collins (2001) describes the reedgrass disclimax phenomenon, demonstrating how invasion after harvest 
from pre-existing rhizomes results in site dominance by reedgrass within a season or two. Risk of a 
disclimax condition can be inferred from Lieffers et al. (1993): 


If the grass is found in every square meter of the understory prior to logging, there will be rapid 
spread when the stand is clear-cut unless clones are killed using herbicides or a deep burn. 


Comeau (2007, pers Comm.) suggests that when cover of reedgrass prior to harvest exceeds 25%, abundant 
reedgrass can be expected post-harvest. Clearly, reedgrass presence in the pre-harvest stand flags a high 
risk of reedgrass competition in the reforesting stand. Therefore, reedgrass merits special attention in 
developing community management strategies. In particular, site adjustment regimes (Section 7), 
propagule selections (Section 8) and anticipated deployment of vegetation management treatments, 
especially foliar herbicide treatments (Section 6.2), may be driven entirely by reedgrass competition. 
Section 2 discusses developing mixedwood and deciduous management strategies in the face of reedgrass 
competition. 


5.3.2 MIXEDWOOD MANAGEMENT WITH REEDGRASS COMPETITION 


Reedgrass is a particularly challenging problem to mixedwood and deciduous management as most 
silvicultural treatments for reedgrass management impact aspen success. Therefore reedgrass, particularly 
on wetter, richer sites may limit the ability to manage for pure deciduous or deciduous leading mixedwood 
stands. Note that some operational evaluation of pre-harvest reedgrass control has been undertaken with 
limited success (Kent 2006 pers. Comm.). 


The extent of reedgrass emergence can be checked by the presence of a vigorous aspen canopy post-
harvest (Pitt et al. 2015, Man et al. 2008, Pitt et al. 2005, Comeau et al. 2005, and Pitt et al. 2004). Thus, 
choosing a mixedwood objective may be a primary means of managing reedgrass. However, reedgrass 
competition may limit aspen emergence particularly on sub-hygric and wetter sites (see Edatopes 1, 21 and 
31; Appendix 2). In this case, or when a “pure” conifer objective is being pursued, it is important that 
reedgrass management treatments be anticipated in developing the silvicultural regimes as timing is a 
critical component of most mixedwood establishment regimes. 
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Silviculturists are referred to Dunbar et al. 20112 who provide an excellent reedgrass decision tool for use in 
stand establishment. 


In particular, if foliar herbicide treatment is likely to be used for reedgrass control, impact on aspen can be 
somewhat ameliorated by ensuring treatment occurs within two (2) years after harvest. Both operational 
experience (Formaniuk 2006 pers. Comm., Pike 2006 pers. Comm.) and several papers addressing either 
herbicide impacts on biodiversity (Sullivan et al. 1998) or longer term mixedwood effects of stand tending 
with herbicides (Pitt et al. 2004), suggest that earlier use of herbicides causes less long-term reduction of 
aspen density. Care is warranted when applying this approach as deciduous response to broadcast 
herbicide use varies with timing, application rate, conditions prior to and after treatment, site factors 
such as moisture regime and forest floor depth, and presence of herbaceous forb species such as 
fireweed. 


Therefore, use of broadcast herbicide treatment to control reedgrass may or may not benefit aspen, with 
significant impact on meeting deciduous management objectives should aspen fail to recover. 


5.3.3 ASPEN 


In mixedwood silviculture, understanding the dynamics of aspen establishment is critical to success. Aspen 
is necessary to successful regeneration of mixedwood and deciduous stands and plays an equivocal role in 
the regeneration of white spruce, acting as both a commensal facilitator and a competitor. Thus, the aspen 
regeneration potential gathered in the pre-harvest assessment is critical, both for setting objectives and 
determining establishment silvicultural regimes. 


Aspen reproductive potential is driven by a combination of biotic, site, and abiotic factors. Potential for this 
species as a crop or competitive species is directly linked to its reproductive potential. Figure 5.3 offers a 
conceptual approach to identifying the factors that control aspen reproductive potential and the main 
causal agents underlying them. 


                                                           


2 
https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjT3LqCyMfTA
hWa8oMKHaHACGoQFgg4MAM&url=http%3A%2F%2Fjem.forrex.org%2Findex.php%2Fjem%2Farticle%2Fdownload%
2F78%2F37&usg=AFQjCNE0S0iO8zafILCiImCQ3kxWlnjKIQ&sig2=UGMzsANF6UzjwKNQw1OJAw 



https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjT3LqCyMfTAhWa8oMKHaHACGoQFgg4MAM&url=http%3A%2F%2Fjem.forrex.org%2Findex.php%2Fjem%2Farticle%2Fdownload%2F78%2F37&usg=AFQjCNE0S0iO8zafILCiImCQ3kxWlnjKIQ&sig2=UGMzsANF6UzjwKNQw1OJAw

https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjT3LqCyMfTAhWa8oMKHaHACGoQFgg4MAM&url=http%3A%2F%2Fjem.forrex.org%2Findex.php%2Fjem%2Farticle%2Fdownload%2F78%2F37&usg=AFQjCNE0S0iO8zafILCiImCQ3kxWlnjKIQ&sig2=UGMzsANF6UzjwKNQw1OJAw

https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjT3LqCyMfTAhWa8oMKHaHACGoQFgg4MAM&url=http%3A%2F%2Fjem.forrex.org%2Findex.php%2Fjem%2Farticle%2Fdownload%2F78%2F37&usg=AFQjCNE0S0iO8zafILCiImCQ3kxWlnjKIQ&sig2=UGMzsANF6UzjwKNQw1OJAw
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Figure 5.3. Aspen regeneration potential and causal factors (from Frey et al. 2003). 


The following are some suggested thresholds for adequate establishment of aspen as a crop: 


• A minimum density of 35 to 80 stems per hectare in the unharvested stand (Greene et al. 1999). 
This density is based on several papers which found aspen suckering occurred within 10 m of 


parent trees. Thus, a single parent tree is capable of establishing aspen on approximately 300 m2. 
Therefore under “best case conditions” approximately 35 parent trees per hectare are required. 
Others suggest at least 50 (see also Peterson and Peterson 1995, Frey et al. 2003) and as many as 
80 stems per hectare (Kabzems, pers. Comm. 2007). 


• Even distribution of the stems across the proposed cutblock. 
• If using the Aspen Thrift Tool (incorporated into Deciduous Propagule Potential Tool), a minimum 


thrift rating of moderate. 
• If using the Deciduous Propagule Potential Tool, a minimum rating of “Likely”. 


Alexandruk (2003 pers. Comm.) adds the stipulation that stand age be less than 120 years. 


If an aspen stand (or the aspen component of a mixedwood stand) meets the foregoing criteria, aspen 
regeneration potential is sufficient to meet mixedwood and possibly pure deciduous composition objective 
via a leave-for-natural reforestation strategy. Note that site adjustment treatments may help overcome 
some of the reductions in aspen sucker potential associated with older stands (Fraser et al. 2003). 


If a pure deciduous stand is desired after harvest, the silviculturist must pay particular attention to aspen 
vigor and distribution, as root suckers are the only reliable aspen propagule, at present. Thus, sufficient 
propagules, with abundant suckering potential, are critical to successful establishment of deciduous stands 
(Frey et al. 2003, DesRochers and Lieffers 2001). 







Silviculture Guide: Section 5  13 | P a g e  
 


If a mixedwood condition is the objective, aspen distribution is less critical than for pure deciduous stands, 
but a clumped distribution of ramets may lead to clumping of clones after harvest. For mixedwood 
objectives, the vigor conditions outlined above remain critical. 


Frey et al. (2003) provide an excellent review of the many external factors affecting aspen sucker 
regeneration. They summarize current understanding of how the physiological phenomenon of suckering 
interacts with several environmental and operational factors. Silviculturists are advised to read this review 
as it provides a clear understanding of how operational practices and overall plant community status can 
impact aspen establishment. 


Several other factors affect aspen sucker regeneration. Identification of these factors in the pre- harvest 
assessment provides the opportunity to prevent some of them, and to anticipate the need to address 
others via site adjustment. These factors include: 


• Slope position and aspect. A mid-slope position and a southerly aspect are the most favourable for 
aspen, while toe of slope and northerly aspects are least favourable. Frey et al. (2003) suggest this 
phenomenon may be related to temperature regime. 


• Presence of reedgrass competition in the developing stand. Reedgrass competes with aspen on 
several levels: 


o For nutrients – reedgrass is a highly efficient scavenger for nitrogen (Hangs et al. 2003, 
Landhäusser and Lieffers 1998, Man et al 2008). 


o Reedgrass thatch cools soil below the range (>12°C) best suited to aspen sucker 
development (Landhäusser and Lieffers 1998). 


o Reedgrass root and rhizome mass may physically impede root development of other 
species (Comeau 2006, pers. Comm.). 


• Water logging and soil compaction. Waterlogging of aspen roots post-harvest can substantially 
reduce sucker number and vigour. At the pre-harvest assessment, potential for both waterlogging 
and compaction (which exacerbates waterlogging) can be identified. Potential for waterlogging is 
driven by available moisture (moisture sub-hygric or wetter) and fine textured soils (clay or clay 
loam). Traffic on such sites when they are wet and the soil is not frozen (i.e. summer harvesting 
when soils are wet) can result in compaction of soil macropores (McNabb et al. 2001), which in turn 
can cause waterlogging and create physical barriers to aspen root penetration. Good management 
practice can prevent compacted soil through adjustment of harvesting practice, see Section 5.4 for 
guidance. 


• In-block chipping. In-block chipping poses unique challenges to aspen regeneration. Hog fuel and 
chipper debris can insulate soil and prevent suckering (Mihajlovich, personal observation), and 
chipping activities result in greater compaction of roads and landings than whole tree logging. 
Conlin (2001) found aspen log decks and chip piles exuded a dark leachate that appeared to have 
an allelopathic effect on aspen suckering. 


Silviculturists should be alert for the risk factors identified above and address harvesting activities to ensure 
these risks do not eventuate, especially if a deciduous or mixedwood objective is desired. 
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5.3.4 HORIZONTAL STRUCTURE OF MIXEDWOOD STANDS 


While not an assessment consideration, the desired horizontal structure of mixedwood plant communities 
is critical to community establishment and adjustment decisions. Unharvested mixedwoods occur in a wide 
array of horizontal assemblages from intimate tree on tree mixtures (“salt and pepper”) and complex 
blends of three and four tree species through larger patches of aspen and white spruce. To simplify 
management decisions and treatment regimes, this manual uses a coarse separation of mixedwood 
structures into three categories – Intimate, Aggregated or Segregated. 


A mosaic of intimate and aggregated patches of varying sizes and shapes can be found in some areas. 


Aggregated stands with sharply defined patches of aspen, or segregated stands, tend to maintain the 
patchy or segregated pattern after harvest provided the sucker potential is maintained.  Attempts to 
increase aspen extent with stimulation of suckering post-harvest will be limited by the extent of preharvest 
aspen root penetration beyond the aggregated or segregated portion of the opening.   


 


5.4 AT-HARVEST (T3) ASSESSMENTS 


5.4.1 INTERPRETING AT-HARVEST (T3) ASSESSMENTS 


Assessments at harvest focus on harvest related impacts on site conditions or on vegetation that will 
influence subsequent plant community development.  At-harvest assessments focus on ensuring that 
harvest activities do not compromise silvicultural objectives. Harvesting activities can impact plant 
community development by impacting site quality or availability of propagules, either directly or indirectly. 


5.4.2 IMPACT OF HARVESTING  


The most critical impact harvesting can have on site condition is soil compaction. This is of particular 
importance as compaction substantially limits aspen sucker emergence. Because deciduous regeneration 
depends in large part on suckers as a leave for natural reforestation strategy, anything that reduces sucker 
emergence compromises deciduous or mixedwood reforestation objectives. 


Compaction is most likely if summer harvesting occurs on loamy and finer textured soils when they are 
moist or wet. McNabb et al. (2001) identified medium to fine textured soils at or above field capacity as 
being most at risk of compaction by multiple passes of harvest equipment during “summer” logging. 


The solution is prevention; ensure harvesting activity is stopped on areas of medium (clay loam) or finer soil 
texture if soil moisture is at or above field capacity. Most forest companies have developed guidelines 
and/or best practice manuals to deal with compaction and other site impacts from harvesting activities. 
Compliance with these guidelines, combined with equipment operator training, is the best way to ensure 
harvest activities do not jeopardize reforestation opportunities. Rude (2003 pers. Comm.) suggested that a 
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quick test for compaction risk is to toss a handful of wet soil at the side a skidder or forwarder tire. If the 
soil sticks to the tire, conditions are too wet and harvesting activity should be stopped. 


A second important harvest related effect on vegetation development is distribution of slash across the soil 
surface. Debris distributed across the soil surface can act as insulation. This is of particular importance on 
sites where aspen regeneration is desired and which are on aspects less than entirely favorable to aspen 
suckering (generally northerly and/or easterly aspects). By acting as insulation on these less than favorable 
sites, debris will hold soil temperatures below levels favorable to aspen suckering in a patchy fashion across 
the harvested unit. Landhäusser et al. (2001) found aspen growth potential (measured as assimilate 
production) was directly correlated with soil temperature, falling to negligible levels at soil temperatures of 
5°C. Baxter (2004) recommends that logging slash be spread no deeper than 15 cm to prevent inhibition of 
suckering. This condition may be exacerbated by the presence of reedgrass on sites with an easterly or 
northerly aspect. Silviculturists may wish to consider some form of slash abatement and/or reedgrass 
management on northerly and easterly aspect sites with abundant debris loads. If slash abatement 
treatments are planned when the soil is not frozen, they should be implemented when soil is not wet to 
ensure that they do not cause compaction. 


Optimal aspen suckering occurs at warmer (>12°C) soil temperatures (Frey et al. 2003, Baxter 2004, Fraser 
et al. 2002). Therefore, heavy slash loading after harvest may inhibit aspen suckering (Baxter 2004, MB 
Conservation 2005). Slash loading is likely to result in patchy emergence of aspen propagules due to areas 
of heavy slash burden more completely limiting aspen emergence than areas with little or no slash burden. 
Baxter (2004) and Manitoba Conservation (2005) agree that slash depths in excess of 15 cm are likely to 
reduce aspen sucker emergence. 


Wan et al. (2006) discuss a number of factors that influence the success of aspen sucker regeneration. They 
make the case that root damage and exposure at harvest can substantially reduce the number of 
propagules. No quantitative guidance or damage thresholds are given. 


Conlin (2001) found over-wintered aspen log decks and in-block chipping residues exuded a dark leachate 
that seemed to have an allelopathic effect on aspen suckering. This suggests a need for prompt and 
thorough clean-up of chipping residues and hauling of aspen prior to spring thaw. 


Harvesting may also cause the water table to rise due to the removal of vegetation that acted to control 
water levels through transpiration. If a raised water table results in the site moisture regime becoming sub-
hygric or wetter, use of mechanical site preparation to create elevated microsites may be warranted for 
conifer establishment. Furthermore, deciduous or mixedwood cropping objectives may be compromised. 


Raised water tables are rarely apparent at time of harvest, but if conditions favorable to a rise in water 
table are present then further monitoring (at T4) is warranted. Conditions that can indicate a likely rise in 
water table post-harvest include, in order: 


1. Slope position and local topography – i.e. depressional and toe slopes are most susceptible to a 
post-harvest rise in water table. 
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2. Fine soil texture – silty clay loam or finer. 
3. Poor drainage regime – imperfectly drained or poorer. 
4. Moisture regime sub-hygric or wetter prior to harvest. 


Furthermore, the practitioner should be aware of the potential impact of other operations within the same 
local watershed, as the compound effect of many smaller canopy removals may cause a general rise in 
water table as both transpiration and interception of precipitation are reduced. 


5.5 POST-HARVEST (T4) ASSESSMENTS 


The post-harvest assessment serves three purposes: 


1. It confirms presence of plant species likely to compete with crop species. 
2. It links seasonal and longer-term climatic variation to vegetation predictions. 
3. Finally, and possibly most importantly, post-harvest assessment ensures harvesting operations 


have not negatively impacted deciduous regeneration potential or coniferous reforestation chance. 


Confirming the presence of key plant species is straightforward - abundance (density or cover) of key plants 
should not be assessed due to disruption of the site caused by harvesting,. Instead, the post-harvest 
assessment should focus strictly on confirming the presence and general distribution (clumped, dispersed 
patches, even) of these species on the site. If post-harvest vegetation assessments are made after there has 
been sufficient plant community development to demonstrate composition and the likely rate and extent 
of community expansion, the same methods discussed in Section 5.6 Establishment Phase Community 
Assessments, should be employed. 


Seasonal or longer-term climatic variation can be addressed at the post-harvest vegetation assessment. The 
most frequently encountered influential climatic variation is sustained drought. Drought is likely to inhibit 
development of some species more than others; therefore, treatments to influence plant community 
development may be adjusted in the presence of on-going drought. The plant species by edatope charts 
(edatopes 20-31) may be used to infer susceptibility to drought. That is, plant species that perform well on 
dry (sub-mesic to xeric) sites are likely better able to tolerate seasonal or more sustained droughty 
conditions. As a caution, silviculturists should temper decisions to reduce treatment intensity or change 
treatment type with the awareness that site adjustment treatments cannot be changed or intensified once 
crop trees are established on site. 


5.5.1 POST-HARVEST SITE IMPACT ASSESSMENTS 


Post-harvest assessments are primarily useful for confirming high risk conditions identified in the pre-
harvest assessment. Specifically, post-harvest assessments can confirm whether soil compaction has 
occurred during logging activities. If compaction has occurred little can be done to alleviate it once it 
occurs. While compaction can be alleviated through use of sub-soil mechanical site preparation treatments, 
these treatments are likely to substantially reduce sucker regeneration potential. Thus, compaction may be 
reduced but aspen sucker potential is not greatly improved by the amelioration treatment. 
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Post-harvest assessment can determine if slash loads pose a threat to aspen emergence or attainment of 
conifer density/stocking. Slash loading can be reduced using either piling rakes or shear blades on crawler 
tractors. If slash abatement is undertaken, silviculturists should ensure that treatments do not unduly 
expose or damage aspen roots (Section 5.3). During slash abatement treatments, care, similar to that used 
in harvest operations, should be taken to prevent soil compaction. 


A post-harvest assessment will also provide an opportunity to assess how overstory removal has affected 
water table level. Conditions that indicate a likely rise in water table post-harvest include: 


1. Fine soil texture – silty clay loam or finer. 
2. Poor drainage regime – imperfectly drained or poorer. 
3. Moisture regime sub-hygric or wetter prior to harvest. 
4. Most importantly slope position and local topography – i.e. depressional and toe slopes are most 


susceptible to a post-harvest rise in water table. 


5.6 ESTABLISHMENT PHASE (T6) ASSESSMENTS 


Plant community assessments during the establishment phase are critical to success. During this stage of 
plant community development, herbaceous competition (including reedgrass, fireweed, , and aster species) 
and raspberry develops more quickly than larger woody species. Therefore, herbaceous species exert the 
greatest competitive constraint on crop tree species (Bell et al. 2000, Wagner 2000). Landhäusser and 
Lieffers (1998) and Man et al 2008 found reedgrass competition significantly reduced aspen growth. 
Similarly, herbaceous competition has been found to significantly slow the growth of white spruce (Eis 
1981, Cole et al. 1999, Man et al 2008). Balandier et al. (2006) discuss competition based on the life form of 
competing species. They describe early competition as primarily between roots; life forms with high specific 
root length (i.e. root length per unit weight) and erectile foliage (like reedgrass) compete best for soil 
resources, not light. Man et al 2008, Comeau et al. (2005) and Pitt et al. (2004, 2005) found aspen suckers 
reduced cover of reedgrass during and after the establishment phase. 


The establishment phase is the most dynamic stage in plant community development. Harvesting causes an 
increase in soil temperature, increased availability of water and a flush of soil nutrients (Titus et al. 2006). 
This flush of available nutrients contributes to dynamic forest plant community development. The 
overarching influence of herbaceous competition at this stage of plant community development is driven 
by the rapid emergence and growth of herbaceous species immediately after harvest disturbance. In much 
of Alberta’s boreal mixedwood forest the rapid onset of herbaceous vegetation is magnified by the 
disclimax nature of reedgrass – its presence in the understory prior to harvest facilitates its rapid 
colonization of harvested areas via both rhizome and seed reproduction. 


An especially critical aspect of plant community management in this phase of community development is 
the impact of herbicide treatments on deciduous tree species in the community. Herbicide treatments 
made within two (2) growing seasons after harvest greatly reduce the abundance of deciduous trees in the 
plant community and change species composition within the deciduous stand component but do not 







Silviculture Guide: Section 5  18 | P a g e  
 


eliminate deciduous trees from the eventual forest stand (Pitt et al. 2004 and Greenway unpub). Herbicide 
treatments made at this stage of community development are likely to shift dominance among deciduous 
trees from aspen to balsam poplar or birch. Broadcast foliar herbicide treatments made more than two (2) 
growing seasons after harvest may jeopardize the ability to maintain a deciduous crop tree component in 
the new community unless application methods or treatment areas are adjusted to ensure maintenance of 
a deciduous crop (see Section 4). 


Size and height relationships between crop trees and competing vegetation are important considerations 
when assessing the plant community at this stage of development. Height relationships translate fairly 
directly into an understanding of competition for available light. However, size relationships can also offer 
some insight into competition for nutrients and water. Thus an assessment method that integrates cover 
adjacent to subject trees and the relative size of crop tree seedlings (or suckers) and competing plants may 
better integrate all aspects of competition into an approachable management interpretation. 


See Section 6 for guidance in developing sampling regimes. The first step in accurately assessing community 
development is to stratify the community (each opening or cutblock) into homogeneous units based on 
composition and size of the plants making up the community. 


Stratification can be done by ocular assessment; however, with inexperienced assessors or when trying to 
stratify to relatively high precision it is advised that quantitative methods of stratification be used (see 
Section 5.6). Each vegetative stratum identified should be treated as a separate plant community for 
assessment and interpretation purposes. 


Once the opening has been stratified, data should be collected via crop tree centered sampling points. 
Sampling intensity and plot locations should be based on the size of area sampled and the estimated 
variability in vegetation across the area (see Section 6). Ensure sampling intensity is adequate to describe 
the community being assessed with reasonable certainty and without bias. Both are important as they 
ensure prescriptions and management actions are repeatable and defensible. 


5.6.1 DECIDUOUS CROP STATUS 


The most crucial establishment phase assessment for communities with a deciduous or mixedwood 
composition objective is the status of the deciduous crop. Deciduous condition during this phase is the 
critical determinant of likelihood that deciduous objectives will be met. Said plainly, if deciduous condition 
appears inadequate to meet long-term objectives, then objectives should be adjusted. Adequacy of the 
deciduous crop depends on the desired crop species population and the management objective. The 
following factors should be considered in assessing adequacy of deciduous crop population: 


• Deciduous objective. Density should be high enough that self-thinning and other stressors (see 
Section 4) are unlikely to reduce density below desirable levels. Estimates of aspen densities 
assuring success as a crop range from 30,000 stems per hectare (Kabzems 2007 pers. Comm.) 
through 75 000 (Greenway 2003 pers. Comm.) to 100 000 stems per hectare (Lieffers 2002 pers. 
Comm.). If full stocking is desired, distribution should be uniform across the reforestation site; that 
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is, deciduous saplings must be present across the entire site by year two after harvest. In effect, the 
aspen crop should be approaching full site occupancy within two or three years of harvest. 


• Deciduous leading objective. Deciduous density should be similar to that necessary to meet a pure 
deciduous objective. However, distribution is somewhat less critical as open or void areas in the 
deciduous crop tree distribution may be filled with coniferous seedlings to ensure site occupancy 
objectives are met. 


• Coniferous leading or coniferous objective. Deciduous distribution requirements are less stringent 
as deciduous distribution can be variable with coniferous seedlings eventually occupying areas that 
do not contain deciduous saplings. Deciding on an acceptable or optimal deciduous density in these 
circumstances presents a challenge. Deciduous saplings pose substantial competition to coniferous 
seedlings while offering nurse benefits to those same seedlings. Further, deciduous saplings in 
mixed species communities are subject to many of the same density reduction pressures that act to 
“self-thin” aspen in more pure aspen stands. Therefore, when planning desired aspen density in 
these communities, the silviculturist should consider: 


o Risk of frost or winter injury damage to conifers – if this risk is substantial, higher deciduous 
densities might be desirable. (Section 9) 


o Risk of browsing or other damage to crop trees – if this risk is substantial (for example, it is 
the “high” phase of the moose population cycle); higher deciduous densities might be 
considered. However if the snowshoe hare population cycle is high, lower deciduous 
densities might be preferred as there is some evidence to suggest that higher deciduous 
densities will provide hares and other browsers better cover and they will therefore move 
further into openings attacking both deciduous and coniferous seedlings. 


o The broader array of facilitative and competitive interactions between coniferous and 
deciduous seedlings; see Section 4 for discussion and summary of aspen-white spruce 
interactions. 


5.6.2 ASSESSING DECIDUOUS CROP STATUS 


Assessments of deciduous crop status should combine density and distribution. Both of these are readily 
drawn from a grid survey (e.g. survival survey, early regeneration survey, etc.) provided the survey uses 
fixed area plots and deciduous stem counts are made. If a grid survey is not undertaken a combination of a 
visual overview (preferably from above) that describes distribution and allows stratification with a density 
assessment will suffice. Density assessments should use either fixed area plots and stem counts or, if made 
visually, should be frequently checked against stem counts to ensure accuracy and repeatability of results. 


5.6.3 LIGHT-BASED COMPETITION INDEX 


This sampling method is premised on use of a light-based competition index (Comeau 1993) to integrate 
conifer crop tree status and community condition (see Section 5.8). This method was chosen for T6 – 
Establishment Phase assessments because it emphasizes herbaceous competition. In fact, this competition 
index tends to underestimate the competitive influence of woody plants on conifer crop trees (Comeau 
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1999 pers. Comm.). This index is easy to apply in the field as it utilizes visual estimations of cover on crop 
tree centered plots. Ter-Mikaelian et al. (1999) compared the repeatability and accuracy of visual cover 
estimates to quantitative evaluation of Photosynthetically Active Radiation (PAR) demonstrating that visual 
estimates of cover – provided they are done by the same assessor (or presumably if multiple assessors 
maintain calibration with each other) – are just as accurate and repeatable as quantitative assessments of 
PAR. Wang et al. (2000) found similar results comparing visual estimation of competition to three different 
quantitative measurements. Details of how to apply a competition index that interprets plant community 
interactions to a competitive status can be found in Comeau and Braumandl (1991).  


To apply the competition index, the assessor needs to quantitatively describe the plant community in a 
1.26 m radius circle centered on the conifer crop tree. The following steps outline how to do this. A sample 
tally card for collecting this information is found in the Comeau Competition Index Tool. The tally card is 
based on an Excel spreadsheet so it can be readily converted for use in handheld computers, tablets or 
personal data assistants (PDAs). Data collection steps are as follows: 


1. Locate the conifer crop tree seedling closest to the plot location determined by the sampling 
regime used (i.e. grid point or sequential survey location spot). 


2. Record the species of the conifer seedling and measure its total height to the nearest centimeter. 
3. Assess the hardwood component of the emerging community in the 1.26 m radius plot as follows: 


• Record deciduous species in order of dominance. 
• Measure the modal height of the deciduous community to the nearest centimeter. 
• Estimate the total ground cover of the deciduous layer. For covers less than 5% estimate to 


the nearest one (1) percent. For covers between 5 and 100% estimate cover to the nearest 
5 %. 


The plant community, excluding the dominant deciduous tree species, surrounding the seedling should be 
broken into layers based on height; a minimum of one layer and a maximum of three layers are suggested. 
Note that layers are not based on species so a single layer can have multiple species in it and a single 
species can occur in multiple layers. For each layer identified record the following: 


• Deciduous layer containing deciduous crop trees only, as per Step 3. 
• Dominant plant species (one or two species). 
• Modal height of the layer to the nearest centimeter. 
• Ground cover of each layer expressed as percent, with 100% equaling total cover. For covers less 


than 5% estimate cover to the nearest one (1) percent. For covers between 5 and 100% estimate 
cover to the nearest 5 %. Cover is best estimated using relatively small assessment units; split the 
circular assessment plot into four discrete wedge-shaped pieces each representing ¼ of the 
assessment plot. Then use one of the following two methods to estimate cover: 


1. Estimate total cover, by layer, in each wedge and average the result to get cover of that 
layer across the entire plot. 
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2. Estimate the proportion of 25% cover, by layer, in each wedge (i.e. a layer that fully covers 
a wedge gets 25% cover) and total the results to get cover or that layer across the entire 
plot. 


Note that total covers (i.e. cover of all layers combined) somewhat in excess of 100% are not uncommon at 
this stage of plant community development. 


Plant community assessment and interpretation at T6 is the first-time individual crop trees are present and 
subject to assessment. The presence of conifer crop trees drives the quantitative assessment. With 
quantitative assessment, there is an opportunity to set pre-determined limits to competitive interactions 
above which vegetation management treatments will be deployed. Called thresholds, these triggers to 
treatment are discussed prior to developing interpretive methods for T6 assessments (Section 5.7). Note 
that thresholds drive T7 - Composition and Performance community assessments, as well. 


5.6.4 STAND LEVEL ESTABLISHMENT ASSESSMENTS 


Remedial adjustments to prevent or offset silvicultural failures are more likely to succeed the earlier in the 
community development process that they are deployed. Promptness ensures remedial or re-treatments 
are less burdened by being behind the general thrust of community development. Therefore, 
establishment vegetation assessments might be linked, in time, implementation, or both, to a broader 
assessment of community development and silvicultural success. For example, competition assessments 
might be linked to survival assessments. 


Deciduous crop trajectory is generally evident within three or four years of harvest unless impaired by 
catastrophic factors like insect or disease outbreaks, untoward weather events, or similar stochastic 
influences. Therefore, stand level assessments at establishment provide timely insight into the likelihood of 
deciduous success. There are few interventions available to enhance deciduous success after stand 
initiation treatments are complete; so remedial treatment is unlikely to be feasible. However, if the 
probability of failure in the deciduous crop is unacceptably high, remedial treatments designed to bolster 
stand density or occupancy with coniferous plantings may be deployed. Prior to deploying coniferous 
remedial treatments, silviculturists should re-define stand level objectives based on density and spatial 
distribution of deciduous crop trees, site type, and need for/feasibility of remedial vegetation management 
or site adjustment treatments. 


For example, if gaps or voids in deciduous crop tree distribution are found in a community slated for a 
deciduous leading mixedwood stand on slightly wetter than modal sites (i.e. sub-hygric site), the 
silviculturist should diagnose the cause of gaps and may choose to revisit the compositional objective for 
the community before making remedial treatment prescriptions. If the gaps in deciduous density are due 
primarily to an overabundance of soil moisture, the silviculturist might choose to revise the objective to 
conifer leading condition and employ remedial site adjustment treatment to create raised microsites. 
However, if the primary cause of gaps was diagnosed as reedgrass competition the silviculturist might 
choose to integrate fill planting of coniferous seedlings with pre- or post-planting reedgrass control 
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treatment using herbicides, after changing the stand objective to reflect a more conifer dominated 
outcome. 


Silviculturists should determine what proportion of area not containing deciduous saplings would mean the 
deciduous objective is compromised. For example, a threshold of 50% would infer that reedgrass 
dominating half or more of the opening area would likely be cause for revisiting a deciduous-leading 
objective, as there are no operational treatments suitable for releasing deciduous species from reedgrass 
competition. 


Stand level vegetation assessments should assess the variability of the developing community using the 
following criteria: 


• Uniformity of species composition and presence of areas where composition is dramatically 
different. In particular, silviculturists should be on the lookout for pockets or clumps where 
reedgrass is beginning to dominate the plant community. 


• Deciduous crop tree density and distribution should be assessed for uniformity with particular 
emphasis on the desired compositional outcome. 


• Coniferous crop tree density and distribution should be assessed with emphasis on compositional 
objective(s) and survivability. Conifer survivability and growth potential can be more finely assessed 
using the herbaceous competition index assessment described in Sections 5.6 and 5.8. 


The Vegetation Management Process Tools for T6 – Establishment and T7 – Composition require the 
practitioner to input minimum densities and extent of deciduous needed to achieve the longer-term 
composition objective (and regeneration standards). Practitioners should set these minima prior to 
assessing vegetation and likely should set these standards with assistance from the management planning 
forester responsible for their long-term, strategic forest management plan.  


5.7 THRESHOLDS 


Thresholds are defined as “the point at which a physiological or psychological effect begins to be produced” 
(Merriam-Webster 2005). As used in this context, thresholds are pre-determined quantitative hurdles used 
to determine when to intervene in plant community development. 


Thresholds are generally based on biological parameters, either parameters measured directly or arising 
from a tool which integrates biological parameters. 


Thresholds are not independent of management. Thresholds are quantitative representations of a 
silviculturist’s acceptance of plant competition to crop species (that is, levels of competition below the 
threshold are tolerated whilst levels of competition at, or above the threshold trigger intervention). In this 
setting, thresholds do not meet the definition given for two reasons: 
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• Silviculturists generally accept some level of competition in the plant community being 
managed as the financial and, in the case of white spruce and aspen, biological cost of 
complete removal of competition below “true” thresholds is too high. 


• Mixed species stands must, almost by definition, accept some level of inter-specific 
competition as part of attaining their mixedwood status. 


Another key factor in managing plant communities is recognizing the existence of critical periods of 
competitive interaction. Wagner et al. (1999) discuss critical periods in the context of vegetation 
management to reduce competition. That is, the time period within community development when 
competition between desired (or crop) species and other species is most influential in determining the 
longer-term performance trajectory of crop species. 


Wagner (2000) offers guidance in setting thresholds for young conifers – this guidance may be generalized 
to address tolerant (or intermediate) and intolerant tree species. Figure 5.4 generalizes individual tree 
response to competition. It shows three “biological thresholds”, the precise location of which will be 
related to the tolerance of the tree species considered. Figure 5.5 illustrates critical periods for some 
eastern boreal species including intolerant (jack pine and red pine), intermediate (black spruce) and 
tolerant (white pine) species. 
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Figure 5.5. Critical periods for four eastern boreal conifer species (From Wagner et al. 1999, Wagner 
2000). 


Figure 5.4. Hypothetical relationship between inter-specific competition, tree survival and volume growth. 
The maximum- and minimum-response levels for tree survival and growth occur at different levels of 


interspecific competition. The maximum-response threshold for tree growth occurs in the shaded region 
under nearly vegetation-free conditions (From Wagner 2000). 
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5.7.1 SETTING THRESHOLDS 


Silviculturists should set thresholds for white spruce competition at establishment (T6 – T7) with the 
facilitative commensal and competitive nature of spruce-aspen interaction in mind (Section 4). The 
competition assessment models provided in the Guide (Comeau Competition Index Tool, Lorimer’s 
Competition Index Tool, and Light Threshold Tool) give practitioners the ability to estimate the idealized 
biological “cost” of competition in white spruce plantations. 


Practitioners must understand that competition models estimate impacts of competition as if it were the 
only factor limiting crop tree success (survival and growth). That is not the case as numerous other 
factors act to limit crop tree success. Therefore response to operational treatments is unlikely to be as 
“large” or as clearly defined as shown in the models. In particular, growth responses are likely to be less 
dramatic than suggested by the models as many factors act to limit growth. These factors include: 


• Less than complete treatment success. Herbicide treatment efficacy can be impaired by climatic 
conditions (D’Anieri et al. 1985) and motor manual treatments may require repetitive treatment to 
give “full” control (Biring et al. 1996). 


• Climatic factors such as drought or very wet years can result in less crop tree growth than optimal. 
• Competition rebound from treatment may be dramatic if seedbanking species are present prior to 


treatment (Dewey 1994). 
• Crop tree growth may be impaired by other stress factors including: insect attack, disease, 


herbivory, and mechanical damage associated with climatic events like wind or ice storms. 
• There is considerable evidence that soil nutrient levels are limiting to tree growth – in the absence 


of competition (Pitt et al. 2005 and 2004, Titus et al. 2006, Hangs et al. 2003 and 2002). 


Thresholds can be readily set during the early phases of the reforestation cycle as there is substantial short 
to medium term data to support the predictions of the various competition indices recommended with this 
Guide. Generally the shorter the term of the projection the more likely it is to be quantitatively correct. As 
the term of a projection lengthens, silviculturists should treat competition indices and associated 
thresholds as offering relative or comparative predictions of outcomes. Figure 5.6 (Wagner 2000) offers the 
silviculturist a conceptual model for setting thresholds based on growth responses. 


It is best to set thresholds prior to collecting field data as this reduces the likelihood of bias in setting the 
threshold. Silviculturists are advised to read the referenced material cited in this and other related sections 
to better understand the biological principles underlying the community assessment and competition 
integration models presented here.  


Clearly the risk amelioration afforded white spruce seedlings by aspen is an important consideration in 
determining the need for, type, and timing of competition management interventions. Further, 
silviculturists ignore the influence of herbaceous competition on early community development at their 
peril. Unfortunately, quantifying the “benefits” of the facilitative aspect of the aspen–white spruce 
relationship is more difficult for a number of reasons: 
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• The risks ameliorated vary in frequency, likelihood of occurrence, and severity from place to place 
and may also be changing with climate change. 


• Susceptibility to risk factors, both in extent and severity, vary with growing conditions and other 
silvicultural treatments. 


• Competition models do not quantify the separate impacts of woody and herbaceous competition. 


Thus, practitioners must, at present, set thresholds based on both quantitative effects data and an 
understanding of the risks faced in their area of operation. 


Risk assessment can be further refined in the case of frost damage, as topography, microsite, and seedling 
size all contribute to summer frost damage. A more detailed discussion of risk of summer frost damage 
appears in Section 10. Consult this section if this discussion suggests a risk of summer frost damage exists. 
Regions with a high risk of summer frost injury can be found on the Environment Canada Risk of Late Spring 
Frost Map found at: http://www.nrcan.gc.ca/earth-sciences/geography/atlas-canada 


If most of the active buds of seedlings in an area are below the projected frost line, the risk of injury may 
outweigh the benefit of competition reduction. Location of the projected frost line can be estimated by 
looking for areas without air drainage (Figure 5.7). The frost line is the vertical point in these areas where 
frost will find a way out and no longer be trapped. 


A significant challenge in setting thresholds in mixedwoods is that most crop tree response assessments 
focus on coniferous crop tree species (at least in the boreal environment) to the exclusion of deciduous 
crop species, and that longer-term response data is lacking. Thus, there is a clear need for data 
demonstrating trade-offs in crop volumes between deciduous and coniferous components of mixedwood 
stands under a variety of woody and woody-herbaceous competition conditions. These data would provide 
a more quantitative basis for evaluating the trade-offs inherent to managing the complex facilitative–
competitive relationship between white spruce and aspen. 


Figure 5.6. Schematic representation of the relationship between tree growth 
objective, target level of competition control, and level of stand productivity 
achieved (From Wagner 2000). 


 



http://www.nrcan.gc.ca/earth-sciences/geography/atlas-canada
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There is also a dearth of data allowing prediction of the longest-term effects of competition – that is, we 
have little ability to predict competition effects to rotation age from the end of the reforestation period. 
Two factors drive this lack of data. First, most of the mature North American boreal forest is still of 
“natural” origin and most of the northern European boreal forest is managed on a much smaller scale. 
Second, there is considerable time for stochastic factors to influence the final outcome when projecting 
yields (or any other outcome) at age 60 to 120 years based on conditions at age 15 or less. Therefore, 
caution should be used in giving credence to quantifying predictions of final harvest volumes based on end 
of reforestation phase stand conditions. 


 


Figure 5.7. Potential frost pocket location (©Incremental Forest Technologies Ltd. 2005) 


Down slope path of cold air 
drainage. 


Potential frost pocket 
– bottom of NW 
facing, steep slope 
with a high wall of 
trees that might 


t i  d i  Treed “end wall” preventing 
cold air egress from opening. 
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5.8 INTERPRETING ESTABLISHMENT (T6) ASSESSMENTS 


Establishment is the phase of community development where the broadest array of composition 
possibilities exists. Compositional options are broadest if sufficient coniferous propagules have been 
deployed and aspen suckering is abundant. 


This is also the phase where the facilitation value of aspen to white spruce is highest. White spruce is most 
susceptible to winter injury during the first three years after planting (McDonald 2004 pers. Comm., 
Formaniuk 2004 pers. Comm.) and will remain susceptible to frost injury until the majority of active 
meristems are above the frost line. Also, there may be a nutrient cycling benefit associated with aspen leaf 
litter. However, Hangs et al. (2002) demonstrate that aspen competition interferes with nitrogen uptake by 
white spruce seedlings. It is important to note that the facilitation of white spruce by aspen comes with a 
price in white spruce growth reduction due to competitive interactions between these species 
(Coopersmith and Hall 1998). 


Given the complexity of plant community interactions at this reforestation phase and the equivocal 
relationship of aspen-white spruce interactions, quantifying community interactions with aspen-spruce 
interactions addressed separately and within the overall assessment is prudent. Therefore careful 
interpretation of the data collected is essential to understanding this complex interaction. The competition 
index used at this stage of community development is driven by light. In effect, the competition index value 
acts as a surrogate for photosynthetically active radiation (PAR) reaching the white spruce seedling. By 
understanding the response of spruce seedlings to light the impact of competing species on white spruce 
growth can be interpolated from the competition index value. Note that the competition index provides a 
means of interpolating reduction in white spruce seedling growth from optimum conditions. In forest 
settings, a number of factors (competition, climate, site quality) drive seedling growth. 


Therefore, the competition index should not be treated as an absolute predictor of growth but rather as an 
aid in understanding the relative competitive status of seedlings. 


To interpret and assemble the data, use the Comeau Competition Index Tool. To use the calculator, data 
from each plot are inserted in the appropriate sections of the calculator, as shown in Figure 5.8. 
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Figure 5.8. Comeau Competition Index Calculator (derived from Comeau 1991). 


For each plot, competition index is calculated from cover and height data. The average values of total and 
deciduous competition are then tabulated, by stratum. The following stepwise approach to interpretation 
of competition index values is drawn from Comeau and Braumandl (1991) and treats all competition the 
same – essentially as herbaceous competition. 


By locating competition index values on Figure 5.9, the practitioner can estimate maximum impact of 
competition on white spruce seedlings. It is suggested that practitioners set a threshold value for 
competition index based on this chart, the compositional objective for the plant community being 
managed, and the practitioner’s perception of the need for aspen nurse crop values. Note that aspen 
facilitation diminishes with time; Section 4.3 (Tables 4.2a and 4.2b) summarizes facilitative and competitive 
interactions. It is important to note that survival on the chart below does not consider the facilitation value 
of deciduous trees, instead it is an idealized survival based entirely on seedling response to competition. 
Similarly, growth is a percent of optimum; practitioners should recognize that trees in a “wild” environment 
seldom attain optimal growth rates as other limiting factors (e.g. drought, moisture stress, herbivory, and 
nutrient deficiency.) act to reduce growth below optimal levels, even in the absence of competition. 
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Figure 5.9. Relationship of competition index values to optimal growth (after Comeau 1992). 


For communities where the management objective is a “pure” conifer condition, using the average Total 
Competition Index value will provide a clear understanding of the cost of competition to seedling 
performance. 


For mixed communities, the practitioner should consider both Total and Deciduous Competition Index 
values; the difference between these values shows the impact of competition that is not part of either crop. 
Thresholds for managing mixed species objective stands should consider the balance in composition 
desired. For example, one might tolerate less competition in a conifer- leading stand than in a deciduous-
leading stand. Thresholds should also consider the age of the community, as there is often more deciduous 
recovery following broadcast glyphosate herbicide treatments made within two years of harvest. 


The T6 Establishment Phase – Vegetation Management Decision Process provides a platform for integrating 
thresholds, Comeau Competition Index values, deciduous crop objectives, and treatment methods. For 
detailed guidance in how to use the process see the T6 Establishment Phase – Vegetation Management 
Decision Process Fact Sheet. 
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5.9 TREATMENTS AT ESTABLISHMENT (T6) 


Competition in the Establishment phase may be primarily herbaceous species or may be mixtures of 
deciduous tree, shrub and herbaceous species.  Treatments at this phase generally pose a significant risk to 
deciduous crop species.  Additional considerations at the establishment phase include facilitative influence 
of aspen on spruce and on limiting expansion and spread of reedgrass. Where the regenerating stand is less 
than three years old, the potential for aspen recovery is greater following treatment.  After three years, 
there is increased risk to aspen from treatment particularly for intimate mixedwood objectives where there 
is less opportunity to stratify an opening to target aggregated patches.  Careful integration of objective and 
likely future competition is thus required at the establishment phase.   


Figure 5.10 provides a generalized decision flowchart for treatment at establishment phase. Application of 
the decision flowchart assumes use of competition measurement tools and thresholds described in this 
guide for establishment phase assessments.  Additional flexibility on treatment options, such as broadcast 
herbicide, is available for conifer and conifer leading objectives for stands less than three years old.  The 
silviculturist, then, may be confronted by a choice between maintaining the facilitative benefit of aspen to 
white spruce and not compromising the long-term availability of aspen for mixedwood compositional 
objectives.  


It is recommended that practitioners also become familiar with the post-establishment phase (T7) options 
as treatments are largely limited to spot or patch herbicide treatments if a mixedwood composition is 
desired.   


As described for the post-establishment phase, if herbaceous competition is substantial it may be necessary 
to change objectives. For example, if a combination of reedgrass and deciduous tree competition is limiting 
white spruce survival and growth below acceptable limits, it might be appropriate to change objectives to a 
more deciduous oriented outcome. Another example is a situation where heavy reedgrass is limiting 
success of all tree species and a mixedwood composition is desired. In this situation changing objectives to 
a conifer condition would facilitate herbicide tending and fill-planting with coniferous seedlings. 
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Figure 5.10. Generalized decision flowchart for treatment at establishment phase. 
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5.10 POST-ESTABLISHMENT (T7) ASSESSMENTS 


Development of the plant community stabilizes and moves toward a condition reflective of the mature 
forest in the Post-establishment (5 to 12 years old) phase of development. The impact of opening the forest 
canopy is diminished and trends in longer-term community assembly become apparent. Silvicultural 
intervention can adjust but not set composition. Conversely, treatment at this phase can have a substantial 
impact on white spruce growth potential – a function of white spruce being an intermediate tolerant 
species. 


Over time community composition and trajectory are clearly evident. Treatments can reinforce an existing 
trajectory or somewhat alter a compositional objective but they are not able to produce the massive 
alterations in the assembly of the plant community induced by treatments in the Establishment (T6) phase. 


Focus on management objectives is important for several reasons. First, treatments made later in the 
community assembly process have a more lasting impact on composition (Greenway unpub., Pitt et al. 
2004). Second, herbaceous vegetation is no longer dominant and competitive interactions are more 
complex, i.e. woody plant species are competing with each other as well as with herbaceous vegetation. 
Third, management objectives must guide species extent and compositional complexity of mixedwoods. 
Fourth, relationships between white spruce and aspen are moving toward a more competitive and less 
facilitative state. 


At this phase of plant community development, treatments will focus on shifting composition toward 
management objectives. Therefore, community assessments need to determine if interactions between 
crop species (i.e. spruce and aspen) are competitive, facilitative, or both. Early on woody species 
competition may contribute substantially to overall competition burden while herbaceous competition 
(particularly from reedgrass) continues to limit crop tree growth. Therefore, both woody and herbaceous 
competition must be addressed. Later reedgrass may compete with both tree species but the community is 
moving toward a state where reedgrass will be excluded so herbaceous competition is unlikely to drive 
vegetation management decisions. 


Choice of competition assessment method in this phase is dictated by the nature of competition. If the 
competition is comprised of a mixture of woody and herbaceous species Comeau’s Competition Index Tool 
is likely the best choice; if competition is largely between woody species Lorimer’s Competition Index Tool 
is likely the better choice. 


 


5.10.1 HERBACEOUS VEGETATION ASSESSMENT 


Competition from herbaceous or/and younger woody species should be assessed using the light-based 
Comeau Competition Index Tool discussed in Section 5.8.  
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5.10.2 WOODY VEGETATION ASSESSMENT 


If aspen and spruce dominate the plant community herbaceous competition can be ignored. In these 
circumstances a simpler approach to assessing the white spruce–aspen interaction can be employed. 


Two methods of assessing white spruce–aspen interactions are available in this Guide. The nature of the 
interaction between white spruce and aspen determines which tool to use. If aspen consistently overtops 
the white spruce and clearly dominates the site, the Light Threshold Tool should be used. If the white 
spruce and aspen form a more co-dominant mixture, Lorimer’s Competition Index Tool should be used. The 
tools are differentiated into the foregoing uses because the Light Threshold Tool is derived from an aspen 
density by diameter table developed by Comeau (2003) to estimate understory light. It uses aspen size and 
diameter to calculate light availability to white spruce seedlings or saplings found within or below an aspen 
canopy. Lorimer’s Competition Index Tool is a more generic tool designed to compare site occupancy 
(assess dominance) between woody species. 


5.10.3 LIGHT THRESHOLD TOOL 


This tool allows flexibility in plot size; however, a plot radius at least equal to the height of a modal spruce 
seedling is suggested as a minimum. For example, if white spruce saplings are approximately 1m tall, a mil-


ha plot (1.78m radius) can be used; conversely if white spruce saplings are approximately 2.5m tall a 50m2 


(3.99 m radius) plot is suggested. 


To employ this tool, plots should be located as recommended in Section 6. Plot centers for this tool fall 
where the sampling design places them as the tool focuses strictly on aspen; it does not rely on presence of 
a white spruce seedling to calculate the competition value. Sample tally cards for this tool are found with 
the Tool. Data collected in the sample plot are: 


1. Tally all aspen (and balsam poplar) saplings in the plot by diameter in 1cm diameter classes. 
Measure diameter at 30 cm above ground (D30). 


2. Record the diameter tally in the Light Threshold Tool Calculator. 


Note: Recent work in northeastern British Columbia suggests that quantifying absolute light values with 
this tool requires local calibration of the tool (Comeau et al. 2006). This has not yet occurred for Alberta 
conditions. Therefore, results obtained with this tool should be used as relative predictors (i.e. compared 
with each other), not as absolute predictors of light values. 


 


5.10.4 LORIMER’S COMPETITION INDEX 


Several competition indices for woody species interaction have been developed. Most relate either 
diameter or basal area of the subject species. That is, the competition index is the result of dividing the 
cumulative diameter or basal area of one species by the cumulative diameter or basal area of a second 
species or group of species. Quantitative assessment of interspecific competition between woody plants 
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seems to hinge on site occupancy; the competition indices attempt to quantify this relationship. Site 
occupancy is a function of three disparate factors: density of each competing species, distribution of each 
competing species, and size of competing species. This might be generalized as: 


Site Occupancy = ₣ (density, distribution, size). 


Therefore, using cumulative diameter or basal area addresses two of the key variables: density and size. 


Some competition indices are distance independent using the basic calculation described above. Others are 
distance dependent using some measure of distance between the trees forming the competition index to 
more finely quantify competition. The following theoretical equations describe woody species competition 
indices (CI): 


CI Distance Independent= ∑ Basal Area Species 1 ÷ ∑ Basal Area Species 2 


CI Distance Dependent = (∑ (Basal Area Species 1 ÷ Basal Area Species 2) ÷ Distance between Individuals 


Choice of competition index is somewhat equivocal as the literature does not give a clear sense of whether 
distance-dependent or distance-independent competition indices are more quantitatively reliable in 
assessing competition. Comeau (2006 pers. Comm.), Stadt et al. (2002), De Luis (1998), and Clinton et al. 
(1997) all assert that distance independent competition indices accurately predict impacts of competition 
on crop trees. Conversely, MacIssac and Navratil (1996), Ferment et al. (2001), Mailly et al. (2001), and 
Canham et al. (2004) all suggest distance-dependent competition indices are more predictive of 
competitive interactions. 


Careful reading of the literature suggests that distance dependent indices are more explanatory when 
assessing inter-specific competition between intolerant species. Comeau (2006 pers. 


Comm.) proposes that in the boreal environment, quantifying these parameters suffices because aspen is 
usually distributed across reforested areas uniformly enough to ignore distribution effects on competition. 
Distance independent indices adequately explain competition between an intolerant and tolerant species. 
Therefore Lorimer’s Competition Index (Lorimer 1983) is recommended for ease of implementation. 


Lorimer’s Competition Index provides a distance independent assessment of interspecific competition. It 
relates relative abundance of conifer and deciduous stems (via accumulated diameter) to create a numeric 
index using the following formula: 


∑ (Di)/Dc= CI Lorimer 


Where Di = basal diameter of the ith woody competitor, and Dc = basal diameter of the subject coniferous 
seedling. 
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Plots should be located as recommended in Section 5. A plot radius of 2.99 m is suggested. Sample tally 
cards for this competition index are found with the Tool. The white spruce nearest the nominal plot centre 
becomes the crop tree. Based on this tree the following measurements are made: 


1. Basal (15 cm above ground level) diameter of the white spruce crop seedling. 
2. Basal diameter of all aspen in the 2.99m radius circle. 


A compiler for assembling these data and an interpretive guide to Lorimer’s Competition Index are found in 
the Lorimer Competition Index Tool and the included Lorimer Competition Index Tool Fact Sheet. 


5.11 INTERPRETING POST-ESTABLISHMENT (T7) ASSESSMENTS 


The Post-establishment phase may be a time of transition or it may be a time when transition is well 
advanced. If the community is transitioning from an herbaceous state to a woody species dominated 
condition, the silviculturist will likely have employed both the herbaceous competition index assessment 
and the light threshold tool. As discussed in Section 5.9 the herbaceous competition index should not be 
used alone at this phase. Results of the Comeau’s Competition Index assessment should be compiled and 
interpreted as shown in Section 5.8. Thresholds should be set as described in Section 5.7. 


The following provides guidance in interpreting woody competition indices.  


5.11.1 INTERPRETING THE LIGHT THRESHOLD TOOL 


The light threshold tool integrates aspen diameter and density to estimate light availability within and 
under the developing aspen canopy. While the tool is not calibrated for Alberta, Comeau (2006 pers. 
Comm.) considers the tool sufficiently accurate for operational assessment purposes. Comeau (2003) 
discusses the light levels and aspen data on which the tool is based. The tool simply compiles and translates 
aspen diameters into quadratic mean diameter, and aspen numbers into density. It then indicates where 
this places the stand on a chart of light availability to white spruce, with some measure of statistical 
reliability. The chart also shows some nominal boundaries of white spruce behavior at higher and lower 
levels of aspen competition. (Quadratic mean diameter is a calculated value that represents the diameter 
of the tree with mean basal area). Again, the practitioner is cautioned that these values do not represent an 
absolute growth function; instead they represent site growth potential in the absence of other constraints. 


The following is one approach to applying the Light Threshold Tool; practitioners may choose to develop a 
different approach to meet their specific needs. 


It is recommended that individual vegetation assessment plots be compiled and placed on the figure that 
shows the impact of the aspen community structure on white spruce growth potential. The practitioner 
should then record dispersion of individual plots across the range of interaction. The frequency of 
occurrence at a specific level of competition could then be used to set thresholds and determine if 
treatment is required. Broad categories of competition are: 
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• Light levels are below those necessary for white spruce survival. Aspen density by quadratic mean 
diameter is plotted above the upper red line on the graphic output of the tool. 


• Light levels are between those necessary for white spruce survival and those giving 66% of optimal 
spruce diameter growth. Aspen density by quadratic mean diameter is plotted between the upper 
red line and the lower blue line on the graphic output of the tool. 


• Light levels are above those giving 66% of optimal spruce diameter growth. Aspen density by 
quadratic mean diameter is plotted below the lower blue line on the graphic output of the tool. 


While the light availability to survival relationship used above is essentially a physiological phenomenon, 
the light availability to 66 percent of optimal diameter growth is an arbitrary relationship. This level was 
arrived at through discussion with Comeau (2006) to identify a light level, and by inference a level of 
competition, that would likely be attainable at reasonable cost. 


5.11.2 CALCULATING AND INTERPRETING LORIMER’S COMPETITION INDEX 


Lorimer’s Competition Index is a simple ratio of cumulative deciduous diameter to subject conifer diameter 
and thus provides a distance-independent assessment of interspecific woody plant competition. To compile 
data and calculate this competition index use the calculator provided in the Lorimer Competition Index Tool 
as described in the included fact sheet.  The tool output is a summary of Lorimer’s Competition Index 
values. 


Delaney (1995) suggests that a ratio of 1.0 or greater of competition to white spruce using a diameter or 
basal area based competition index will jeopardize white spruce performance. MacIssac and Navratil (1996) 
suggest the threshold is between 0.75 and 1.0. Practitioners are advised to set thresholds based on 
composition objectives as well as white spruce performance criteria. Attention should be given to the range 
and distribution of competition index values as a range of competition index values is likely acceptable in 
managing communities to mixedwood objectives. 


5.12 TREATMENTS AT POST-ESTABLISHMENT (T7) PHASE 


Competition in this phase is transitioning from herbaceous species to interspecific and intraspecific woody 
competition. Early in this phase herbaceous competition may still exert considerable impact on coniferous 
seedlings (and possibly aspen suckers). Therefore, treatments for herbaceous competition management 
may be necessary. Such treatments pose significant risk to deciduous crop trees. Conversely, facilitative 
influences of aspen on white spruce have become substantially lower. Therefore, broadcast herbicide 
treatments for herbaceous competition management may be useful for managing to a “pure” conifer 
condition. If a mixedwood condition is desired, spot or patch herbicide treatments are likely the only 
practical herbaceous competition management options available. Even these choices are likely to damage 
aspen sufficiently, presenting a challenge to attaining a deciduous dominated condition. 


Therefore, if herbaceous competition is substantial it may be necessary to change objectives. For example, 
if a combination of reedgrass and deciduous tree competition is limiting white spruce survival and growth 
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below acceptable limits, it might be appropriate to change objectives to a more deciduous oriented 
outcome. Another example is a situation where heavy reedgrass is limiting success of all tree species and a 
mixedwood composition is desired. In this situation changing objectives to a “pure” conifer condition would 
facilitate broadcast herbicide tending and fill planting with coniferous seedlings. 


A number of treatments are available to manage woody competition around individual conifer crop trees. 
Motor manual control using brushsaws to cut competing individuals down is the most common method of 
treatment. A modification of this treatment that is gaining favor is including a cut surface herbicide 
treatment to increase durability of control when treating root suckering and/or basal sprouting species. 
Basal bark application of triclopyr herbicide has been used for this purpose as well. 


Figure 5.12 shows a schematic approach to making vegetation management treatment prescriptions. 
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Figure 5.12.  Generalized decision flowchart for treatment at composition or performance 
phase.  
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6 EVALUATING INFORMATION IN SILVICULTURE DECISION-MAKING: METHOD AND ERROR 


Making silviculture prescriptions is a challenging task; the four main factors that contribute to this are 
described below. First, reforestation sites are extremely complex. The following summarizes some of the 
variables driving site complexity: 


1. Overarching site factors influencing reforestation chance include: 
• Edatopic grid position. Also referred to as moisture nutrient regime (MNR), which 


describes fundamental aspects of site capability and determines general suitability of 
the site for various tree species. MNR can change dramatically across a reforestation 
area. This is especially true when openings include more than one vegetation (AVI) type 
or are on topographically complex terrain. 


• Meso-topographic position. Includes slope and aspect, which may significantly affect the 
site potential described above. These factors can vary dramatically across a single 
reforestation area, especially since apparently minor variations in aspect can 
substantially change reforestation outcome. 


2. Edaphic factors that alter or determine reforestation chance, including: 
• Soil drainage – in particular, impeded drainage which can limit reforestation success. 


Drainage can vary substantially with changes in elevation as small as a fraction of a 
meter. 


• Soil texture – helps determine site suitability for certain species. It is directly related to 
soil drainage but also contributes to potential for compaction. 


3. Dense adjacent vegetation and the placement of openings can result in impeded cold air 
drainage thereby substantially increasing the risk of frost damage to seedlings if late spring 
frosts occur. 


Second, vegetation, both pre-harvest and during the reforestation process, significantly impacts 
reforestation outcome. Vegetation present prior to harvest drives propagule availability for deciduous 
regeneration and competes with crop trees for site resources. Pre-harvest vegetation can be quite 
variable depending on stand history (including previous logging, low intensity fire, and windthrow), site 
gradients, and other industrial disturbances in or near the reforestation area. 


Third, climatic variation can significantly alter community assembly trajectories. Drought or wet 
conditions at or near the time of planting determine seedling survival rates and the reproduction 
success of both competitors and crop species. 


Fourth, forest soils in Alberta are frequently imperfectly drained which means even very minor 
variations in ground surface topography may result in seasonal flooding – particularly during the spring 
thaw. This generally occurs at a scale of a few meters. Because the flooding occurs during a time when 
trees are very vulnerable it frequently causes small patches of seedling mortality. This variability in 
reforestation success, while not likely to compromise reforestation success on its own, is additive with 
other stressors and can shift a marginally successful reforestation outcome to failure. 
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Confronted with these four factors (complexity of pre-harvest conditions, the variability in post- harvest 
vegetation, the stochastic influence of climate, and seasonal flooding), practitioners must collect 
information on the factors that drive reforestation effort toward success, or, potentially more 
importantly, cause reforestation failures. In addition to capturing this inherent natural variability, 
practitioners should understand the reliability of the information they collect. Proper decision-making 
requires effective, accurate information collection and processing. There are several different ways in 
which reliability of information can be eroded: 


1. Poor implementation of sampling protocols – direct assessment errors in species identification, 
measurement, density counts, vegetation cover estimates, etc. This is the simplest form of 
accuracy erosion; effectively the information is without, or of lower, value because it is simply 
incorrect. 


2. Error associated with insufficient sampling and or the poor selection of sample plots locations. 
This is a subtler form of information erosion and arises when sampling methods are inadequate 
to ensure the entire area is being assessed correctly (representatively). Sampling quality is 
eroded when assessors do not assess the entire area or when areas of potential difference are 
overlooked. Often expediency in reducing cost or increasing productivity causes this problem. 
This is especially important when assessing very complex sites or in areas containing 
environmental gradients. Another common cause of insufficient sampling is collection of 
substantial amounts of information at each assessment location – resulting in a great deal of 
detail at the plot level but making sampling broadly across the proposed opening extremely 
onerous. Far better then, to collect critical information – edatopic grid position, risk of frost 
injury, seedling heaving or seasonal flooding, presence and abundance of critical competitive 
species and condition of aspen necessary to evaluate deciduous propagule potential – at each 
of several plots located to ensure the variability inherent in the proposed opening is 
adequately assessed. 


3. Assessing inappropriate parameters. Wherever possible, use information from direct 
assessments: for example, when assessing soil drainage, information from “scratch pits” is much 
more reliable than only using indicator species. 


These problems associated with information gathering and assessment can quickly lead to decisions 
(prescriptions) that, although correctly based on the information, lead to failure when implemented 
because the information was incorrect or insufficient. For example, not capturing the range of site in an 
area contributes to making incorrect estimates of limitations or challenges, leading to either failure or 
inappropriate levels of silvicultural effort. 


6.1 THE ROLE OF RISK IN SILVICULTURE DECISION MAKING 


Silvicultural decisions are challenging. They trigger the expenditure of substantial amounts of money and 
carry with them the risk of failure. Good silviculture decision-making requires a thorough understanding 
of the biology underlying reforestation, the ability to weigh costs and benefits of specific silvicultural 
practices, and a clear understanding of risk. 
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With regards to risk, statisticians refer to two “types” of error made when accepting or rejecting 
hypotheses: 


1. Type I errors occur when an incorrect hypothesis is accepted as correct. In a silvicultural sense, 
this suggests accepting levels of risk that create too great a likelihood of failure. 


2. Type II errors occur when a correct hypothesis is rejected as incorrect. Type II errors are often 
due to setting too high a statistical significance hurdle. Silviculturally speaking, a Type II error 
occurs when the silviculturist “overbuilds” silviculture prescriptions or processes due to a 
perceived risk level that is over-estimated. 


Typically, silviculturists make Type II errors; this is largely a function of there being little to no margin for 
silvicultural “failure”. That is, reforestation outcomes are generally subject to some form of regulatory 
“pass-fail” scrutiny. In order to routinely “pass” all openings in the face of environmental and climatic 
variability silviculturists tend to “overbuild” reforestation prescriptions. 


6.1.1 “TYPE I” ERRORS DUE TO LACK OF INFORMATION 


Variation in site factors can greatly influence silvicultural outcomes because the success of treatments, 
especially site adjustment and propagule selection, is strongly correlated with specific site conditions. If 
site conditions that are best met with a specific treatment regime vary across the reforestation area, it is 
imperative that the silvicultural prescription reflect this. 


Treatment necessary for success under one set of conditions often prevents success elsewhere. For 
example, modal sites with imperfect drainage may require site adjustment to ensure that drainage is 
favorable to conifer seedling establishment. On these sites, mechanical site preparation should focus on 
a modestly raised microsite, simply sufficient to ensure drainage is maintained. A ripper is often an 
effective means of achieving the sort of modest increase in microsite elevation necessary to success. 
However, on poorly drained hygric sites, ripping is much less effective in improving drainage because it 
often physically impedes water movement off-site during the spring freshet, resulting in seasonal 
flooding. 


If inadequate sampling, information, or knowledge of the general site leads to the reforestation area 
being assumed to have all the same site conditions due to when it does not, in effect a Type I error has 
occurred and reforestation efforts will fail on areas that do not match the assumed site conditions. This 
is demonstrated in Figure 6.1, in which inadequate knowledge of variation in site conditions resulted in a 
blanket treatment prescription for ripping. As a result, ripping was applied on both appropriate (modal – 
sub-hygric) and inappropriate (sub-hydric) sites within the same reforestation area. 
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6.1.2 OTHER FACTORS CAUSING “TYPE I” ERRORS 


Several other factors can contribute to Type I errors (i.e., errors of omission) in silviculture. These 
include: 


1. Delaying initiation of reforestation efforts in anticipation of natural regeneration. This 
frequently occurs in areas being managed for deciduous regeneration from suckers where 
silviculturists do not pay adequate attention to the distribution of ramets prior to harvest, 
resulting in gaps or holes in regeneration due to a lack of propagules. 


2. Attempting to rely on a treatment to achieve objectives better met with a different component 
of the silvicultural regime, often simply because the treatment is being used elsewhere in the 
opening. An example is attempting to use large planting stock to obviate the need for a site 
adjustment treatment. 


3. Not recognizing when the relationship between white spruce and aspen changes from 
commensal to competitive. While aspen performs a nurse function early in the establishment of 
white spruce, the relationship moves toward a more purely competitive status soon after the 
white spruce becomes fully established. At that point, spruce growth, and occasionally even 
survival, can be compromised by continued intimate mixing with aspen. 


4. Underestimating risk or the impact of risk on silviculture success. For example, basing planting 
density on seedling numbers necessary at regeneration survey time without adjusting for likely 
mortality between planting and survey. 


Figure 1. Error in site adjustment due to lack of information about site variability. 


Sub-hygric area suited 
  


Sub-hydric area not suited 
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6.1.3 “TYPE II” ERRORS INFLUENCE ON SILVICULTURAL CHOICES 


Silviculturists in the boreal forest work with long timelines between treatment and outcome, which 
means the inadequacy or unsuitability of treatments may not become apparent for several years. 
Wagner (2005) lists promptness as one of his ten principles for reforestation success. 


Compromising promptness may allow some problems to become overwhelming, such as development 
of solid stands of reedgrass with the concomitant development of a deep, insulating thatch layer that 
act together to make reforestation almost unattainable. 


Faced with these sorts of challenges silviculturists tend to “err on the side of caution” and apply a more 
robust silviculture regime than necessary to achieve success as unvalued insurance against failure. This 
is frequently compounded by the evolutionary nature of silviculture process development. Specific 
treatments or practices tend to evolve discretely and be included in silviculture regimes without 
considering how they impinge on other components of the silviculture regime. 


A classic example is the evolution of reedgrass management in Alberta. Reedgrass has been an ongoing 
challenge to successful reforestation of boreal sites since clearcutting became prevalent in the mid to 
late 1960s. Early attempts to use blade scarification and artificial seeding frequently failed in the face of 
reedgrass competition. Progressively more aggressive site adjustment treatments were developed to 
“get trees by the grass”. At the same time, the growth of large, physiologically conditioned planting 
stock was being perfected as another reedgrass management strategy. Both strategies offered some 
measure of success but with little predictability. By the early to mid-1990s silviculturists routinely used 
substantial site adjustment treatments (e.g., excavator mounding) coupled with planting very high 
densities (1600 stems/ha plus) of large, physiologically conditioned white spruce seedlings in an effort to 
manage the risk of reedgrass competition. With the advent of operational use of glyphosate herbicide 
(in 1995), silviculturists were able to routinely achieve successful conifer reforestation on sites that were 
formerly almost impossible to manage because of reedgrass competition. However, silviculture regimes 
were amended by adding glyphosate to the previously evolved regime without examining intensity of 
site adjustment and propagule deployment, which might be reduced given the success associated with 
herbicide use. In effect, silviculturists were reluctant to accept that the reliability of silviculture regimes 
including glyphosate was sufficiently high that previous risk reduction strategies could be adjusted. 


In practice, lacking quantitative understanding of risk, silviculturists tend to make “Type II” errors. That 
is, silviculture decisions are made very robustly – in effect overbuilding the silviculture system to guard 
against failure, regardless of the likelihood. 


6.2 REDUCING ERROR IN SILVICULTURE INFORMATION COLLECTION 


The following suggestions are offered as guidance in reducing error in collecting silviculture decision-
making information. These suggestions do not offer a statistically rigorous approach to information 
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gathering; rather, they offer practitioners guidance in conducting meaningful, accurate reconnaissance 
of silviculture conditions and challenges. 


6.2.1 USING SAMPLING INTENSITY TO REDUCE ERROR 


Sampling intensity should be determined prior to beginning data collection. If possible, the entire area 
being assessed should be viewed. This is especially useful in assessing variability of the subject area and 
works more effectively after harvest than before. Therefore, this approach may be best suited to Post-
Harvest (T4) and vegetation assessments at Establishment (T6), Composition (T7) and Performance (T8) 
management phases. 


When assessing the entire area is not possible, or when using defined assessment plots, sampling 
intensity should be pre-determined and given to assessors. Sampling intensity might be specified a 
number of ways: 


• A fixed number of plots in each reforestation area; 
• A diminishing sliding scale of plots per unit with multiple plots in larger units but with a wider 


spacing between plots as the area of the unit increases; 
• A fixed number of plots per unit area; or 
• A sliding scale of plots per unit area based on the overall area, with larger units receiving less 


plots per unit area than smaller ones. 


When determining sampling intensity, it is often worthwhile to increase intensity if there are high risk 
indicators on the site (See Section 10 for site constraints and Sections 4 and 5 for biotic constraints). 
Given the high cost of silviculture failure and the similarly high cost of overbuilding treatments, 
identifying and understanding challenges prior to prescribing silviculture regimes or specific treatments 
is likely to be of great value. 


6.2.2 MANAGING VARIABILITY TO REDUCE ERROR 


While assessments cannot reduce site variability, it is possible to manage variability and thereby reduce 
the error associated with it. The best way to manage variability is to group like conditions and sample 
them as discrete units (Figure 6.2). Commonly referred to as stratification, dividing assessment areas 
into like “groups” should be based on similarity in the conditions or factors being sampled. To reduce 
error, stratification should be made prior to sampling.  
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Figure 6.2. Example of an opening stratified based on vegetation characteristics. 


To stratify vegetation prior to assessment, make sure the following parameters are similar: 


1. Species composition – at least the main species making up the plant community in each stratum 
should be the same. 


2. Species abundance – should be broadly similar whether measured as cover or density. 
3. Species distribution – spatial distribution of key species should be similar whether assessed as 


percent distribution or broadly described as uniform, clumped, voids, etc. 
4. Size of key species – should be similar within a stratum (for example height of deciduous or tall 


shrub species). 


Each stratum identified should be sampled as an individual unit, following the same rules for numbers of 
plots and location of plots as if it were a separate assessment unit. Stratification should be confirmed 
once results of sampling have been assembled. 


It may not be possible to stratify if extremely mixed vegetation is encountered (Figure 6.3). In cases like 
this it is best to increase sample size when using plots. If assessing and prescribing without using plots, 
another approach to addressing this sort of complexity is to describe the vegetation compositions and 
structures present, and then assess the extent (proportion) of the opening covered by each.   
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6.2.3 REDUCING ERROR ASSOCIATED WITH QUALITATIVE ASSESSMENTS 


Error associated with qualitative assessments can best be reduced by making the assessment 
quantitative. For example, instead of using a cover based assessment of competition when aspen 
heights exceed two to three meters, one could use the light threshold tool to assess aspen impact on 
light based on two quantitative parameters, density and quadratic mean diameter (see Section 5). 


Another approach is to use carefully calibrated assessments to set treatment thresholds, then 
retrospectively quantify key variables and use them as surrogate thresholds. For example, use the 
Comeau Herbaceous Competition Index first to determine where vegetation management thresholds 
occur for specific compositional objectives and then count aspen density and assess reedgrass cover to 
set density and cover based thresholds. These new density and cover thresholds could replace the 
competition index, which requires assessment of aspen cover. 


Another approach to managing error arising from qualitative assessments is to carefully calibrate the 
assessor. If making ocular estimates of density, the assessor can simply verify calls by stopping and 
counting density in the area assessed. If making cover calls, the assessor can look at a small area (less 
than 1 m on a side) and carefully validate the cover call by breaking the small area into smaller patches 
and adding up the cover. 


 


Figure 6.3. Example of two intermingled strata. 
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Calibration of assessors is most important when multiple assessors are making qualitative assessments. 
In this case, the team making assessments should calibrate as a group on a single site prior to making 
any assessments. It is also valuable to have a “keeper of the method”, a well calibrated individual who 
makes spot checks on qualitative calls and adjusts assessor calibration as needed. 


6.2.4 REDUCING BIAS INDUCED ERROR 


Bias is best reduced by using randomization and sample placement control. Randomization ensures the 
assessor will not skew the starting point of the assessment. This often occurs unintentionally as the 
assessor chooses a starting or assessment point based on a factor that makes assessment simpler or 
faster without regard for the impact that selection has on assessment outcome. Similarly, using a pre-
defined grid or sequential sampling regime prevents the assessor from introducing bias. 


6.2.5 AN EXAMPLE OF REDUCING ERROR 


As an example, consider the need to assess approximately 3000 ha for possible vegetation management 
at the Establishment Phase (T6). The following steps describe how a process might be developed to do 
this efficiently and with minimal error: 


1. Define a specific time for assessment: years after harvest and season of assessment. 
2. Set treatment threshold values for the herbaceous competition index based on desired long- 


term compositions.  
3. Develop a treatment flowchart based on thresholds and treatments appropriate to the 


composition objectives pursued. 
4. Survey several openings in each compositional class using the Comeau Herbaceous Competition 


Index; use high sample intensity and well calibrated assessors. 
5. Link Herbaceous Competition Index outcomes to reedgrass cover values and or deciduous 


density. 
6. Translate the thresholds in the prescription flowchart to cover and density values. 
7. Conduct future assessments by air: 


1. Stratify openings into like units. If stratification is difficult, note if the assessed 
community is highly complex, and use extent of plant life forms to describe the 
complexity. 


2. Assess reedgrass cover and extent in each unit. 
3. Assess deciduous density and extent in each unit. 
4. Make prescriptions based on the flowcharts. 
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7 SITE ADJUSTMENT TREATMENTS  


Site adjustment treatments – commonly referred to as site preparation – are generally used to 
ameliorate site conditions that limit conifer seedling establishment. Treatments accomplish this through 
changing or ameliorating soil and/or site conditions (van der Gonna 1989). 


Örlander et al. (1990) describe site preparation as being carried out to create a favorable environment 
for establishment and growth of seeds or seedlings, or to facilitate silvicultural activity. Boateng et 
al.(2006) identify common limitations to coniferous establishment – driven by young soils and harsh 
climatic conditions – as low soil and air temperatures, excess soil moisture, poor soil aeration, reduced 
light availability and (or) mechanical damage by surrounding vegetation. 


Site adjustment treatments are most likely to succeed when both the direct limitation(s) to seedling 
growth and underlying causal factors are addressed. Limitations to establishment and growth are more 
fully discussed in Sections 4 and 10; the following synopsis is a preamble to discussing site adjustment 
treatments: 


• Soil temperature too cold or staying cold in spring; 
o The optimal soil temperature range for white spruce root growth is 15 to 25°C 


(Landhäusser et al 2001). 
o Minimal white spruce root growth occurs at 5°C (Landhäusser ibid, Örlander ibid). 
o No aspen root growth occurs at 5°C, while large amounts of aspen root growth occur at 


25°C (Landhäusser ibid). 
• Soil moisture too high – either periodically (flooding) or continuously; 


o Lees (1963) inferred that white spruce seedlings could survive approximately 10 days of 
root inundation before they would drown. 


o Soils continuously at or near field capacity impair white spruce seedling growth and 
survival through reduced uptake of nutrients due to lack of oxygenation (Kraskowski and 
Elder 2000). 


• Soil moisture too low – either periodically (drought) or continuously; 
o White spruce is able to avoid drought by ceasing to transpire (i.e. closing its stomata), 


but it does so at the cost of foregone growth opportunity (Örlander ibid). 
o Anecdotal (Formaniuk pers comm) observation suggests that deciduous seedlings (1 


year old) can tolerate a severe periodic drought better than conifer seedlings (1year old) 
as they simply shed their leaves to minimize transpiration moisture losses and then re-
flush the following year, whereas conifer seedlings will lose moisture through the needle 
cuticle even if stomata are closed. 


o Sites with continuously low soil moisture seldom grow white spruce or aspen due to 
recurring drought reducing the long-term viability of these species (see Appendix 2 for 
Edatopes). 
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• Soil nutrients too low; 
o Low soil nutrients result in trees having insufficient phosphorus and nitrogen to provide 


energy as well as insufficient branched chain amino acid synthesis for growth (see 
Appendix 2 for Edatopes). Note that nitrogen mineralization and therefore its 
availability for tree growth is inhibited by dry conditions (Evans et al. 1998). 


• Soil nutrients high resulting in high levels of vegetative competition; 
o High nutrient levels may permit fast growing species to effectively overwhelm the site 


prior to white spruce (and in some cases aspen) being able to establish. 
• Low lying areas where late spring/early summer frosts accumulate and damage succulent 


juvenile tissue. 
o White spruce is particularly susceptible to spring frost damage. This form of injury may 


be hard to detect but it can pose substantial challenge to white spruce growth. (Lieffers, 
pers comm) 


Stathers (1989) describes two causes of spring frost. Radiation frost occurs on calm, 
clear nights when the ground surface cools through radiation of the heat toward the 
atmosphere. Advection frost occurs when air cooled elsewhere moves onto the site. In 
the case of advection, the root cause of frost is likely radiative cooling elsewhere. While 
most site factors contributing to increased spring frost injury risk are of a scale too large 
to be affected by site adjustment treatments, the risk of stagnant air is not. Advective 
frost conditions can be exacerbated by cold air being trapped by breaks in airflow. Such 
breaks may be caused by vegetation or by topography or other physical barriers. Site 
adjustment treatments that enhance airflow by breaking up impediments may reduce 
risk of advective frost accumulation. Conversely, site adjustment using linear treatments 
that block airflow near the base of slopes may contribute to increased risk of spring 
frost.  


Particular attention should be given to late spring frost when in a high risk area. High 
risk areas, at a meso-scale, include: the base of steep north facing slopes, slope bases 
ending against tall, dense forest (which will stop air flow), and bowl-shaped topographic 
features. High risk areas at a macro-scale can be found on the Environment Canada Risk 
of Late Spring Frost Map – found at: http://www.nrcan.gc.ca/earth-
sciences/geography/atlas-canada  


• Exposed areas where seedlings are exposed to the risk of winter injury (see Section 9); 
o Winter desiccation is caused by seedling tops initiating transpiration due to high air 


temperatures whilst roots are still frozen due to low soil temperatures. Potential for 
winter desiccation is both site and region based. That is, sites with high wind exposure 
and southerly or westerly aspects are more prone to desiccation if they occur in a region 
where sustained above-freezing winter temperatures may occur. 


o Dry winter air, particularly under windy conditions, can induce desiccation due to a high 
moisture gradient across the cutin on seedling needles. The interior of the seedling is 



http://www.nrcan.gc.ca/earth-sciences/geography/atlas-canada

http://www.nrcan.gc.ca/earth-sciences/geography/atlas-canada
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substantially more humid than the outside and cutin on the needles of young seedlings 
may not be sufficiently robust to prevent moisture moving across the gradient toward 
the drier outside air. 


• Site adjustments to enhance aspen regeneration. There is an emerging interest in using site 
preparation to enhance deciduous (particularly aspen) regeneration (Landhäusser et al 2006, 
Fraser et al 2003, Sheppard 2001). Evidence to date suggests variability in response to treatment 
with some types of mechanical site preparation increasing number of aspen suckers, others 
having relatively little effect on aspen density, and others reducing the number of suckers. 
Mechanical site preparation can also affect aspen health through wounding which creates entry 
ports for pathogens (Pankuch et al. 2003). 


• Compaction or massing of fine textured soils due to harvesting activity during wet, unfrozen 
conditions resulting in reduced aspen suckering.  


• Inadequate aspen suckering due to a combination of lack of thrift in the parent stand (see 
Section 4) and low soil temperatures due to slash or organic cover insulating aspen roots in the 
upper mineral soil horizon. 


• Competing vegetation may limit tree establishment and growth (Sutton 1993, Navratil 1996). 
Vegetative competition is discussed at more length in Section 4, however, site adjustment 
treatments may exert some control on competing vegetation or they may aggravate 
competition by stimulating emergence of competition. 


If none of the foregoing impediments are encountered, or if one or two are encountered at low severity, 
planting without site adjustment may be considered. Planting without site adjustment can substantially 
reduce silvicultural costs. Not employing site adjustment may also reduce emergence of seedbanking 
competitive species, such as raspberry and beaked hazel. While planting without site adjustment will not 
reduce reedgrass populations, it may result in less reedgrass density than some forms of site adjustment 
treatment which stimulate reedgrass rhizomes to emerge. 


Planting without site preparation requires more attention to propagule selection as depth of forest floor 
/ duff becomes a primary factor in selecting root plug characteristics (see Section 8 - Propagule 
Deployment). Similarly, without site adjustment treatment to reduce initial competition burden, 
monitoring of competition and early deployment of vegetation management treatments may be 
necessary (see Sections 5.9 and 5.10). On mesic sites with fine textured soils (sandy clay loam or finer) 
planting without site adjustment may result in micro-topographic flooding, particularly at spring thaw. 
Small scale bowl or “pot and kettle” topography is particularly susceptible to this phenomenon. If such 
topography is identified, microsite selection criteria should include planters identifying areas of high 
flooding risk and avoiding them, either by planting on a raised microsite within the high-risk area or by 
not planting in such areas. 


While there is a wealth of literature on outcomes of replicated research trials on success of site 
adjustment treatments, the literature often does not describe the limitations to growth or the site 
factors adjusted thereby limiting the resolution with which inferences can be drawn and the 
practitioner’s ability to prescribe site adjustment treatments. The following text offers guidance in 
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identifying limitations to growth based on site factors, and then in selecting site adjustment treatments 
to overcome the limitations identified. 


Frequently, site preparation treatments used to ameliorate a single limiting factor exacerbate another 
limiting factor. This is attributable to the potentially dramatic impact of site adjustment factors on soil. 
For example, mixing treatments designed to provide a seedbed and nutrient enhancement may 
stimulate seedbanking species (like raspberry), causing increased competition. 


In addition, in mixedwood silviculture, site adjustment treatments must be considered in light of 
unintended consequences to coniferous and deciduous crops. Conifer-focused silvicultural practices 
often reduce or jeopardize deciduous crop establishment. This is particularly important given the Leave 
For Natural (LFN) propagule model presently used for most deciduous crop establishment: that is, 
silvicultural treatments can subtract from deciduous crop success more readily than they can 
contribute to it. 


Site adjustment treatments can reduce deciduous crop (particularly aspen) success by a number of 
means: 


• The desired outcome of the site adjustment treatment renders the site less suitable to aspen. 
• The treatment directly impacts aspen reproductive potential by destroying root mass with an 


attendant reduction in suckering potential. 
• The treatment results in the site becoming more favorable to a species that competes strongly 


with aspen, for example reedgrass. 
• Contact between the site preparation equipment and aspen roots results in breakage and 


wounding creating entry ports for root diseases that compromise aspen viability. 


To complicate matters further, interactions between site adjustment treatments are frequently 
equivocal as treatments may adversely affect the distribution or vigor of aspen reproduction while 
stimulating suckering and thereby increasing aspen density. 


Site adjustment treatments are described without relation to conifer propagule type and size; however, 
these components of conifer regeneration planning are closely linked. Silviculturists frequently use 
larger stock sizes or season of planting to reduce site adjustment intensity (Section 8). 


Site adjustment treatments may also limit the ability to create an intimate mixedwood structure. For 
example, scalping treatment with a blade, if done deep enough to disturb aspen root structure, will 
remove aspen from all treated areas. Conversely, linear mixing treatment (e.g. disk trenching, ripping) 
often stimulates suckering resulting in very uniform aspen emergence across the treated area. 


Figure 7.1 is a dendrogram that links limitations to tree growth to site factors. Site factors are those 
conditions amenable to adjustment by site adjustment treatments. The dendrogram is intended to help 
the practitioner link site adjustment treatments to “basic” causes of limited reforestation success. 
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Site Condition Limiting Factor 


 


Thick organic matt 
Wet soil 


 


Dense moss cover 
Dense vascular vegetative cover 
Heavy slash and debris layer 
North aspect/Steep slope 
 COLD SOIL 


 
Fine soil texture 
Wet soil 


 
Dense root matt 
Compacted soil 
 POOR SOIL AERATION 


 
Fine soil texture 
Compacted soil 


 
Impeding layers in soil profile 
Low slope position 
 POOR SOIL DRAINAGE - WET SOIL 


 
Poorly mineralized organics 
Coarse soil texture 


 Soil parent material 
 LOW SOIL NUTRIENTS 


 
Organic matt impedes soil infiltration 
Vegetation prevents soil infiltration 


 


Compacted soil 
Steep slope position 
Coarse soil texture 
 DRY SOIL 


 
Legend: 


 
Indicates Soil Factor is amenable to treatment via site adjustment 
Indicates Soil Factor is somewhat amenable to treatment via site adjustment 


       Indicates Soil Factor is not amenable to treatment via site adjustment 


Figure 7. 1. Dendrogram relating site factors to limitations to growth. 
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7.1 SITE ADJUSTMENT EFFECTS 


This section will classify site adjustment treatments into categories by their effect. Seven treatment categories are 
used. Methods and equipment not included in this guide could be deployed to achieve similar adjustment effects. 
Specific guidance on use of equipment is beyond the scope of this guide. 


Debris management: a treatment to remove, re-align or consolidate logging debris (slash). Debris management 
treatments do not focus on soil effects, their purpose is to remove or re-align slash to provide planting access for 
coniferous tree planting and/or to remove soil surface insulation to improve the amount and uniformity of aspen 
sucker emergence. 


Scalping; removal of duff, forest floor and possibly some mineral soil without mixing. Depth of treatment is critical; 
a “true” scalp will only remove the forest floor and possibly humic organic material from the mineral soil. Care 
should be taken when using scalping treatments to avoid treating too deep; scalping, particularly with a blade, is 
capable of removing the humic organic layer or the “A” soil horizon reducing soil nutrient levels and removing aspen 
roots. Scalping can glaze fine textured (silty clay loam or finer) soils, especially if they are wet at time of treatment, 
resulting in loss of soil structure. 


Scalp-mix: removal of duff with some mixing of duff and mineral horizon below. Similar care to that taken with 
scalping should be used with this treatment. Scalp-mix treatments (heavy drags) are commonly used to re-align 
slash, create a mixed mineral–organic seedbed (on thin soils), and locate pine cones near the soil surface to 
stimulate opening. Scalp-mix treatments have also been tried for debris management in areas where in-block 
chipping has occurred. 


Mix-passive: mixing of organic (duff) and mineral soil accomplished by forward motion of the implement. Mixing 
treatments are used to blend organic and mineral soil components to enhance nutrient mineralization (and thus 
availability to crop trees) and to increase soil permeability to rainfall. Note that mixing treatments are likely to 
stimulate increases in the population of root reproducing species. 


Mix-active: mixing of organic and mineral soil accomplished by powered movement of the implement. Active 
mixing provides the benefits of passive mixing with some vegetation control. With sufficient speed and intensity 
(depth/frequency of cutting implements) active mixing can effectively macerate the roots of woody sprouting 
and/or suckering species (like aspen) thereby reducing their propagule potential. Active mixing does not effectively 
control herbaceous species that reproduce from root structures (like reedgrass). Differences in response of root 
reproducing species to active mixing is primarily a function of the ability of active mixing equipment to macerate 
roots into sufficiently fine pieces to eliminate connections between reproductive structures and carbohydrate 
reserves necessary for initial growth. 


Mix-raised: mixing of organic and mineral soil accompanied by raising mineral soil and mixed material into a berm 
or spoil-bank from the furrow created by the implement. Mix-raised treatments are a compromise between 
operability, site coverage and effectiveness. They do not provide the level of competition control provided by raised 
and inverted treatments but do provide some measure of competition control while providing excellent coverage of 
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the site and offering an array of planting microsites. Any control of reedgrass mix-raised treatments provide for a 
few months after treatment is likely offset by stimulation of reedgrass vegetative reproduction. 


Raised and inverted: a raised microsite created by exposing mineral soil through inverting upper soil horizons – 
resulting in a sandwich of two thicknesses of organic profile material between two layers of upper soil profile 
mineral layers. Raised and inverted site preparation ranges from fairly small microsites created with linear 
“mounders” through thick mineral “caps” on large mounds made with specialized excavators. 


Table 7.1 associates the microsite effects with specific site preparation implements. Table 7.3 indicates the 
relationships between generic site adjustment effects and amelioration of limiting factors. Table 7.4 shows effects 
on seed-banking and root reproducing competitive species. 


Table 7.1. Relationship of site preparation implements to site adjustment effects. 


Site Adjustment 
Implements 


Treatment Effects 


Debris 
management Scalp Scalp - Mix Mix- 


passive Mix - active Mixed - 
raised 


Raised & 
inverted 


Chemical 
site 


preparation 


Drag X X       
Heavy Drag X X X      
Blade X X       
Toothed Blade X X X      
Shear Blade X X       
Brush Rake X X X      
Excavator Pile X        
Excavator Screef  X X      
Disk Trencher X  X X  X   
Power Disk Trencher X  X X X X   
Bedding Plow       X  
Meri Crusher     X    
Ripper Plough X   X  X   
Bracke       X  
Donaren       X  
Terra Mounder       X  
Excavator Mound       X  
VH Mulcher     X    
Glyphosate        X 
Imazapyr        X 
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Table 7.2. Applicability of treatment effects in managing limiting factors. 


Site Conditions 


Treatment Effects 


Debris 
management Scalp Scalp - Mix Mix-


passive   Mix-active Mixed - 
raised 


Raised & 
inverted 


Chemical 
site 


preparation 


Coarse soil   X X XX X   
Competition       X X


X Dense roots  X X X XX X X  
Fine soil texture      X XX  
Heavy slash XX X X X     
Impeding layers      X X  
Moss cover X XX X      
Poor mineralization    X XX X X  
Rapid drainage  X       
Soil compaction      X X  
Thick organic matt  XX X   X X  
Wet soil      X XX  


 


Table 7.3. Impact of site adjustment treatment effects on competing vegetation.. 


Competing Species 


Treatment Effects 


Debris 
management Scalp Scalp - Mix Mix - passive Mix - active Mixed - raised Raised & 


inverted 
Chemical site 


preparation 


Alder 0 + + + + - - - 
Aspen - suckers + - + ++ - + - - - 
Aspen - seed 0 + + + + 0 0 0 
Beaked hazel + + + + + - - 0 
Fireweed + + + + - - - 0 
Raspberry + + + + + 0 - 0 
Reedgrass 0 ++ ++ ++ + - - - - - 


Legend:  - means the treatment effect reduces density and/or growth of the plant species. 
0 means the treatment effect has minimal impact on density and/or growth of the plant species. 
+ means the treatment effect increase density and/or growth of the plant species. 
 


7.2 DEBRIS MANAGEMENT AND SCALPING TREATMENTS 


Debris management treatments do not impact soil – they focus entirely on relocation and management of 
logging slash and other debris. Scalping removes live vegetation and the organic matt to the mineral soil 
surface with minimal disruption of the mineral soil profile. Scalping treatments are used to make planting 
opportunities more uniform, to remove impediments to planting, or to assist in pine establishment by 
dispersing cones and aid cone opening. In some cases, scalping can be used prior to artificial seeding, or in 
anticipation of natural ingress, to improve germination by exposing mineral soil and/or humus. However, 
scalping has little effect on other factors that constrain conifer establishment or growth. Conversely, 
scalping can significantly impact deciduous regeneration potential – either by stimulating sucker emergence 







Silviculture Guide: Section 7   9 | P a g e  
 


if treatment is shallow, or removing sucker buds with the aspen root if deep, thereby preventing aspen 
emergence in the treated area. 


Generally, implements that shear vegetation or soil surface material are used for scalping (Figures 7.2, 7.3, 
and 7.4). The simplest form of scalping is boot screefing where the planter kicks away vegetation and 
organic debris to create a more uniform planting spot. From screefing, scalping treatments progress 
upwards in intensity, from hand-scalping with shovels through the use of blades, rakes and shallow ploughs 
on heavy equipment. 


Scalping may control competitive species originating from a seedbank by relocating the seedbank away 
from the intended planting site. However, scalping may be used prior to implementing a mounding 
treatment. In this context, scalping is used to clear the reforestation area of logging slash and other debris 
that would interfere with effective site adjustment. 


 
Figure 7.2. Dozer with a straight blade scalping. 
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Figure 7.3. Area "scalped" using a dozer with a straight blade. 


 


 


7.3 SCAP-MIX AND MIXING TREATMENTS  


Mixing treatments use mechanical action to blend organic material and mineral soil. The mechanical action 
used for mixing may result from the shape of the implement (e.g. drag teeth, shark-fin barrels, or ripper 
plough) or from power assist (e.g. power-disk trencher, A2 Forester™, or Meri-crusher™). Mixing may be 
done on a small scale with hand tools or small power assist implements but is best accomplished with larger 
implements using a crawler tractor or large skidder/forwarder as a prime mover. 


  


Figure 7.4. Results of a shear blade treatment made to remove debris. 
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Mixing depends on two factors: 


1. A means of lifting and stirring soil material 
2. Operation of the implement at the mineral soil–organic material interface. 


These factors mean mixing requires an implement of sufficient size to reach the mineral soil surface with 
sufficient strength for use in demanding conditions. 


Mixing on sites with thin organic layers is often used to ameliorate lack of nutrients by increasing mineral 
soil–organic material interface thereby increasing mineralization of organic nutrients. Mixing to enhance 
mineralization need not be deep; therefore, these treatments are often implemented using drag chains or 
other “light” mixing treatments. Drag chains are heavy chains with large spikes welded to a portion of the 
chain links (Figures 7.5 and 7.6). Mixing effectiveness of drag chains depends on the weight of the chains 
and performance of the prime mover, as operating speed is a factor in drag chain effectiveness. Dragging 
works best at speeds between 3 and 5 kilometers per hour. 


Mixing treatments are sometimes employed to spread and incorporate residues left behind following in-
block chipping for pulp production. 


A variety of microsites for planting can be created with mixing treatments (Figure 7.7). Depending on site 
conditions, planting locations can be selected to maximize the effectiveness of the treatment. 


 


 


 


 


 


 


Rail section used 
to weight drag. 


Figure 7.5. Anchor chain ("light") drag. 
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Figure 7.7. Profile of a "light" mixing treatment showing potential planting locations. 


 


Drag effectiveness can be improved by integrating a second implement to the drag. Ripper drags are the 
most common example of this approach – the ripper is used to scuff up mineral soil and organics that are 
then mixed by the drag chains that follow each ripper. 


Powered rotating site preparation equipment (e.g. power disk trencher, Meri-crusher, VH mulcher (Figures 
7.8-7.10)) is most frequently used to implement mixing site adjustment prescriptions, i.e. active mixing. 
Active mixing equipment is most commonly used in summer and carried on skidders or forwarders, whereas 
mixing treatments made in winter are most commonly applied using ripper ploughs on large crawler 


Use this 
microsite for 
mesic sites. 


Use this microsite for 
drought prone or 
xeric sites. 


Use this microsite for 
imperfectly drained 
sites. 


Figure 7.6. Shark fin barrel ("heavy") drag. 
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tractors. Equipment where the scarifier rotates on a horizontal axis and follows the prime mover is most 
common; these implements exhibit a broad range of treatment intensities as assessed by depth of 
treatment and rapidity of mixing. The Meri-crusher is a small mixer frequently mounted on tracked skid-
steer equipment and used to create planting strips or spots in mature aspen stands as a prelude to 
underplanting (Figure 7.8). The powered disk trencher is the opposite extreme from the Meri-crusher; 
sinking large, angled disks fairly deep into the soil, this equipment can be used to create slightly raised, well-
mixed planting spots that provide enhanced soil nutrient availability with some measure of soil moisture 
management (Figure 7.9). This sort of regime will frequently suffice in mesic to sub-hygric moisture regimes. 


Moderate mixing treatments are often highly effective in stimulating aspen suckering resulting in very 
uniform aspen emergence while reducing white spruce–aspen competition to levels that do not 
compromise spruce survival. Observation of operational linear mixing treatments suggests this form of site 
adjustment (on mesic to sub-hygric, moderate to rich nutrient regime sites) followed by white spruce 
planting is highly successful in a mixedwood establishment regime. 


 


 


Figure 7.8. Meri-crusher mixing sod and mineral soil in "old field" reforestation. 
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7.4 MIXED-RAISED AND RAISE AND INVERTED TREATMENTS  


Rippers (Figure 7.11) can be used as a mixing implement without the addition of drags. Ripper ploughs are 
commonly used to provide mixed-raised microsites in frozen soil, thereby allowing silviculture treatment 
during seasons when sites are accessible. When using implements like rippers which have the potential for 
more intense site disturbance, care should be taken to ensure the implement does not get used so deep as 
to result in lower soil horizons with fewer nutrients being incorporated into the mix. Figures 7.12 and 7.13 
illustrate well-mixed planting sites with optimal blending of mineral and organic materials. 


Elevated microsite site adjustment is a very common site preparation prescription in the Boreal and sub-
Boreal forest. In large part this is due to the ability of elevated microsite treatments to address several 
constraints simultaneously. First of all, elevated microsites are very effective in reducing the risk of flooding 


Figure7. 9. Bräcke powered-disk trencher. 


Figure 7.10. VH mulcher creates individual mixed planting spots. 
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or alleviating generally wet soil. The prevalence of wet sites in the Boreal biome accounts for much of the 
popularity of raised microsite site adjustment treatments. 


 


 


Secondly, a properly formed elevated microsite will relocate organic and most mineralized nutrients in the 
immediate area to favor the planted seedling over competing vegetation and will increase the temperature 
of the site to enhance seedling growth. Mounds are made by dragging a shaped implement into the organic 
mat and downward into mineral soil. Once a depth approximately equal to the height of the desired mound 
is reached, the implement is pulled inward to lift and flip a layer of soil and organics onto the undisturbed 
soil. This results in a profile similar to that shown in Figure 7.14. Seedlings are planted across the profile 
depending on the combination of site conditions being addressed. On dry sites, seedlings should be planted 
below the “hinge” (point 2 in the schematic). On occasionally flooded sites, seedlings should be planted just 
above the hinge (point 3 in the schematic). On very wet or frequently flooded sites, seedlings should be 
planted near the top of the mound (point 4 in the schematic). Note that planting near the top of the mound 
can result in drought stress to seedlings if the site is occasionally dry. Further, seedlings planted near the 
top of the mound are susceptible to temporary nutrient deficiency when the organics forming the core of 
the mound begin to decompose and thereby tie up soil nitrogen (point 5 in the schematic). 


 


Maximum operating depth for mixing treatments 
with a ripper plough. 


Figure 7.11. Ripper plough used to make mixed - raised treatments in winter. 
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Figure 7.12. Well mixed planting sites shortly after treatment. 


 


 


 


 


Figure 7.13.  Raised microsites made with a ripper plough. 
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Elevated microsites can be created using linear implements, in effect creating a continuous raised bed, such 
as bedding ploughs, rippers, and even front mounted ploughs (Figures 7.15 and 7.16). There are several 
linear mounders developed to automate or semi-automate the process of creating raised beds. These range 
from the Bräcke scarifier through the Bräcke-Donaren mounder, the Dual-Path mounder, and the BC 
Ministry of Forests (RivTow) mounder. The Bräcke-Donaren mounder is currently the most popular “line 
mounder” in common use (Figure 7.16). Line mounders can create shallow to medium height mounds. As 
intensity of treatment is increased, number of raised microsites per unit area is decreased as larger raised 
microsites require more area. 


Large, tracked excavators are commonly equipped with specialized buckets designed to create elevated 
microsites (Figures 7.17 and 7.18). While slow and therefore expensive, excavators are the most versatile of 
site adjustment tools because, with a skilled operator, every microsite can be tailored exactly to existing soil 
conditions at the treatment spot. 


The wide range of elevated microsite-producing equipment means this prescription can be optimized for 
operational constraints such as frozen soil, difficult winter access, patchy wetness, and water seeps on 
hillsides that would be susceptible to erosion if treated with linear site preparation equipment. 


 


Mineral soil cap 


  Hinge of 
mound 


 
Organic soil  


Figure 14. Structure of a "mound" showing choices of planting microsites. (after Örlander et al, 1990.) 
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Figure 7.15. Bedding plough making a "continuous mound" or raised bed. 


 


 
Figure 7.16. Bräcke - Donaren line mounder. 
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Figure 7.17. Excavator mounding. 


Figure 7.18. Specialized mounding "bucket" for excavator mounder. 







Silviculture Guide: Section 7   20 | P a g e  
 


7.5  LONGER TERM OUTCOMES OF INTEGRATED SITE ADJUSTMENT AND STAND TENDING 
TREATMENTS  


Boateng et al (2006) reported longer term outcomes of six site adjustment treatments employed alone and 
in concert with “early” chemical release treatments. They evaluated four intensities (thickness of mineral 
cap) of raised inverted treatments compared to patch and blade scarification. Chemical release treatment 
was spot application of glyphosate in a 1-m radius around planted seedlings one year after planting.   
Planting locations were either on the mineral soil cap or the hinge of raised inverted treatment spots or on 
the bare mineral soil generated by blade or patch treatment. While early results suggested there were 
differences in reforestation performance associated with differing mineral cap thicknesses, 20-year post-
treatment results found all raised inverted site adjustment treatments gave similar outcomes which were 
superior in terms of both growth and performance to blade or patch treatments. Larger seedlings were 
planted without site adjustment to assess whether increased stock size could be used to replace site 
adjustment. After 20 years, treatment outcome trended toward one of two outcomes: with the 
combination of raised, inverted site adjustment and early conifer release giving approximately double the 
basal area of either untreated controls or blade scarification. Clearly, in an environment where cold, wet soil 
and reedgrass act together to limit spruce survival and growth silviculture strategies that address all limiting 
factors result in substantial improvements in survival and growth. 


7.6 CHEMICAL (HERBICIDE) SITE PREPARATION  


Herbicide site preparation is a special case of scalping in which chemical herbicide is applied to a cutover 
area prior to initiating conifer regeneration treatments. Like other scalping treatments, herbicide site 
preparation does not influence edaphic limitations to seedling establishment – that is, it does not change 
soil moisture or nutrient regimes. Herbicide treatments, regardless of timing, provide only competition 
control. At present, glyphosate and imazapyr are the only herbicides available for forest management in 
Alberta that are suited to site preparation use. 


Glyphosate controls a wide array of plant species that compete with coniferous crop seedlings, including 
reed grass (Calamagrostis canadensis), raspberry (Rubus ideaus), fireweed (Epilobium angustifolium), alder 
(Alnus spp.), and willow (Salix spp.). It also controls deciduous tree species, thus making routine use of 
glyphosate in mixedwood silviculture challenging. This challenge is exacerbated by the fact that herbicide 
site preparation is most effectively applied as a broadcast treatment; when applied as a spot or small patch 
spray, glyphosate does not give lasting control of bluejoint reedgrass. Glyphosate is most effective in 
controlling reedgrass when broadcast applied at 3.2 kg (ae)/ha with an organosilicate surfactant system. 
Finally, best control of reedgrass is gained when glyphosate is applied late in the growing season. All the 
foregoing factors combine to make glyphosate less than ideal as a mixedwood management tool due to the 
fact that rate and timing will kill deciduous regeneration present at treatment. 
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Conversely, glyphosate treatments applied within two or three years of harvest generally show better post-
treatment recovery of deciduous trees than do openings treated later. Deciduous recovery often occurs in 
the form of balsam poplar, with densities of 1,000 to 2,000 stems/ha (Pitt et al 2004; Greenway 
unpublished). 


Imazapyr, a herbicide widely used for forestry throughout most of the developed world, received 
registration for site preparation on Boreal sites in Canada in January 2007. Unlike glyphosate, imazapyr is 
not approved for broadcast application. However, it provides durable control of reedgrass with spot or 
small patch application. While imazapyr controls deciduous suckers or saplings that have been oversprayed, 
there is no evidence of outward translocation from treated aspen to adjacent untreated aspen in 
approximately 15 research trials conducted across Canada. Imazapyr is registered for ground application 
only with a maximum of ½ (50%) of the opening area being eligible for treatment using spots, patches or 
strips. Imazapyr site preparation may be a means of establishing intimate mixedwood stands on sites with 
bluejoint reedgrass competition. 
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8.0 PROPAGULES  


Mixedwood Silviculture requires practitioners to integrate conifer and deciduous propagule 
deployment. This guide considers white spruce and aspen. White spruce propagule deployment options 
include seeding, planting and retention of advanced growth. At present, regeneration of aspen relies on 
suckering. Treatments that can improve the success of one species may have a negative impact on the 
other. Also, aspen establishment occurs within a short window (1-2 years post harvest) and, at present, 
there are no effective remedial treatments. This section discusses suckering of aspen (Section 8.1) and 
seeding and planting of white spruce (Sections 8.2 and 8.3). 


Section 8.3 on planting of white spruce is drawn directly from Ecophysiology of Northern Spruce Species: 
The Performance of Planted Seedlings (Grossnickle 2000.).  Sections included in the Silviculture Guide 
are only those considered critical by the authors of the Guide.  The authors of the Guide recommend 
that practitioners obtain a copy of this book as it provides a comprehensive overview of the current 
understanding of spruce seedling performance in northern systems; it is obtainable from the NRC 
Research Press at the following link:  http://pubs.nrc-cnrc.gc.ca/eng/books/books/9780660179599.html    


Aspen–white spruce interactions and potential impacts of treatments are discussed in Sections 4, 5, and 
7. 


8.1 ASPEN SUCKERING IN MIXEDWOOD STANDS 


In mixedwood silviculture, understanding the dynamics (and probability) of aspen establishment is 
critical to successful regeneration of mixedwood and deciduous stands – while it plays an equivocal role 
in white spruce regeneration acting as a commensal facilitator and a competitor.  Thus, the probability 
of aspen regeneration potential gathered in the pre-harvest assessment is critical to setting objectives 
and determining establishment silvicultural regimes. 


Aspen reproductive potential is driven by a combination of biotic, site, and abiotic factors.  (The 
Deciduous Propagule Potential tool integrates several of these factors.)  Potential for this species as a 
crop or competitive species is directly linked to its reproductive potential. Figure 8.1 offers a conceptual 
approach to identifying the factors that control aspen reproductive potential and the main causal agents 
underlying them. 


The following are some suggested criteria for adequate establishment of aspen as a crop: 


• Minimum stem density for successful polygon level of aspen is not clearly defined.  Greene et al, 
1999 suggest a minimum density of 35 stems per hectare in the unharvested stand. This density 
is based on several papers which found aspen suckering primarily occurred within 10 m of 
parent trees.  Thus a single parent tree is capable of establishing aspen on approximately 300 
m2.  Approximately 35 parent trees are required to reforest a hectare.  Others suggest at least 
50 stems per hectare (see also Peterson and Peterson 1992, 1995, Frey et al. 2003); while 
Kabzems pers Comm. (2007) suggested approximately 80 stems per hectare. 



http://pubs.nrc-cnrc.gc.ca/eng/books/books/9780660179599.html
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• Even distribution of the stems across the proposed cutblock. 
• Trees should be thrifty. If using the aspen thrift tool (incorporated into Deciduous Propagule 


Potential Tool), a minimum thrift rating of “Moderate”. 
• If using the Deciduous Propagule Potential Tool, a minimum rating of “Likely”. 


If an aspen stand (or the aspen component of a mixedwood stand) meets the preceding criteria, aspen 
regeneration potential is sufficient to meet mixedwood and possibly pure deciduous composition 
objectives via a leave-for-natural reforestation strategy. Note that site adjustment treatments may help 
overcome some of the reductions in aspen sucker potential associated with older stands (Fraser et al. 
2003).   


If a pure deciduous stand is desired after harvest, the silviculturist must pay particular attention to 
aspen vigor and distribution, as root suckers are the only reliable aspen propagule at present. Thus 
sufficient propagules, with abundant suckering potential, are critical to successful establishment of 
deciduous stands (Frey et al. 2003, Desrochers and Lieffers 2001).  


If a mixedwood condition is the objective, aspen distribution is less critical than for pure deciduous 
stands, but a clumped distribution of ramets may lead to clumping of clones after harvest.  For 
mixedwood objectives the vigor conditions outlined above remain critical.  


Frey et al. (2003) provide an excellent review of the many external factors affecting aspen sucker 
regeneration. They summarize the current understanding of how the physiological phenomenon of 
suckering interacts with several environmental and operational factors. Silviculturists are advised to 
read this review as it provides a clear understanding of how operational practices and overall plant 
community status can impact aspen establishment.   


There are several other potential impediments to aspen sucker regeneration. Identification of these 
impediments in the pre-harvest assessment provides the opportunity to prevent some of them, and to 
anticipate the need to address others via site adjustment. These factors include: 


• Slope position and aspect. Mid-slope and southerly aspect are the most favourable; toe of slope 
and northerly aspects are the least favourable.  Frey et al. (2003) suggest this phenomenon may 
be related to temperature regime. 


• Presence of reedgrass competition in the developing stand. Reedgrass competes with aspen on 
several levels: 


o For nutrients. Reedgrass is a highly efficient scavenger for nitrogen (Comeau pers. 
Comm. 2006, Hangs et al. 2003, Landhäusser and Lieffers 1998). 


o Reedgrass thatch cools soil below the range (<12°C) best suited to aspen sucker 
development (Landhäusser and Lieffers 1998). 


o Reedgrass root and rhizome mass may physically impede root development of other 
species (Comeau pers. Comm. 2006). 


• Waterlogging of aspen roots post-harvest can substantially reduce sucker number and vigour.  
At the pre-harvest assessment, potential for both waterlogging and compaction (which 
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exacerbates waterlogging) can be identified. Potential for waterlogging is driven by available 
moisture (sub-hygric or wetter moisture regime) and soil drainage class (impeded drainage is 
often associated with fine textured (clay or clay loam) soils.)   


• Compaction. Traffic on sites when they are wet and the soil is not frozen can result in 
compaction of soil macropores (McNabb et al. 2001), which in turn can cause waterlogging and 
create physical barriers to aspen root penetration. Good management practice can prevent 
waterlogged or compacted soil through adjustment of harvesting practice.   


Silviculturists should be alert for the risk factors identified above and address harvesting activities to 
ensure these risks do not occur, especially if a deciduous or mixedwood objective is desired. 


 


Figure 8.1. Aspen regeneration potential and causal factors (from Frey et al. 2003). 


 


8.2 NATURAL AND ARTIFICIAL SEEDING IN MIXEDWOOD STANDS 


The decision to use natural or artificial seeding to establish the conifer component is complex with many 
variables that must be considered. This guide considers seeding of white spruce.  


8.2.1 SEED SOURCE AND DISPERSAL 


Classified as an avoider species by Rowe (1983), white spruce can also be an invader if seed is available 
soon after disturbance. Niendstaedt and Zasada (1990) classify white spruce as mid-tolerant suggesting 
it has sufficient autecological plasticity to occupy both pioneer and mid-successional seral niches. This 
plasticity suggests white spruce may establish soon after disturbance or, depending on competition and 
seedbed conditions, linger under a rapidly establishing tree canopy (typically aspen or balsam poplar). 
White spruce seedlings established in the understory may persist until afforded an opportunity to enter 
the canopy as the pioneer deciduous tree canopy breaks up (Dix and Swan 1971, Lieffers et al. 1996, 
Green et al. 1999). 







Alberta Silviculture Guide: Section 8                  4 | P a g e  


White spruce is a masting species and produces good seed crops at intervals of up to 15 years (Viereck 
and Schandelmeir 1980). Typically seed matures and falls in one year (Viereck and Schandelmeir 1980). 
However, seeds can remain viable for two years in cones and for one growing season once shed 
(Nienstaedt and Zasada 1990). Effective seed dispersal is about two tree heights (Viereck and 
Schandelmeir 1980) and is greater in the downwind direction (Stewart et al. 1998). Dispersal of 250-m 
or more is possible (depending on wind conditions); however, the bulk of seed falls within 20-m of 
parent trees.  Although, the majority of white spruce seed production occurs in mast years there are 
years where light or local seed crops are produced resulting in ongoing white spruce reproduction 
(Nienstaedt and Zasada ibid.)  


8.2.2 SEEDBED 


Though able to germinate on forest litter (Ahlgren and Ahlgren 1981), recruitment of white spruce relies 
on the presence of suitable microsites (Place 1955, Simard et al. 1998, Prevost and Pothier 2003, Wang 
and Kemball 2005, Peters et al. 2004). In general, seedbed conditions decline with time since 
disturbance as duff depth, competition, and smothering by broadleaf litter increase (Korolef 1954, 
Greene et al. 1999, Simard et al. 2003). When conditions are open (i.e. after logging or fire) white spruce 
germination and short term survival can be improved by shading from deciduous species as they act to 
ameliorate moisture stress (Prevost and Pothier 2003, Wang and Kemball 2005). The benefits from 
shading are seen in the first few months following germination while the seedling develops roots 
through the duff into underlying mineral soil. Reaching mineral soil is critical to survival as mineral soil 
provides a more stable moisture supply than duff, thus reducing mortality due to heat and moisture 
stress (Rowe 1955, Waldron 1966). Simard et al. (2003) reported that, as a percentage of viable seeds 
sown, one year survival of artificially seeded white spruce under mature aspen and Thuja occidentalis 
(eastern white cedar) was approximately 3.9% on mineral soil, 4% on buried logs (level with the forest 
floor), 7.7% on unburied logs, and 1.5% on undisturbed forest floor litter. Similarly, measured two years 
after artificial seeding under a mature aspen canopy Wang and Kemball (2005) found white spruce 
recruitment to be 5.6%, 2.6%, 0.3% of viable seeds sown on exposed mineral soil, rotten logs, and 
undisturbed forest floor, respectively. It should be noted that despite higher germination and/or short 
term survival on decayed wood (i.e., rotten logs), seedlings are often visibly stressed (typically appearing 
chlorotic) and suffer from poor growth and survival.  


8.2.3 GERMINATION, MORTALITY, AND SEED PREDATION. 


Optimum moisture and temperature conditions for white spruce germination and establishment occur 
in the spring. Therefore, artificial seeding carried out in the spring before the dryer conditions of mid to 
late summer, increases the potential for seedling mortality. However, depending on leaf litter depth, 
seeding too early in the spring may result in seeds becoming suspended on compacted forest floor litter. 
If adequate heat and moisture is present the suspended seeds will germinate but soon die from 
desiccation. In a seven-year seeding trial of white spruce seeded annually under regenerating aspen 
(Kemball, Wang, and Westwood; Black River Fire project unpublished data) it was observed that 
desiccation, primarily due to failure of roots to establish contact with mineral soil or humus, followed by 
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smothering from broadleaf litter, were the primary causes of early (i.e., first year) mortality. Seeding in 
the fall just prior to leaf drop, so that seeds can better contact suitable seedbed and take advantage of 
moist early spring conditions, is another option, particularly where litter accumulation will be modest 
(i.e., first few years post disturbance). Thin litter may improve success while thick litter is known to be 
detrimental (Waldron 1966, Koroleff 1954). 


Seed predation can also be an important factor (Radvanyi 1970, Simard et al. 2003, Peters et al. 2004) to 
consider. Seed predator abundance (particularly small mammals) can vary significantly from year to year 
(see Peters et al. 2004, Moss and Boutin 2001). If using seed trees under a LFN seeding strategy both 
pre-dispersal cone predation (typically red squirrels, Peters et al. 2003) and post-dispersal predation 
(primarily mice and voles, Peters et al. 2004) must be considered. Unfortunately little quantitative 
information is available on seed predation for white spruce. In a recent study Peters et al. (2004) found a 
30%–90% reduction in recruitment on unprotected plots vs. predator excluded plots. 


8.2.4 SETTING REALISTIC GOALS 


White spruce seeding, artificial or natural carries with it a much higher risk of failure than alternative 
regeneration tactics. The small size and delicate nature of recently germinated seedlings makes them 
highly susceptible to mortality from factors that have little or no impact on planted stock, e.g., moisture, 
seed predation, herbivory, smothering. However, trees established from seed are less susceptible to 
winter desiccation and frost heaving than planted trees, thus seeding may be a viable option if other 
conditions are favourable.  


If artificial seeding is to be employed, distribution and density will be uncertain as germination and 
establishment of spruce depends on: 


1. presence of suitable seedbed microsites,  
2. moisture amount and duration,  
3. predation,  
4. smothering by broadleaf litter.  


Distribution and density are even more uncertain if LFN is employed. Under a LFN seeding strategy the 
mast behaviour of white spruce must also be considered. In particular, Nienstaedt and Zasada make 
clear that a good mast year will inevitably be followed by a poor mast year. Preparing the seedbed by 
exposing mineral soil is the only sure way to improve success as other factors are largely stochastic and 
not amenable to amelioration. Furthermore, seedbed quality will erode substantially if there is a lag of 
more than a year or two between site preparation and occurrence of a mast year. 


The use of artificial seeding may also be impacted by the availability and cost of seed. The practitioner 
should be aware of the seed zones, “ecological and genetic units which are intended to define areas of 
locally adapted tree populations” (Alberta Forest Genetic Resources Council), and regulations restricting 
movement of seed between zones.  
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Summary of requirements for successful white spruce establishment from seed: 


• Adequate seed source 
• Suitable seedbed microsites for germination and establishment 
• Low competition 


Summary of management considerations: 


• High risk of failure 
• Distribution and density will not be uniform (fill plant and or thinning may be required)  
• Likely to require assertive control of competition 
• Cost and availability of seed may be prohibitive 
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8.3 PLANTING SPRUCE IN NORTHERN FORESTS 


This entire section of the Silviculture Guide is drawn directly from Ecophysiology of Northern Spruce 
Species: The Performance of Planted Seedlings (Grossnickle 2000) Please note that section and figure 
references in this section refer to numbers in the original book. 


This section examines the influence of silvicultural practices on the physiological response and 
morphological development of spruce seedlings during the latter stages of development in the 
nursery and through early performance on reforestation sites. The forest regeneration process is 
complex because successful regeneration requires combining an understanding of physiological 
performance and morphological development characteristics of spruce species with proper 
silvicultural practices (Fig. 5). Ultimately, seedling performance on a reforestation site depends on 
the inherent growth potential of the seedling and the degree to which field site environmental 
conditions limit or enhance this potential.  


Nursery cultural and preplanting silvicultural practices have a strong influence on spruce 
seedling performance immediately after planting. The effects of these practices on seedling 
performance need to be understood to make sound forest regeneration decisions (Fig. 5). Implicit 
within this preplanting program is the recognition of the inherent species characteristics when 
making the selection of the genetic seed source used for seedling production. Proper seed source 
selection ensures that seedlings are ecophysiologically suited to field site environmental conditions 
throughout the entire forest rotation (Section 4). Stock quality programs are an effective way of 
describing the performance potential of seedlings produced from various nursery cultural practices 
and determining the effects of preplanting silvicultural practices. The discussion starts at the point 
when final nursery cultural practices are applied to spruce seedlings and thus their implications on 
seedling field performance. Container-grown spruce seedlings are discussed in subsections on 
nursery culture effects, stock quality assessment, and stock type development in relation to 
seedling performance potential. Throughout the remainder of the discussion, information on both 
container-grown and bare-root spruce seedlings are utilized to examine the effects of preplanting 
and field site silvicultural practices. The discussion then continues through a logical sequence of 
operational events by examining storage and handling practices.  


The reforestation site is a unique ecosystem, as a forested stand subjected to a disturbance 
such as harvesting alters the basic structure and function. The altered stand structure influences 
many processes of the future ecosystem and the microsite environment in which seedlings are to 
be planted (Section 1). This discussion examines the dynamics of the forest regeneration process 
within both clearcutting and partial forest canopy retention silvicultural systems. The intent is to try 
and define factors that can enhance as well as limit the development of spruce seedlings on 
reforestation sites. 
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Inherent Species Characteristics  


 


 


Fig. 5. A depiction of the forest regeneration process for spruce seedlings in response to site characteristics 
and silvicultural practices. 


Newly planted spruce seedlings undergo a series of developmental phases (planting stress, 
establishment, and transition) on reforestation sites. The length of each phase is dependent upon 
the response of seedlings to site environmental conditions (Fig. 5). These phases may overlap, 
depending upon the development of seedlings and competing vegetation. These developmental 
phases are used to identify and examine each of the processes that can occur after spruce seedlings 
are planted on a reforestation site. Within each of these plantation development phases, spruce 
seedling performance is examined in relation to possible site limiting environmental conditions and 
silvicultural practices (e.g., site preparation, fertilization, and vegetation management) that can 
possibly mitigate these environmental constraints and improve seedling performance.  


Spruce seedling physiological response during these plantation developmental phases 
determines survival and subsequent growth on reforestation sites. In addition, successful seedling 
development is affected by not only the past and future silvicultural practices, but also by current 
and future site environmental conditions (Fig. 5). These conditions continually change due to the 
development of competing vegetation. Further, vegetation management practices also contribute 
to plantation development in relation to competition from early successional species. Field 
performance of spruce seedlings is discussed in context with the interaction between competing 
vegetation and spruce seedlings during stand development on reforestation sites. 
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STOCK QUALITY ASSESSMENT 


GENERAL CONCEPT  


The study of stock quality assessment has evolved over the past 50 years. It is based on the 
need for a better understanding of performance capabilities for seedlings that are nursery-grown 
and out-planted on reforestation sites. Wakeley (1954) is usually recognized as the first person to 
identify the importance of morphological and physiological grading of seedlings prior to planting 
onto reforestation sites. Stock quality is now defined as the seedling’s “fitness for purpose” 
(Lavender et al. 1980), as it relates to achieving specific silvicultural objectives. Clear and 
comprehensive stock quality information is necessary to make effective stock selection and field 
planting choices. In both North America and Europe, stock quality assessment programs are 
currently used by foresters to ensure quality control, enhance consumer confidence, avoid planting 
damaged stock, and improve nursery cultural practices (Dunsworth 1997). The following discussion 
examines both conceptual approaches and testing methods that can be used in conducting a stock 
quality assessment program.  


Stock quality assessment has evolved to include both morphological and physiological tests 
(see reviews by Sutton 1979; Chavasse 1980; Jaramillo 1980; Schmidt-Vogt 1981; Ritchie 1984; 
Duryea 1985a; Glerum 1988; Lavender 1988; Puttonen 1989a; Hawkins and Binder 1990; Johnson 
and Cline 1991; Omi 1991; Mattsson 1997; Mohammed 1997; Puttonen 1997). The wide array of 
testing procedures now available has sometimes led to confusion in defining the specific purpose of 
stock quality assessment. Part of this confusion stems from the fact that stock quality assessment 
encompasses both nursery development (nursery growth phase, determination of lifting for 
storage, Section 5.1.3) and testing immediately before planting to determine probable field survival 
and (or) field performance (Duryea 1985b). With a clear definition of purpose for using specific 
testing techniques, nursery personnel and regeneration silviculturists can focus on obtaining 
specific information needed to make effective decisions. The following discussion is centered on 
the importance of assessing quality of planting stock immediately before out-planting to forecast 
field survival (Section 5.1.2.3) or field performance (Section 5.1.2.4). Due to the widespread use of 
root growth capacity as a stock quality procedure in reforestation programs, this testing approach 
is discussed in a separate section (Section 5.1.2.2).  


When foresters consider using a stock quality program to assess their seedlings, a commonly 
expressed concern is how to select tests that are useful for providing information needed to make 
effective stock selection and field planting choices. A conceptual model has been developed to 
provide a means of understanding the importance of various testing procedures within a stock 
quality assessment program (Fig. 5.1.2.1). Determination of stock quality combines measurements 
of seedling properties that have been defined as material and performance attributes (Ritchie 
1984). Material attributes are single-point measures of individual parameters that represent 
specific seedling subsystems (e.g., morphology, osmotic potential, root electrolyte leakage, nutrient 
content, individual gas exchange measurements). In contrast, performance attributes reflect an 
integrated effect of many material attributes, are environmentally sensitive seedling properties, 
and are measured under specific testing conditions (e.g., root growth capacity, freezing tolerance, 
14-day gas exchange integrals). Both attribute types provide information on initial survival potential 
and field performance potential of seedlings. However, there is no guarantee that testing for initial 
survival potential provides information on field performance potential under limiting 
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environmental conditions. Foresters need to define the specific silvicultural objectives they hope to 
achieve with a stock quality assessment program before selection of various testing procedures. 


One testing approach that defines the quality of seedlings just prior to planting would be 
desirable. However, foresters must recognize that no single stock quality test is available for all 
seedling quality issues (Mattsson 1997; Puttonen 1997). Morphological parameters should not be 
used to solely assess stock quality, because seedling morphology does not describe the 
physiological vigor of seedlings (Mexal and Landis 1990). Also, stock quality assessment cannot be 
determined by individual seedling physiological parameters in isolation from other physiological 
attributes and morphological characterization (Lavender 1988). Proper stock quality assessment 
should be done with a combination of morphological and physiological attributes that provide the 
necessary information needed to make sound seedling-related forest regeneration decisions.  


 


 


 


Fig. 5.1.2.1. A conceptual model of the relationship between material attributes, performance attributes, 
initial survival potential, and field performance potential in stock quality assessment (adapted from Folk 
and Grossnickle 1997).  


ROOT GROWTH CAPACITY  


Seedling root growth is the most common measurement tool used in operational programs 
throughout the world to define stock quality (Simpson and Ritchie 1997). This assessment approach 
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is determined through a testing procedure called root growth capacity or root growth potential. 
The importance for a newly planted conifer seedling to grow roots has long been recognized 
(Wakeley 1954; Stone 1955). Numerous reviews have discussed the merits of measuring root 
growth within a stock quality assessment approach for determining seedling performance (e.g., 
Ritchie and Dunlap 1980; Ritchie 1985; Burdett 1987; Ritchie and Tanaka 1990; Sutton 1990).  


Root growth capacity is the ability of seedlings to grow new roots under optimum 
environmental conditions (e.g., 20°C, 18-h photoperiod above a minimum of 25% full sunlight, with 
optimal soil water and fertility) over a prescribed length of time (e.g., from 7 to 14 days). The test is 
a quick visual assessment of seedling performance. The universality of root growth capacity in stock 
quality assessment programs throughout the world indicates the strength of this test to provide 
foresters with information they need to make seedling deployment decisions. The drawback of this 
stock quality assessment approach comes in the interpretation of the findings.  


One misconception in interpreting results of root growth capacity testing is that root growth in 
spruce seedlings is constant over time. As previously discussed, root growth in spruce varies 
throughout the growing season (Fig. 2.6.2.1b). Due to the seasonal periodicity of root growth 
inherent within spruce species, healthy seedlings sometimes do not grow roots even under ideal 
environmental conditions (Section 3.9). Seasonal root growth capacity of interior spruce 
containerized seedlings, for the most part, follow the above-described seasonal pattern (Fig. 
5.1.2.2a). In frozen-stored seedlings, root growth capacity remains high in storage if the seedlings 
are lifted and placed in storage when they have a high root growth capacity (Section 5.1.3). 
Immediately after seedlings are removed from storage, they retain a high root growth capacity 
which declines as seedlings begin shoot growth. The decline in root growth capacity continues 
during bud development and through the fall until dormancy intensity weakens. Thereafter, root 
growth capacity increases and remains high in storage. If seedling quality is based solely on root 
growth capacity, at certain times of the year false assumptions can be made that seedlings are of 
poor quality. It is recommended that a more comprehensive stock quality testing approach be 
considered, which provides not only an assessment of root growth capacity of seedlings but also an 
understanding of seedling stress tolerance and physiological response to potential reforestation 
site environmental conditions (Section 5.1.2.4). In this way, a measure of root growth capacity can 
then be placed in context with the overall quality of the seedlings.  
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Fig. 5.1.2.2a. Seasonal pattern of root growth capacity (i.e., number of new roots) for container-grown 
interior spruce seedlings (N = 24: mean ± SE). Measurements recorded in December through April (i.e., 
outside of dashed lines) were taken on seedlings removed from frozen storage (Grossnickle, unreported 
data).  


Another misconception in interpreting results of root growth capacity is that a single numerical 
scale is applicable for assessing root growth capacity under all operational conditions. Studies have 
found that root growth capacity changes because of the following parameters: species differences, 
genetic variation within a species, seedling size, and nursery cultural practice. For example, 
Engelmann spruce seedlings have lower root growth capacity than lodgepole pine seedlings grown 
under the same nursery cultural conditions (Ritchie et al. 1985). Root growth capacity has also been 
reported to vary between populations of black spruce seedlings raised under the same nursery 
cultural regime (Sutton 1983). This also occurs in interior spruce seedlings growing under the same 
nursery cultural regime and having a similar root system size (Fig. 5.1.2.2b). Root growth capacity of 
seedlings also changes with the size of the root system; greater new root growth occurs with a 
greater original root system size. Studies have shown that greater initial root mass is related to 
greater root growth capacity in pine (Johnsen et al. 1988; Williams et al. 1988) as well as in interior 
spruce (Grossnickle and Major 1994b) seedlings. Root growth capacity of spruce seedlings also 
varies, depending upon whether the stock type was grown and then stored for a spring planting 
program or fresh-lifted for a summer planting program (Fig. 5.1.2.2b). In addition, the root growth 
capacity of spruce seedlings varies, depending upon the cultural practices used by each nursery. 
Foresters must recognize that the capability of a seedling to grow roots can be influenced by many 
varying factors. As a result, it is difficult to standardize root growth capacity measurements taken 
under varying operational conditions.  


            A major problem with the use of root growth capacity for seedling quality assessment is 
the assumption that this test is an adequate approach for the prediction of survival and (or) growth 
of seedlings planted on reforestation sites (reviewed by Simpson and Ritchie 1997). There is a 
variable relationship between root growth capacity and field performance. Whether or not newly 
planted seedlings initially require new root growth for proper field performance is related to the 
planting stress phenomenon (Section 5.3). Briefly, planting stress occurs when a newly planted 
seedling has transpirational demands that exceed the ability of the root system to take up water 
from the soil system. One way planting stress is relieved is when root growth occurs and seedling 
water stress is reduced. Simpson and Ritchie (1997) believe that root growth capacity is strongly 
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related to field performance when stock has an inherently low level of stress resistance and when 
site environmental conditions become more severe. These are conditions that lead to planting 
stress. However, if seedlings are not exposed to planting stress, then initial root growth is not 
essential for proper field performance. Simpson and Ritchie (1997) indicate that root growth 
capacity has no relationship to field performance when seedlings have an inherently high level of 
stress resistance and when site environmental conditions are mild.  


                        


 


Fig. 5.1.2.2b. Relationship between root dry weight and the root growth capacity (determined over 14 
days; N = 15–25: mean ± SE) for 30 clonal populations of container-grown (415-B) interior spruce seedlings. 
Clonal populations of seedlings came from a series of operational regeneration silvicultural practices: (i) 
spring-planted frozen-stored (FS), (ii) fresh-lifted for summer planting and grown at nursery A (SP – Nur A), 
or (iii) fresh-lifted for summer planting and grown at nursery B (SP – Nur B) (Grossnickle, unreported data). 
Minimum or target stock quality assessment (SQA) values are defined in Table 5.1.4.1. 


What then does the measure of spruce root growth capacity provide to foresters as a stock 
quality measurement procedure? First, root growth capacity determines whether seedlings can 
grow roots within a defined time frame of the phenological cycle. Second, root growth capacity 
provides an indirect measure of the overall physiological condition of the seedling. If the seedling 
can grow roots, then all physiological processes that are required for root growth are functional. In 
other words, the testing approach is a measure of the functional integrity of the seedling, and it is a 
useful stock quality test that can determine seedling survival potential (Section 5.1.2.3). For 
example, if information is needed on seedling root growth under various limiting edaphic 
conditions (e.g., low soil temperature or low soil water, Table 5.1.4.1), root growth capacity testing 
procedures can be developed to assess performance in relation to these potential reforestation site 
environmental conditions (Section 5.1.2.4). Root growth capacity testing used in combination with 
an array of other stock quality testing procedures can provide information on the field performance 
potential of seedlings (Sections 5.1.2.4 and 5.1.4). Root growth capacity testing can provide 
foresters with an effective stock quality measurement procedure, but only when it is used with a 
proper understanding of its strengths and weaknesses.  
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SURVIVAL POTENTIAL TESTING  


Initial survival potential is a measure of seedling “functional integrity.” Functional integrity 
indicates whether stock is, or is not, damaged to the point of limiting primary physiological 
processes (Grossnickle and Folk 1993). The intent of these testing procedures are to remove 
seedlings that do not meet certain minimum physiological performance standards (i.e., the “bad 
apple concept”). Seedlings that meet minimum standards probably have a greater capability to 
survive in all but the most severe of field site environmental conditions (Sutton 1988). At present, 
there are a number of testing procedures that provide information on the initial survival potential 
of operationally produced stock. A number of these testing approaches are defined in Table 5.1.2.3. 
These types of tests measure seedling vitality under a specific set of conditions that define a certain 
level of quality when tested (Ritchie and Tanaka 1990; Langerud 1991). These tests have been 
developed for the purpose of batch-culling poorly grown and handled seedlings. They are used to 
categorize large groups of seedlings, all having a similar nursery cultural regime, or all from a similar 
seed source, by measuring a subsample from the entire population. Further specific information on 
each testing procedure can be found in the cited articles.  


Measurement of seedling functional integrity helps determine the survival capability at the 
time of planting. An example of a testing program used to measure the initial survival potential of 
interior spruce is shown in Figs. 5.1.2.3a and 5.1.2.3b. In this example, spruce root systems were 
damaged to varying degrees just prior to stock quality testing. One day after exposure to damaging 
conditions, root systems were assessed for the degree of damage based upon the root electrolyte 
leakage procedure (greater root electrolyte leakage value means greater cell membrane damage, 
thus greater root damage). Seedlings were then grown under optimum environmental conditions 
and assessed at 1, 2, and 8 weeks by Pn and, root growth capacity, and survival testing approaches, 
respectively. Greater root damage resulted in seedlings having lower Pn and root growth capacity 
at 1 week, indicating that damaged root systems could not take up water, thus seedlings were 
under stress and Pn declined. Greater root damage also resulted in lower root growth capacity 
after a 2-week test. In addition, interior spruce seedlings with greater degrees of root damage had 
greater mortality (Fig. 5.1.2.3b). Thus, lower functional integrity can also indicate reduced survival 
potential. 
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Fig. 5.1.2.3a. Stock quality assessment procedures to determine the initial survival potential of interior 
spruce seedlings with damaged root systems. Damage to the root system of seedlings (N = 8: mean ± SE) 
was determined by root electrolyte leakage (1 day after stress), net photosynthesis (Pn), shoot water 
potential () (1 week after stress), and root growth capacity (2 weeks after stress) (Grossnickle and Folk, 
unreported data). Seedlings were grown under optimum environmental conditions during the entire 
assessment period. 
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Table 5.1.2.3. Examples of stock quality tests that measure the initial survival potential of seedlings 
immediately before planting. 


Stock quality tests  Test purpose  References  


Root growth capacity 
(optimum environment) 


A measure of seedling ability to 
regenerate new roots and an indirect 
measure of seedling physiological 
condition (Section 5.1.2.2). 


Stone 1955; Ritchie and Dunlap 
1980; Ritchie1985; Burdett 
1987; Ritchie and Tanaka 1990; 
Sutton 1990; Simpson and 
Ritchie 1997 


   


Vigor test  
Expose seedlings to a stress event 
and then measure subsequent 
seedling survival. 


McCreary and Duryea 1985, 
1987; Lavender 1988 


   


Shoot water potential  
Measurement of Ψ as an in- direct 
measure of root sys- tem capability to 
absorb water. 


McCreary and Duryea 1987; 
McKay and White 1997 


   
Needle conductance, 
transpiration, or 
photosynthesis 


Measurement of gas exchange as an 
indirect measure of root system 
capability to absorb water. 


Örlander and Rosvall Ahnebrink 
1987; Langerud et al. 1991 


   


Infrared thermography  


Measurement of needle temperature 
as an indirect measure of gas 
exchange and the root system 
capability to absorb water. 


Weatherspoon and Laacke 
1985; Örlander et al. 1989 


   


Root System water loss 
capability 


Measurement of root system water 
loss under positive pressure as an 
indirect measure of root system 
integrity. 


Ritchie 1990  


   


Fine root electrolyte 
leakage 


Measurement of root electrolytes as 
an indirect measure of root system 
integrity. 


McKay and Mason 1991; McKay 
1992; Bigras and Calmé 1994; 
Bigras 1997; McKay and White 
1997; McKay 1998 


   


Enzymatic activity  Determination of whether cell tissue 
is damaged or dead. 


Lindström and Nyström 1987; 
Puttonen 1989b 


   


Chlorophyll fluorescence  
Direct measure of photosynthetic 
capacity and an indirect measure of 
seedling overall quality. 


Vidaver et al. 1989, 1991; 
Binder et al. 1997 


   
Stress-induced volatile 
emissions 


A measure of anaerobic respiration 
due to cell injury. 


Hawkins and DeYoe 1992; 
Templeton and Colombo 1995 
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Fig. 5.1.2.3b. Stock quality assessment of interior spruce seedlings with damaged root systems measured 
by root electrolyte leakage (1 day after stress) (subpopulation of N = 8) and survival (N = 25) (8 weeks after 
stress) (Grossnickle and Folk, unreported data). Seedlings were grown under optimum environmental 
conditions during the entire assessment period. 


This example demonstrates that stock quality assessment tests are capable of measuring the 
functional integrity of interior spruce seedling root systems suspected of being exposed to 
damaging conditions. Very rapid testing procedures, such as root electrolyte leakage, chlorophyll 
fluorescence, and stress-induced volatile emissions, have the ability to forecast seedling 
performance for up to 8 weeks after exposure to a damaging event. If there is suspected damage to 
the shoot system, material attributes that measure gas exchange or photochemical processes are 
best suited to quickly detect the functional integrity of the shoot system (Table 5.1.2.3). Further 
testing of performance attributes (e.g., root growth capacity) is required if material attribute 
testing detects shoot damage.  


Seedlings that have reduced functional integrity can have poor field survival. As shown in Figs. 
5.1.2.3a and 5.1.2.3b, spruce seedlings that cannot grow roots have a low survival capability. This 
same phenomenon can occur in spruce seedlings that are planted on reforestation sites; low root 
growth capacity results in low field survival (Fig. 5.1.2.3c). In fact, this trend was still evident for the 
survival of interior spruce seedlings after 5 years (Simpson and Vyse 1995). 
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                                             Number of New Roots >1.0 cm  


Fig. 5.1.2.3c. The relationship between first-year survival on a reforestation site and the capability of 
interior spruce seedlings to grow roots at the time of planting. Each point represents mean survival and 
mean root growth capacity of five seedlings taken from the same sample population (adapted from 
Simpson 1990). 


Measuring root growth capacity can predict field survival when seedlings have low to average 
stress resistance and when seedlings are planted on sites with limiting environmental conditions 
(Simpson and Ritchie 1997). This rationale has led to the conclusion that both bare-root (Burdett 
and Simpson 1984) and container-grown (Simpson et al. 1988) spruce seedlings have a natural root 
growth capacity threshold of an average of 10 new roots (>1.0 cm in length) per plant, which is 
used as a batch culling guideline in British Columbia. Spruce seedlings with low root growth 
capacity (<10 new roots) have the potential for poor survival, which results in a greater chance of 
plantation failure. This guideline has provided a means for defining the risk of planting seedlings on 
reforestation sites that do not meet this minimum root growth capacity standard. The capability of 
a spruce seedling to grow roots can be influenced by many varying factors (Section 5.1.2.2). Thus, 
caution should be used in assuming that a standardized root growth capacity guideline, taken under 
varying operational conditions, is always representative of the functional integrity of the seedlings.  


PERFORMANCE POTENTIAL TESTING  


Seedling performance on a reforestation site depends on inherent growth potential of the 
seedling and the degree to which field site environmental conditions limit or enhance this potential. 
Thus, the degree to which seedlings are suited to site conditions has the greatest influence on 
seedling performance immediately after planting (Burdett 1983). Seedling characteristics that 
accurately determine field growth are needed to define the intrinsic performance potential of 
planting stock to site conditions (Sutton 1982, 1988). As a result, seedling performance potential 
should be characterized in relation to anticipated field site environmental conditions (Duryea 
1985b; Sutton 1988; Puttonen 1989a; Grossnickle et al. 1988, 1991a, 1991b; Hawkins and Binder 
1990) (Fig. 5.1.2.1). In addition, an array of morphological and physiological tests that examine 
factors important for determining seedling field performance potential is required because stock 
quality reflects the expression of a multitude of physiological and morphological attributes (Ritchie 
1984; Grossnickle et al. 1991a, 1991b). A program that measures seedling response to simulated 
primary planting site environmental conditions can provide information on field performance 
potential (Grossnickle et al. 1991a, 1991b; Folk and Grossnickle 1997). Thus, field performance 
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potential testing is a measure of seedling physiological stress resistance capability. This testing 
approach describes how seedlings physiologically respond to potential reforestation site 
environmental conditions.  


Based on stress tolerance and avoidance concepts defined by Levitt (1980), performance 
potential tests have been developed to measure seedlings physiological response and 
morphological development under a range of environmental conditions. Examples of tests that can 
be used to assess field performance potential are shown in Table 5.1.2.4. Seedlings are normally 
exposed to some type of stress after planting on a reforestation site (Sections 5.3 and 5.4). As a 
result, stock quality tests conducted in a defined stress environment have a higher capability to 
forecast field performance potential. In developing test environments, predominant environmental 
conditions that seedlings are normally exposed to in the field need to be defined. Test 
environments should be developed to match the range and combination of anticipated 
environmental conditions seedlings can be exposed to just after planting on the reforestation site. 
The anticipated environmental conditions can be defined by silviculturists during on-site 
development of regeneration prescriptions.  


It is necessary to test a combination of attributes in order to develop a comprehensive picture 
of seedling performance potential. Field performance potential is determined by material attributes 
that measure or define stress tolerance, avoidance, or resistance and by performance attributes 
under simulated site environmental conditions (Grossnickle et al. 1991a, 1991b; Folk and 
Grossnickle 1997). Figure 5.1.2.4a provides examples of field performance potential testing 
programs that can be applied to seedlings slated to be planted on field sites with anticipated cold 
or drought environmental conditions. Attribute selection varies, depending upon both the 
anticipated field site environmental conditions and the defined needs of the end-user. Testing for 
field performance potential is designed to allow the user to obtain information on stock to meet a 
defined purpose. This testing program usually falls into one of two categories. 


First, field performance potential assessment can be measured on healthy seedlings to define 
field performance potential in relation to optimum, as well as possible, limiting field site conditions. 
An example of this stock quality assessment procedure is presented in Section 5.1.4 to describe 
interior spruce containerized stock types used in spring and summer planting programs and for 
container-grown seedlings of various sizes. 


Second, field performance potential assessment can be determined on seedlings with minor 
damage where performance and survival is limited under stressful conditions, but not under 
optimal environmental conditions. An example of this stock quality assessment procedure follows.  


Measuring field performance potential of seedlings with minor damage helps determine 
whether field performance is limited at the time of planting. An example of a testing program to 
measure the initial field performance potential of spruce is shown in Fig. 5.1.2.4b. These container-
grown interior spruce seedlings, destined for a summer planting program, were originally grown 
under optimum conditions in a greenhouse during early spring. The seedlings were then moved 
into an outdoor compound where they were inadvertently exposed to stressful atmospheric 
conditions (i.e., high VPD and light) during the late spring. Although the seedlings were kept well 
watered, the needles developed sun-scald, or a bleaching of the upper surface of the needles. 
Seedlings from across the full range of sun-scald conditions were capable of growing roots (all 
seedlings grew >80 new roots) under the optimum environmental conditions of a standard root 
growth capacity test. Seedlings were also tested to determine whether the needle sun-scald would 
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affect drought avoidance capability. Both a material attribute test (cuticular transpiration) and a 
performance attribute test (change in Ψunder drought) indicated that sun-scalded seedlings lacked 
adequate drought avoidance capability. These sun-scalded interior spruce seedlings had damaged 
needles that would have limited their performance and survival under drought on a reforestation 
site. This type of information on seedling quality could only have been determined with the use of 
performance testing designed to assess drought avoidance capability.  


CAUTIONS IN APPLYING STOCK QUALITY RESULTS  


Limitations are inherent in stock quality assessment, depending on time of testing and the 
seedling morphological and physiological attributes that are measured (Puttonen 1989a, 1997). 
These limitations influence test result usage. To define field performance, morphological and 
physiological attributes need to be tested just prior to field establishment. This provides 
information on seedling initial field performance capability. However, spruce seedling inherent 
stress resistance changes as seedlings grow and follow the normal seasonal phenological cycle 
(Section 3.9). These patterns of stress resistance also change as seedlings are exposed to field site 
environmental conditions. Any testing procedure is just a “snapshot” of a single point in time along 
this seasonal pattern, making it difficult to accurately forecast all future seasonal patterns. Thus, 
the capability of these stock quality measurements to forecast seedling field performance potential 
is limited to a time frame that spans into the first growing season on a reforestation site.  
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Table 5.1.2.4. Examples of material and performance attributes used for stock quality testing and their 
intended purpose for defining field performance potential.  


Attribute   Test purpose  References  
Material attributes    
Height  General measure of Pn capacity 


and transpirational area; 
advantage on sites with brush 
competition; reflection of 
potential height growth. 


Armson and Sadreika 
1979; Cleary et al. 1978; 
Mexal and Landis 1990 


   
Diameter  General measure of seedling 


durability, root system size, and 
protection from drought and heat 
damage. 


Cleary et al. 1978; Mexal 
and Landis1990 


   
Height to diameter 
ratio  


General measure of shoot 
sturdiness. 


Mexal and Landis 1990  


   
Root dry weight  Indicator of root absorptive 


surface. 
Thompson 1985  


   
Shoot to root ratio  Measure of seedling drought 


avoidance potential. 
Thompson 1985  


   
Bud length, bud 
volume, needle 
primordia 


General measure of 
predetermined shoot extension. 


Kozlowski et al. 1973; 
Colombo 1986 


   
Number of 
branches and buds 


Indicator of seedling growth 
potential. 


Grossnickle et al. 1991a 


   
Osmotic potential 
at turgor loss point 
(Ψ tlp) 


Quantitative measure of drought 
tolerance. 


Tyree and Jarvis 1982  


   
Cuticular 
transpiration  


Ability of needles to avoid water 
loss after stomata have closed. 


Vanhinsberg and 
Colombo 1990 


   
Mineral nutrient 
status  


Indicator of general seedling 
health and growth potential. 


Ingestad 1979; Timmer 
1997; Section 5.4.6.1 


   
Carbohydrate 
reserves  


Indicator of general seedling 
health and growth potential. 


Marshall 1985  


    
Days to terminal 
budbreak 


Measure of bud dormancy and 
indirect measure of changes in 
drought and freezing tolerance. 


Lavender 1985; Burr 1990 
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Table 5.1.2.4 (concluded).  
Attribute  Test purpose  References  
Performance 
attributes  


  


Root growth 
capacity  


General indicator that all systems 
in a seedling are functioning 
properly and a measure of 
seedling performance potential 
(Section 5.1.2.2).  


Ritchie 1984; Burdett 
1987  


   
Root growth 
capacity at low root 
temperature or 
after drought  


Measure of seedling performance 
potential under limiting edaphic 
conditions.  


Ritchie 1985; Grossnickle 
et al. 1991a  


   
Freezing tolerance  Measure of seedling tolerance to 


freezing temperatures. 
Glerum 1985  


   
Pn over optimum 
conditions (14-day)  


Measure of seedling 
photosynthetic capacity.  Grossnickle et al. 1991a  


   
Pn over low root 
temperature 
conditions (14day)  


Measure of seedling tolerance to 
cold soils.  


Grossnickle et al. 1991a  


   
Pn after drought  Measure of seedling drought 


tolerance in response to a defined 
level of water stress. 


Grossnickle et al. 1991a  
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Cold Stresses 


 


Drought Stresses  


Fig. 5.1.2.4a. Possible stock quality testing procedures for determining spruce seedling field performance 
potential in response to either cold or drought reforestation site environmental conditions. 







Alberta Silviculture Guide: Section 8                  24 | P a g e  


 


Fig. 5.1.2.4b. Stock quality assessment of interior spruce seedlings with varying degrees of needle sun-scald 
(i.e., moderate and severe) measured by performance potential testing under drought (material attribute: 
cuticular transpiration (TR


cut
) (N = 6: mean + SE); performance attribute: change in shoot water potential 


(Ψ) under drought (N = 8: mean ± SE)). Letters on the bar graph represent whether seedlings from different 
damage categories were significantly different as determined by an ANOVA and Tukey’s mean separation 
test (p = 0.05) (Grossnickle and Folk, unreported data).  


When conducting any type of stock quality assessment procedure, one must recognize that 
differences in test results can occur due to species, genetic variation of seedlots (Section 4), 
variability in nursery culture, storage regimes, time of planting, and variability in testing conditions. 
Separate testing standards need to be developed for seedlings produced from various 
combinations of seedlot selections and nursery cultural decisions. Seedling users also have to be 
aware that the mishandling of stock during transport to planting sites, improper planting 
procedures, and unpredictability of field site environmental conditions can all influence how test 
results conducted prior to field planting match up with initial seedling survival and (or) field 
performance. Results derived from stock quality testing are only as good as the quality of 
operational procedures used in the overall forest regeneration program. 
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CONTAINER-GROWN STOCK TYPE CHARACTERIZATION 


Northern spruce species are produced as both container-grown and bare-root stock types 
throughout the world. By the early 1990s, over 90% of the conifer seedling production in British 
Columbia and over 75% of all conifer seedlings in Canada were produced as container-grown 
seedlings (Arnott 1992). This section focuses on the range of both physiological and morphological 
attributes of spruce stock types currently being produced for planting in British Columbia. The 
intent is to give readers an appreciation of what can be created within a containerized nursery 
program growing spruce seedlings.  


The Styroblock
® 


container system was developed during the 1970s and is currently the most 
popular container system used to grow conifer seedlings in British Columbia (Arnott 1992). Stock 
type characterization of spruce seedlings described in this section primarily pertains to container-


grown seedlings produced within this Styroblock
® 


container system. Section 5.1.4.1 addresses the 
performance of spring-planted versus summer-planted stock types, while Section 5.1.4.2 examines 
the performance characteristics of different size stock types. The initial performance of spruce 
seedlings in the field is related to their stock type. Performance is dependent upon the inherent 
growth potential of a stock type and can be defined by performance potential testing within a stock 
quality assessment program (Section 5.1.2.4). The following sections describe the stock quality 
attributes of currently produced stock types.  


Containerized spruce seedlings can also be produced through the vegetative propagation 
systems of rooted cuttings and somatic embryogenesis tissue culture. These vegetative propagation 
technologies provide the opportunity to capture the additional genetic gains produced by tree 
improvement programs and can be used for bulking up the most elite, full-sib families. Section 
5.4.1.3 briefly discusses the current developments of these propagation technologies for spruce 
forest regeneration programs.  


SPRING-VERSUS SUMMER-PLANTED SEEDLINGS  


This section provides a representation of performance potential attributes inherent in spruce 
containerized stock types commonly used during the spring and summer planting seasons. The 
performance of stock types used in the spring and summer planting program are also examined, in 
a later section, over two growing seasons in order to define how they become established on 
reforestation sites (Section 5.4.1.3). Stock types have their greatest effect on performance as 
seedlings become established and start to grow on the reforestation site. Each stock type has a 
specific growth pattern and level of stress resistance which affect physiological response and 
morphological development on a reforestation site. Spring-planted seedlings develop both the 
shoot and root systems during the first growing season. In contrast, summer-planted seedlings only 
develop root systems during the first growing season; these seedlings’ first shoots elongate during 
the second growing season.  


Morphological characterization of containerized stock types provides insight into the balance 
of a seedling. The 2+0 stock type has an overall larger shoot system than the other stock types due 
to the additional period of time for development in the nursery (Table 5.1.4.1). All stock types have 
morphological balance of their shoots (i.e., height to diameter ratio) as well as between their shoot 
and root. The 2+0 seedlings intended for the summer planting program have a larger shoot to root 







Alberta Silviculture Guide: Section 8                  26 | P a g e  


ratio, which is reflective of a larger shoot system development over two growing seasons. Root 
system development was comparable between all of the stock types, indicating that container 
cavity size limited continued root development during the second nursery growing season. Both 
1+0 stock types have a similar number of lateral branches, although seedlings slated for summer 
planting have ~50% more buds along the shoots, compared to seedlings used in spring planting. The 
2+0 stock type has fewer lateral branches than both 1+0 stock types, although it has a number of 
buds along the shoots comparable to the 1+0 summer-planted stock type. The number of needle 
primordia found in the terminal bud of both 1+0 and 2+0 stock types ranged from 186 to 250. 
These buds are the sites for potential shoot growth after seedlings are planted. However, seedlings 
planted in the summer do not usually break bud, and thus they have no shoot growth during the 
first field season, while seedlings planted in the spring usually break bud after a period of 10–14 
days.  


Root growth depends upon the edaphic conditions of the testing procedure. In this example, 
all stock types have comparable ability to grow roots under optimum conditions (Table 5.1.4.1). 
Spring-planted seedlings can show a wide range in root growth capacity, and this may be related to 
lifting and storage practices (Section 5.1.3). In contrast, root growth capacity of summer-planted 
seedlings seems fairly comparable between years (Fig. 5.1.1.1) and stock types. When spring-
planted seedlings are planted under low soil temperature, root growth is reduced (Table 5.1.4.1) 
(Section 3.5.1). This indicates that even seedlings with acceptable root growth capacity can have 
difficulty becoming established when soil temperatures are low in the spring (Section 1.2.1). 
Summer-planted seedlings show good root growth after drought stress and can develop an 
effective root system to ensure establishment of seedlings (Table 5.1.4.1). This is an important 
attribute for summer-planted seedlings.  


Seedlings planted in the spring (usually around mid May) have a high level of stress resistance 
just after planting. This is reflected in high freezing tolerance, drought tolerance, and drought 
avoidance characterization (Table 5.1.4.1). As these seedlings break bud, stress resistance declines, 
and 4 weeks after planting (during late spring and early summer), seedlings are at a low level of 
stress resistance and are in their most rapid phase of shoot growth. This development pattern 
conforms with the typical seasonal cycle for spruce seedlings (Section 3.9) and is the period when 
there is the lowest potential for frost (Section 1.2.3) or drought on northern reforestation sites.  


Seedlings planted in the summer (usually around mid July) have low stress resistance just after 
planting. Low levels of freezing tolerance, drought tolerance, and drought avoidance are typical of 
both 1+0 and 2+0 stock types (Table 5.1.4.1). Thus, these seedlings are potentially vulnerable to 
freezing or drought just after planting. The only attribute that varies between these stock types is 
that 2+0 seedlings have lower cuticular transpiration than 1+0 seedlings, which provides greater 
drought avoidance capability under field conditions when VPD is high (Section 1.3.2). After 4 weeks, 
summer-planted seedlings show an increase in freezing tolerance, drought tolerance, and drought 
avoidance. Summer-planted seedlings do not break bud during the first growing season, and the 
development of stress resistance is reflective of the normal late-summer development in spruce 
seedlings (Section 3.9).  


 


Spruce seedlings coming out of storage usually have low gas exchange capacity (Section 5.1.3). 
This pattern is reflected in the lower Pn  of spring, compared to summer, planted interior spruce 
seedlings (Table 5.1.4.1). Spring-planted seedlings have reduced gas exchange capacity (i.e., Pn 
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reduced by 23%) under low root temperature, which is normal phenomenon for spruce seedlings 
(Section 3.5.1). Summer-planted seedlings have higher Pn than spring-planted seedlings, which is 
reflective of the high level of gas exchange capacity found during the summer (Section 3.9). 
Interestingly, the 1+0, compared to 2+0, summer-planted stock type has higher Pn. After drought, 
summer-planted seedlings have a 40–55% decrease in Pn, with this reduction in Pn reflective of the 
low drought tolerance, thus Pn recovery (Section 3.5.2.1). As with root growth, the response of Pn 
is sensitive to field edaphic conditions, which can limit the gas exchange of seedlings just after 
planting. 


Spring-and summer-planted stock types have different growth patterns and levels of stress 
resistance at the time of planting, which affects their physiological response and morphological 
development. It also needs to be realized that the level of stress resistance changes quite rapidly 
within a month after seedlings are planted. Data presented for these interior spruce stock types are 
intended to represent the general trends in inherent performance capabilities. Absolute values for 
any individual attribute can change from year to year, depending upon nursery cultural practices 
(Section 5.1.1) and the genetic source (Section 4). Nevertheless, these general differences in field 
performance potential should be recognized when making stock type selections. This information 
should be used in conjunction with knowledge of the reforestation site environment to select the 
best stock type and timing for planting.  
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SEEDLINGS OF VARIOUS SIZES  


Foresters are frequently confronted with the fact that on some reforestation sites, vegetation 
can shade newly planted seedlings, thus reducing field performance (Section 5.5). Another problem 
facing foresters is that field sites with limiting environmental conditions may restrict the 
performance of planting stock. A solution being considered to deal with these regeneration 
problems is the use of larger planting stock. It is assumed that larger planting stock has the inherent 
performance potential to compete with other vegetation and has greater stress resistance to 
handle environmentally limiting field site conditions. This section provides information on the 
performance potential attributes inherent in spruce containerized stock types that have a range in 
sizes commonly used during the summer planting season. Stock quality characterization just before 
planting describes the material and performance attributes defined in the stock quality assessment 
section (Section 5.1.2). The field performance for spruce seedlings of various sizes under 
reforestation sites conditions is described elsewhere (Section 5.4.1.4).  


Morphological characterization provides information on the shoot and root structural 
differences between these stock types. Seedlings grown in large-volume container cavities have 
greater shoot and root size, but maintain a comparable balance within the shoot system (i.e., 
similar height to diameter ratios), and between the shoot and root system (i.e., similar shoot to 
root ratios) (Table 5.1.4.2). Other work has found that spruce seedlings grown in large-volume 
container cavities are taller, have larger root collar diameters, and greater total shoot and root dry 
weights (Lamhamedi et al. 1997; Paterson 1997). In addition to having a taller shoot, seedlings 
grown in large-volume container cavities have a greater number of branches and buds, but no 
greater potential for predetermined terminal shoot growth after field planting (i.e., number of 
needle primordia found in the terminal bud). Thus, large-volume container cavities produce a larger 
seedling that occupies a greater area within the planting spot, without compromising structural 
balance.  


Root growth in spruce seedlings is dependent upon edaphic conditions. Across all three testing 
environments, there was no relationship between seedlings grown over a range of container 
volume cavities and root growth (Table 5.1.4.2). Root growth of spruce seedlings usually shows a 
general trend of greater new root growth with a greater original root system size (Fig. 5.1.2.2b). 
Root growth of spruce seedlings also varies, depending upon whether the stock type was stored for 
a spring planting program or fresh-lifted for a summer planting program, the nursery cultural 
practices, and the genetic source (Section 5.1.2.2). Thus, a larger root system does not necessarily 
ensure a greater ability to grow roots.  


Seedlings of all sizes have similar physiological performance and material stock quality 
attributes. Interior spruce seedlings grown over a range of container volume cavities had 
comparable freezing tolerance and drought tolerance or avoidance (Table 5.1.4.2). Photosynthetic 
capacity was also comparable between seedlings of various sizes over a range of environmental 
conditions. This indicates that producing a morphologically larger seedling does not confer any 
additional physiological performance and material stock quality attributes to enhance performance 
under optimum or limiting environmental conditions. If there is a benefit of a larger seedling in 
relation to physiological performance, it is that its greater foliar mass allows for greater seedling 
photosynthetic capacity. This capability could be critical in enhancing the ability to grow quickly and 
occupy site resources during establishment.  
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PLANTING SPOT LOCATION 


Two major factors are considered when choosing planting spots for seedlings. First is the 
location in which a seedling is planted. After a major disturbance, horizontal and vertical 
heterogeneity is usually very high, although vertical heterogeneity is primarily present just near the 
soil surface due to the short stature of vegetation (Spies 1997). Selection of planting spots on these 
disturbed sites is generally dictated by slash, rocks, debris, depth of organic layer, natural seedlings, 
and competition across the site. This factor has a very strong influence on growth of the seedling. 
Second is the target density for the area to be reforested. Every reforestation program has a target 
for the number of seedlings that are planted for a given area. However, target densities should not 
be the overriding factor in determining the exact number of seedlings planted in a given area. 
Planting densities should be based upon the available microsites across the reforestation site.  


The local climate broadly reflects regional climate, but microclimatic conditions may vary 
considerably, depending upon elevation, topography, and aspect. At the microclimate scale, forest 
canopy removal has a major effect on the radiation balance, which leads to changes in air 
temperature and relative humidity, thereby affecting VPD. Forest canopy removal also affects the 
water balance and fertility of the soil. Thus, the selection of a planting spot determines the 
microclimate surrounding a seedling (Fig. 5.2). The regeneration niche for boreal reforestation sites 
proposed by Margolis and Brand (1990) provides a generalization of the environmental conditions 
that seedlings are exposed to on a clear-cut site.  


 


 


• Initially higher soil temperatures 


• Excessive soil water in poorly drained soils 


• Inadequate soil water in well-drained soils 


• Increased nutrient availability in the soil solution 


 


Fig. 5.2. Microsite environmental conditions of the planting spot on a northern latitude reforestation site 
that can influence the performance of planted spruce seedlings.  


These include (i) high light intensity, (ii) high or low soil water availability, (iii) low to medium soil 
temperatures, (iv) high soil surface temperatures, (v) high vapour pressure deficits, (vi) high 
incidence of frost, (vii) high wind speeds, and (viii) high nutrient availability in the soil solution. 







Alberta Silviculture Guide: Section 8                  35 | P a g e  


Specific details on all of these environmental parameters as they relate to clear-cut reforestation 
sites have been previously described in Section 1. The environmental changes that occur with the 
use of a partial forest canopy retention system are discussed later in this treatise (Section 5.6). 
Foresters must recognize which of these site-specific environmental factors might limit seedling 
performance on each reforestation site, and they must make the selection of planting spots based 
on the best available planting microsites.  


Environmental factors that determine the planting spot microsite also directly affect the 
physiological response of spruce seedlings (as described in Section 3). It is important to recognize 
that reforestation sites have ever-changing environmental conditions and that spruce seedling 
ecophysiological processes continually respond to these site conditions. Also, seedlings undergo 
many morphological and physiological changes during the annual cycle, which affects the degree of 
stress resistance (i.e., both tolerance and avoidance) to environmental conditions (Section 3.9). 
Field performance is also related to the inherent genetic variation in the physiological performance 
of spruce seedlings (Section 4). Foresters see the subsequent effect of this dynamic interaction 
between site environmental conditions and seedling physiological response as field survival and 
growth performance. Understanding the way in which these physiological processes affect spruce 
seedling field survival and growth can improve the forester’s capability to make proper planting 
spot selection and additional silvicultural decisions that impact on plantation performance. It is also 
critical to realize that the amount of space, both above-and below-ground, between competing 
vegetation and newly planted seedlings has a direct bearing on microclimate. Early seral stage 
species with a high level of overall physiological activity and growth are in direct competition with 
spruce seedlings within this reforestation site environment. Competing vegetation creates 
microclimates that are ever changing; over time this vegetation alters the environmental conditions 
of the planting spot (Section 5.5). Understanding the interaction between competing vegetation 
and the ecophysiological processes of newly planted spruce seedlings is paramount to the selection 
of desirable planting spots, thereby enhancing the potential for successful development of free-to-
grow forest plantations.  


PLANTING STRESS 


Seedlings can be exposed to stress just after planting on a reforestation site. Stress occurs 
because reforestation sites can present extreme environmental conditions which alter site heat 
exchange processes and soil water relations (Miller 1983) (Sections 1.2 and 1.3) (Fig. 5). To 
ameliorate these conditions, seedlings require a continuous movement of water from absorbing 
roots to transpiring needles to maintain a proper water balance and ensure survival. The ability of a 
seedling to take up water is influenced by available soil water, root system size and distribution, 
root–soil contact, and root hydraulic conductivity (Fig. 5.3a) (Sections 1.3.1 and 2.1.2). 
Transpirational loss from the needles is determined by the degree of stomatal opening (gwv), needle 
area, and the atmospheric demand for water (response to VPD, Section 3.2).  
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                  Planting Stress = Seedling Water Stress 


 


Fig. 5.3a. Descriptive representation of planting stress in spruce seedlings. 


Typically newly planted seedlings have restricted root placement, poor root–soil contact, and 
(or) low root system permeability, which can limit water uptake from the soil (Kozlowski and Davies 
1975; Burdett 1990). A lack of root development into the soil for newly planted interior spruce 
seedlings can result in increased seedling water stress (Draper et al. 1985). This occurs because 
newly planted seedlings, with little root development, have a higher resistance to water movement 
through the SPAC, which results in lower seedling Ψ at the same level of transpiration as older 
seedlings with well-developed root systems (Fig. 5.3b) (Bernier 1993). If sufficient root growth does 
not occur, spruce seedlings continue to be under water stress, and seedling mortality can occur 
(Hines and Long 1986). New root growth increases the capability of a seedling to access water from 
a greater soil volume. In addition, new roots can absorb greater amounts of water, thereby 
reducing the level of root resistance to water movement from the soil through the root and into 
the xylem (Section 2.1.2). A number of studies have shown that when root growth does occur in 
newly planted seedlings, an increase in daily seedling Ψ occurs, except under limiting 
environmental conditions, and seedling physiological processes begin to resume normal 
functionality (Sands 1984; Grossnickle and Reid 1984b; Carlson and Miller 1990; Brissette and 
Chambers 1992). The potential for damaging water stress levels is reduced as new root 
development occurs, thereby improving seedling establishment after planting.  


Soil water content can also affect whether planting stress occurs in newly planted seedlings. 
Near-surface and root-zone soil water deficits can be a major constraint to spruce seedlings on 
boreal reforestation sites. Root-zone soil water deficits are the result of evaporation from the soil 
surface and transpiration from competing vegetation (Section 5.5.3). Planting stress can also occur 
in flooded soil conditions which restrict water uptake by seedlings (Section 3.5.2.2). Planting stress 
does not occur when newly planted seedlings are exposed to conditions of abundant soil water and 
(or) low atmospheric evaporative demand. Under these conditions, new root development is not 
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required because the existing root system is adequate to supply water to the shoot system to meet 
transpirational demand. Thus, various levels of soil water content have a direct influence on 
whether newly planted seedlings are exposed to water stress.  


Planting stress can be affected by the hydraulic properties of the soil system. Soils that are 
high in organic matter content, within the rooting zone of newly planted seedlings, have an 
increase in soil porosity, a decrease in bulk density, and an increase in saturated hydraulic 
conductivity (Section 1.3.1). At soil water contents below saturation, however, soils of high organic 
matter content can have a decrease in unsaturated hydraulic conductivity (Hillel 1971), which 
reduces water movement to the roots. For example, Engelmann spruce seedlings planted in soils 
with high organic matter content had increased seedling water stress throughout the growing 
season (Grossnickle and Reid 1984b), which resulted in increased mortality (Grossnickle and Reid 
1982). In this instance, successful establishment was affected by the hydraulic properties of the soil 
within the rooting zone.  


Planting stress can occur at varying levels of intensity and for varying lengths of time, 
depending upon how spruce seedlings respond to planting. The following are three examples of 
planting stress that can occur in newly planted spruce seedlings.  


Severe planting stress can be defined by a level of water stress severe enough to limit a major 
physiological process during most of the daylight period, although not severe enough to cause 
death (Section 2.1.3). Bare-root white spruce seedlings had very low Ψduring the first 3 weeks after 
planting (Ψmin < –2.50 MPa) (Fig 5.3c). Initial root growth was detected on these seedlings after 2 
weeks, resulting in an increase in daily Ψmin levels (increased to between –2.0 and –2.5 MPa) 
(Grossnickle and Heikurinen 1989). However, during the first two-thirds of the growing season, Ψmin 


was lower than or comparable to Ψtlp. This indicates that during midday, white spruce seedlings 
were at a level of water stress exceeding the turgor loss point, causing a reduction in physiological 
processes (Section 2.1.1). These seedlings had not yet developed enough of a root system to access 
sufficient soil water to meet the transpirational demands placed on the shoot systems. In the final 
third of the growing season, Ψmin increased as enough root system development occurred, which 
allowed for sufficient water uptake to meet transpirational demands.  


In moderate planting stress, recently planted seedlings are initially exposed to water stress 
which quickly disappears during the growing season. For example, containerized Engelmann spruce 
seedlings showed Ψmin ranging between –1.5 and –2.0 MPa over the first month of the growing 
season (Fig. 5.3c). Initially, these recently planted seedlings had lower Ψmin than seedlings growing 
for 5 years on the reforestation site. This was due to minimal root development during the first half 
of the growing season, coupled with high atmospheric evaporative demand and limited water in 
the upper portions of the soil profile Grossnickle and Reid 1984b). This limited water uptake from 
the soil resulted in greater resistance to water movement through the SPAC (Fig. 5.3b). By the 
second half of the growing season, Ψmin was comparable to seedlings growing for 5 years on the 
reforestation site (Fig. 5.3c). This is because recently planted seedlings had developed sufficient 
roots to allow for adequate water uptake from the soil.  


In low planting stress, recently planted seedlings are never exposed to severe water stress 
during the growing season. For example, interior spruce seedlings showed no indication of water 
stress (Ψmin at –1.2 MPa) the first month after planting (Fig. 5.3c). This was due, in part, to access to 







Alberta Silviculture Guide: Section 8                  38 | P a g e  


soil water and low atmospheric evaporative demand throughout the early part of the growing 
season (Grossnickle and Major 1994b). By early July, the seedlings had enough root development to 
allow for sufficient water movement through the SPAC, even though soil water declined later in the 
growing season (Grossnickle and Major 1994b). Seedlings were exposed to water stress only in 
early July. This was due to seasonal changes in Ψtlp, rather than a decline in Ψmin. Seasonal increases 
in Ψtlp occurred during the period of shoot growth and is a regular growing season phenomenon 
within the phenological cycle (Sections 2.1.1 and 3.9). During the shoot growth period, spruce 
seedlings can be exposed to water stress even under conditions of sufficient soil water and even 
when they have developed root systems capable of water uptake. During the remainder of the 
season, the seedlings had Ψmin that never declined below –1.4 MPa, indicating that their root 
systems had sufficient capability to take up water to meet transpirational demands.  


The exposure of seedlings to stress is a normal consequence of the process of lifting, storing, 
handling, shipping, and planting during forest regeneration. Some degree of stress is unavoidable 
even under the most ideal planting conditions. Planting stress can be mitigated somewhat by 
planting seedlings with a high stress resistance (Section 5.1.2.4). Also, planting stress can be 
minimized by preparing favorable planting sites and planting seedlings properly (Rietveld 1989). 
Lastly, planting stress can be reduced by timing planting to limit exposure to stressful 
environmental conditions that reduce both physiological response and root growth of the seedlings 
(Section 3).  


 


 


 


Fig. 5.3b. The relationship between transpiration rate (TR) and shoot water potential (Ψ) for 1- and 5-year-
old Engelmann spruce seedlings on an afforestation site. Insert figure represents the amount of seedling 
root growth out into the soil (adapted from Grossnickle and Reid 1984b). 
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Fig. 5.3c. Examples of varying levels of water stress for newly planted spruce seedlings over a range of 
reforestation sites. Severe planting stress is represented by bare-root white spruce seedlings planted on a 
site in northern Ontario (adapted from Grossnickle 1988b and Grossnickle and Heikurinen 1989). Moderate 
planting stress is represented by container-grown Engelmann spruce seedlings planted on a site in 
Colorado (Grossnickle 1983). Low planting stress is represented by container-grown interior spruce 
seedlings planted on a site in central British Columbia (adapted from Grossnickle and Major 1994b). The 
parameters presented in the figure are minimum daytime shoot water potential (Ψ


min
), measured between 


1200 and 1330 h, and osmotic potential at turgor loss point (Ψ
tlp


).  
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ESTABLISHMENT PHASE 


Seedlings enter the establishment phase on reforestation sites when they start to develop root 
systems into the surrounding soil. Therefore, seedlings establish a proper water balance and 
respond to field site atmospheric conditions without the limitations that can occur when seedlings 
do not have access to soil water. The establishment phase is a time when seedlings developed as 
specific stock types or treated with certain nursery cultural practices begin to respond to site 
conditions. In this section, the performance of container-grown spruce seedlings is examined in 
relation to short-day nursery cultural effects (as discussed in Section 5.1.1.1), spring and summer 
planting programs (as discussed in Section 5.1.4.1), and seedling size (as discussed in Section 
5.1.4.2). In addition, differences in performance of container-grown and bare-root stock types are 
discussed. These subsections provide foresters with an appreciation of how various spruce stock 
types respond to site environmental conditions during the establishment phase.  


The establishment phase is also a period when silvicultural practices have reduced the 
vegetation, thereby creating sites free from competition of established plants (Spies 1997). This 
occurs because many of the plants found in the understory of the original forest structure have 
been removed through site preparation or because the original understory has survived the 
disturbance, but the plants have lost their aboveground parts which may resprout and reoccupy the 
site at some later date. Before the site is reoccupied with a new vegetation complex, planted 
spruce seedlings have an opportunity to develop under open site conditions (Fig. 5). As a result, 
spruce seedlings become exposed to a wider range of environmental conditions (Section 5.2), some 
of which may be extreme enough to exceed the ability of spruce seedlings to physiologically 
tolerate environmental stress (defined in Section 3). When this occurs, growth of spruce seedlings 
on the reforestation site is reduced. On the other hand, this phase can also provide the planted 
spruce seedlings with ideal environmental conditions that allow for an optimum physiological 
response and a maximization of their growth potential. An understanding the ecophysiological 
capability of spruce species in combination with the selection of planting spots that provide 
desirable microsite environmental conditions can enable foresters to make the proper silvicultural 
decisions to ensure the planted seedlings respond with rapid plantation establishment.  


PERFORMANCE OF SPRING- AND SUMMER-PLANTED SEEDLINGS  


Spring-and summer-planted spruce stock types have different growth patterns affecting their 
morphological development after planting (Section 5.1.4.1). These stock types also have different 
levels of stress resistance which affect their physiological response to reforestation site 
environmental conditions (Table 5.1.4.1). Stock type differences can influence seedling 
performance during establishment and growth phases on reforestation sites. 


Spruce seedlings, in general, are planted in the spring from late April through early June or in 
the summer from late June through early August. Selection of a planting time in either the spring or 
the summer has a direct bearing on how spruce seedlings initially perform on the reforestation site.  


The selection of planting time affects timing of the entire growing season for spring-planted 
seedlings. After spring planting, spruce seedlings coming out of storage normally require a period of 
10–14 days before budbreak occurs (Section 5.1.4.1). The timing of budbreak is dependent upon 
dormancy status of the seedlings and the thermal input (i.e., warm temperatures) seedlings are 
exposed to on the field site (Section 2.5). In addition, nursery cultural practices, such as a short-day 
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treatment, can also alter the timing of budbreak (Section 5.4.1.2). After budbreak occurs, spruce 
species grow for a period of between 8 and 12 weeks, with rapid shoot growth occurring over a 4-
week period in the middle of this shoot elongation phase (Section 2.6.1.1). The actual cessation of 
this shoot growth period is triggered by a reduced photoperiod length and decreasing site 
temperatures. Thereafter, bud induction and complete development of needle primordia in the 
bud can take up to another 6 –10 weeks (Section 2.6.1.1). Spring-planted spruce seedlings require 
from approximately 16 to 22 weeks to complete the process of shoot development. Timing of 
planting in the spring can determine whether spruce seedlings have a sufficient length of time to 
undergo all normal shoot development processes before late-summer photoperiods and site 
temperatures limit this development.  


For summer planting, spruce seedlings undergo rapid changes in stress resistance and root 
growth capability, rather than shoot development, across the planting window. These changes are 
part of the natural seasonal phenological cycle inherent in spruce species (Section 3.9). Spruce 
seedlings planted early in the summer planting period typically have a high level of performance 
(i.e., high Pn capability and high root growth capacity), although a low stress resistance (i.e., 
drought and freezing tolerance) (Section 5.1.4.1). After budset, these parameters can change quite 
rapidly over the 4–6-week summer planting window (Sections 5.1.1.1 and 5.1.4.1). These changes 
can alter the capability of spruce seedlings to properly respond to site environmental conditions. 


 
Table 5.4.1.3. Stock type morphological characterization of interior spruce seedlings (N = 20: mean ± SE) 
used in spring (FS–1+0) and summer (SP–2+0) planting programs over two growing seasons on a boreal 
reforestation site (Prince George, B.C., 54° N lat.) (Grossnickle and Folk, unreported data).  
 


 Year 1  Year 2  
Stock typea  FS–1+0  SP–2+0  FS–1+0  SP–2+0  


New shoot growth (cm)  10.1 ± 1.4  None  5.2 ± 0.2  14.3 ± 1.1  
Total shoot height (cm)  29.4 ± 0.8  22.8 ± 0.5  34.3 ± 0.3  34.2 ± 0.6  
Diameter (mm)  5.7 ± 0.3  4.2 ± 0.1  8.3 ± 0.3  7.3 ± 0.2  
Height to diameter 
ratio  4.2 ± 0.3  5.6 ± 0.3  4.1 ± 0.1  4.8 ± 0.2  


(cm/mm)      
Number of branches  21 ± 2  10 ± 1  39 ± 4  23 ± 2  
Number of buds  98 ± 7  51 ± 3  164 ± 17  126 ± 12  
Terminal bud needle  124 ± 18  251 ± 24  —  —  
primordia      
Crown width (cm)  15.4 ± 1.3  11.9 ± 0.4  17.8 ± 0.9  15.6 ± 0.9  
Root development into 
the soil (g DW) 0.6 ± 0.1  0.5 ± 0.1  —  —  


Shoot to root ratio 
(g/g)  1.4 ± 0.2  1.6 ± 0.1  —  —  


a FS–1+0, frozen-stored 1+0 seedlings planted in early June; SP–2+0, hot-lifted 2+0 seedlings planted in early July.  


 


In the year seedlings are planted on a reforestation site, spring-and summer-planted seedlings 
have different patterns of morphological development. Spring-planted spruce seedlings have new 
shoot development, while summer-planted seedlings have no new shoot development (Table 
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5.4.1.3). Due to this first-year shoot growth, seedlings planted in the spring can have double the 
number of branches and buds (upwards of 100 buds along their shoots) and a larger crown width 
than summer-planted seedlings. As a result, spring-planted seedlings have a larger overall shoot 
system than summer-planted seedlings at the end of the first growing season. This indicates that 
when both stock types are ready to break bud the following spring, seedlings planted the previous 
spring have approximately twice the number of locations for shoot growth to occur. Both stock 
types have comparable height to diameter ratios, root development, and shoot to root ratios after 
the first growing season, indicating a similar level of overall morphological balance.  


Summer-planted seedlings have budset and the initial stages of needle primordia development 
in the nursery before being shipped to the field. As a result, these seedlings have twice the number 
of needle primordia in their terminal buds at the end of the growing season when compared to 
spring-planted seedlings (Table 5.4.1.3). This indicates that summer-planted seedlings have a 
predetermined shoot growth potential for the next growing season that is twice that of the spring-
planted seedlings. If summer-planted seedlings do not have greater predetermined shoot growth 
potential, this stock type has no strategic advantage over spring-planted seedlings. This was evident 
in a study on black spruce where the first-year growth advantage of spring-planted seedlings was 
never made up by summer-planted seedlings even though relative height growth rates were similar 
over the following growing seasons (Fleming and Wood 1996). It is imperative that nursery cultural 
practices confer an adequate predetermined shoot growth potential in summer-planted seedlings if 
this stock type is going to have good establishment on the reforestation site.  


During the second growing season, spring-and summer-planted seedlings also have different 
patterns of morphological development. Summer-planted seedlings have double the rate of new 
shoot growth as seedlings planted in the spring, which results in both stock types having 
comparable shoot height and crown width after two field seasons (Table 5.4.1.3). Seedlings planted 
in the spring still have a slightly larger diameter and thus have a lower height to diameter ratio. 
Spring-planted seedlings also have a greater number of branches and buds, indicating a greater 
number of locations for shoot growth to occur in the coming spring. Morphological development 
over two growing seasons shows the differences between the spring-and summer-planted stock 
types becoming less noticeable. This indicates that as seedlings grow and become established on 
the reforestation site, the influence of the original stock type characteristics diminishes.  


PERFORMANCE RELATED TO INITIAL SEEDLING SIZE  


Spruce seedlings grown in large-volume container cavities have greater shoot and root sizes, 
which allow the seedling to occupy a greater area within the planting spot (Section 5.1.4.2). These 
larger seedlings also have a greater number of locations for shoot growth (i.e., greater number of 
branches and buds), which increases the potential to occupy a greater area within the planting 
spot. However, a morphologically larger seedling does not have additional physiological 
performance and material stock quality attributes that enhance performance under optimum or 
limiting environmental conditions (Section 5.1.4.2). A benefit of a larger seedling in relation to its 
physiological performance is the potential for greater seedling photosynthetic capacity. This 
ensures faster growth, thus the potential for rapid site occupation and access of site resources 
during the establishment phase. It is this greater size of the root and shoot systems that confers 
any additional benefit to larger seedlings during establishment on the reforestation site. However, 
foresters must recognize that large planting stock can provide both benefits as well as risks to the 
establishment of a forest plantation. 
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Planting larger seedlings can be beneficial to seedling establishment. A number of studies have 
found that planting larger, compared to smaller, conifer seedlings on sites with vegetation 
competition resulted in better growth up to 8 years after planting (Balneaves 1989; Newton et al. 
1993; South et al. 1993; South et al. 1995; Zwolinski et al. 1996). This pattern was also evident in 
field trials with Sitka (South and Mason 1993), white (McMinn 1982b), and black spruces (Jobidon 
et al. 1998). In the study on black spruce (Jobidon et al. 1998), larger stock had a greater exposure 
to the growing season PAR available to shoot systems over a 3-year period, which resulted in 
greater shoot growth (Fig. 5.4.1.4). Spruce species have a rapid increase in Pn as PAR increases to 
approximately 25% full sunlight, with a continued gradual increase in Pn  at further increases in 
light, and this has a direct effect on shoot growth (Section 3.1). Competition for light between 
planted seedlings and competing vegetation is one of the main limiting environmental factors that 
affect the performance of seedlings in the transitional phase of plantation development (Section 
5.5.1). The use of larger seedlings may be a good silvicultural strategy if vegetation competition is a 
major factor limiting plantation establishment.  


Larger container-grown stock size does not confer an advantage over the surrounding 
competition unless the size difference is large enough to dramatically improve field performance. 
Paterson (1997) planted black spruce container-grown stock with a modest range in size (i.e., 23.1–
19.6 cm in height and 2.7– 2.0 mm in diameter) and found that, after 5 years, survival and current 
annual height increment were comparable, although originally larger stock was still bigger. These 
findings indicate that larger container-grown stock needs to be originally large enough to capture 
more of the site resources from the competition in order to justify its use in a reforestation 
program.  


Planting seedlings of larger size can also create risks in establishing a plantation. This may 
occur where limiting environmental conditions can put seedlings with a large shoot to root balance 
under physiological stress. Under dry soil conditions, larger conifer seedlings had greater water 
stress (Rose et al. 1993; Stewart and Bernier 1995) or reduced growth (Baer et al. 1977; Hahn and 
Smith 1983) than smaller seedlings. Under dry conditions, black spruce seedlings with very large 
shoot systems (i.e., six times the foliar mass of small seedlings) had greater water stress and 
reduced Pn compared to seedlings with smaller shoot systems (Lamhamedi et al. 1997). As the 
seedling shoot system reaches a certain size, the increased foliar mass can increase the seedling’s 
susceptibility to water stress. This can be a problem in newly planted seedlings that have restricted 
root development. The susceptibility of larger seedlings to be exposed to water stress at planting is 
mitigated if seedlings have the capability to quickly develop new roots. Large container-grown 
Engelmann spruce seedlings had increased first-year survival compared to smaller seedlings (Hines 
and Long 1986). Hines and Long (1986) found that increased survival in larger seedlings was related 
to greater root growth over the initial 4-week period after planting, which reduced seedling water 
stress (i.e., Section 5.3: Planting stress). In most instances, spruce seedlings show a general trend of 
greater new root growth with a greater original root system size (Section 5.1.2.2), which allows 
larger spruce seedlings to generate enough roots to reduce the shoot to root balance and avoid 
planting stress conditions. However, increased root growth does not always occur in larger 
seedlings having bigger root systems (e.g., Fig. 5.1.2.2b and Table 5.1.4.2), and this variability can 
be related to stock type, nursery cultural practices, and genetic source. In addition, restricted root 
development of newly planted seedlings can be limited by field site edaphic conditions (Section 
3.5). Caution should be used when considering whether to plant large stock on sites that can limit 
initial seedling establishment.  
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Fig. 5.4.1.4. The mean percentage of photosynthetically active radiation (PAR) transmitted at the mid-
height of black spruce seedlings of four initial sizes, and mean absolute growth rate (AGR) for height and 
diameter over the 3-year period on a reforestation site in southern Quebec (adapted from Jobidon et al. 
1998).  


FROST HEAVING 


Frost heaving occurs on regeneration sites that have fine-textured soils with a high amount of 
soil water and exposure to below-freezing air temperatures (Section 1.2.5). When site air 
temperatures are just below freezing, temperatures in the upper soil layer fluctuate around 0°C, 
resulting in the formation of ice lenses. These ice lenses cause seedlings to frost heave. Newly 
planted seedlings are susceptible to the process of frost heaving due to lack of adequate root 
system development needed to anchor the seedlings into the soil (Örlander et al. 1990; Goulet 
1995).  


The primary effects of frost heaving on the physiological performance of newly planted 
seedlings fit into two categories (Goulet 1995). First, frost heaving lifts the seedling root system out 
into the air and exposes roots to desiccation. Second, frost heaving causes the breakage of newly 
developed roots and reduces effective root–soil contact. Frost heaving creates conditions that 
disrupt water flow through the SPAC pathway by reduction of root system size and distribution, and 
disruption of root–soil contact, thereby causing planting stress (i.e., water stress) to be prolonged 
(Section 5.3). Long-term effects of frost heaving include reduced seedling establishment and 
growth on reforestation sites.  
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Field performance of frost-heaved spruce seedlings is restricted because of planting stress. 
Spruce seedlings planted in exposed mineral soils on sites prone to summer frost have reduced 
survival, with frost heaving a primary cause of increased mortality (Nobel and Alexander 1977; 
Shaw et al. 1987). In a number of instances, reduction in shoot development of spruce seedlings 
was directly attributed to frost heaving (MacGillivray and Hartley 1973; Söderstöm 1973; Low 1975; 
Zalasky 1980). The loss of growth in some white spruce plantations was attributed to an annual 
natural pruning of roots through frost heaving, leaving root systems either deformed or partially 
exposed (Sutton 1992). Root deformity in young spruce seedlings due to frost heaving has long-
term implications on plantation performance because it reduces stability, thus increasing potential 
blow-down within the plantation (Shaw et al. 1987; Sutton 1992).  


Frost heaving can be exacerbated or mitigated by silvicultural regeneration practices. On some 
sites, removal of overstory vegetation can create conditions conducive to frost heaving (Graber 
1971). Sutton (1970) found that white spruce seedlings that appeared to be well established, when 
released from weeds, were heaved from the soil through frost action. Also, site preparation 
treatments that removed the organic surface layer from fine-textured soils increased the incidence 
of frost heaving (Fig. 5.4.2). Frost heaving can be controlled by retention of some overstory cover, 
mulching of exposed mineral planting spots, or through site preparation techniques that create 
microsites having an overlying organic layer (e.g., inverted humus mounds). In addition, deep 
planting of large stock is recommended under certain conditions (i.e., where high water tables and 
(or) low soil temperatures do not occur) to ensure adequate root development, keeping seedlings 
firmly anchored into the soil (Örlander et al. 1990; Goulet 1995).  
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Fig. 5.4.2. Frost heaving frequency of container-grown conifer seedlings planted on a sandy-silt moraine 
under various site preparation treatments in northern Sweden (adapted from Örlander et al. 1990). 
Mounds were located on mineral soil (MS) or organic matter (OM).  


SUMMER FROST AND LATE-WINTER DESICCATION  


Summer frosts occur due to radiative heat loss from the ground surface under clear night sky 
weather conditions or to the movement of cold air downslope through the advection process 
(Section 1.2.3). These frosts primarily occur at the beginning and end of the growing season, 
although frost can occur at any time of the year on clearcut reforestation sites within the boreal 
forest. On sites where cover vegetation has been removed, air temperatures near the soil surface 
(at 5–10 cm) can be 2–6°C lower than air temperatures found under a vegetation canopy (Stathers 
1989; Örlander et al. 1990; Groot and Carlson 1996; Groot et al. 1997), causing a greater number of 
frosts to occur during the growing season on a reforestation, compared to forested, site.  


Freezing temperatures during the summer months coincide with the period in which spruce 
seedlings are at their lowest level of freezing tolerance (Section 3.7.4). Any exposure to freezing 
temperatures causes a reduction in physiological performance and morphological development 
(Section 3.3.1). Most of the frost damage in field-planted spruce seedlings seems to be confined to 
the buds, newly flushed needles, and succulent shoots of spruce seedlings (Clements et al. 1972; 
Stiell 1976; Örlander et al. 1990; LePage and Coates 1994), and these are the shoot structures that 
have the lowest level of freezing tolerance during the growing season (Section 3.7.4). 


 The time at which spruce seedlings are exposed to frost during the growing season affects 
subsequent morphological development (Grossnickle, personal observation). Bud development is 
arrested when frost damages the bud during the initial stages of bud activity, prior to budbreak, in 
the spring. Damaged buds look viable, yet do not break bud. When a severe enough frost occurs as 
shoots are emerging, shoot systems can be damaged. Damaged shoots turn brown and fall off the 
seedling, leaving no visible damage to the shoot system. When a lethal frost occurs after the shoot 
system has elongated, the needles turn brown and fall off, leaving the dead stem. After any of 
these frosts, no new shoot growth occurs from the damaged shoot in that growing season.  
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During the growing season that follows a damaging frost, shoot growth of spruce seedlings 
occurs from lateral buds just below the damaged region of the shoot system (Grossnickle, personal 
observation). If the terminal shoot is damaged, a number of the lateral shoots can grow upwards, 
resulting in a forked top. Usually, although not always, one of these new terminal shoots becomes 
dominant after a number of years. Lateral branches can develop a “bushy” structural appearance 
due to the loss of a terminal bud or shoot to a frost. This creates a seedling with a compact shoot 
structure that has many lateral branches within the crown. Frosts that damage shoots have a 
marked effect on subsequent growth patterns of seedlings. This damage is manifested although a 
reduction in shoot growth as well as an alteration of the shoot form. This reduction in subsequent 
shoot development due to a severe summer frost can reduce the capability of spruce seedlings to 
become established on reforestation sites.  


Frosts during the growing season are considered the chief problem in establishing tree 
plantations in northern latitude forests (Sakai and Larcher 1987). In addition, the number of frosts 
tends to increase with decreasing levels of competing vegetation. There is a greater occurrence of 
frosts causing damage to young plantations of spruce seedlings on open sites compared to forested 
sites (Clements et al. 1972; Harding 1986; Christersson and von Fricks 1988; Sutton 1992; Groot and 
Carlson 1996; Tanner et al. 1996). The percentage of white spruce seedlings with moderate or 
severe damage as a result of spring frosts increases dramatically at >20% exposure to the sky (Fig. 
5.4.3a). Geiger (1980) reported that there is a direct relationship between the size of a forest 
clearing (i.e., up to 3 ha in size) and the lowest night temperatures, which increases the chances of 
a frost occurring during the springtime. On a frost-prone site, 71% of interior spruce seedlings had 
frost damage at the end of the first growing season where vegetation cover was <15% (LePage and 
Coates 1994). Further development of interior spruce height growth over a 5-year period was 
reduced due to frost damage, where vegetation cover ranged from 8 to 17%. Alternative 
silvicultural systems that retain a partial forest canopy reduce the frequency of frosts; this is 
discussed later in this treatise (Section 5.6).  


On sites subjected to frequent summer frosts, reductions in cover may be more detrimental 
than beneficial to the initial performance of spruce seedlings. White spruce seedlings under a 
vegetation canopy had higher seasonal Pn  in the  spring and fall than open-grown seedlings, and 
this was attributed to reduced exposure to freezing temperatures for seedlings covered by 
vegetation (Man and Lieffers 1997). Ball (1994) suggests that the optimum regeneration niche on 
open field sites are microsites that protect seedlings from both radiative frosts and intense sunlight, 
as this combination of environmental conditions is known to cause damage to the photosynthetic 
system in spruce seedlings (Section 3.3.1).  


In the long-term, interior spruce height growth was greatest on sites where vegetation was 
<8%, indicating that seedlings can ultimately outgrow the potential for frost damage, given reduced 
competition for site resources (LePage and Coates 1994). Thus, spruce seedlings can reach a shoot 
size that is not influenced by the site microclimate near the soil surface where frosts are prone to 
occur.  


On sites with no vegetation cover, site preparation treatments can sometimes reduce the 
number of frosts that occur during the growing season. Treatments such as burning, scalping, 
trenching, and mounding can decrease the risk of radiation frost damage to conifer seedlings 
(Stathers 1989; Steen et al. 1990; Örlander et al. 1990) (Fig. 5.4.3b). These treatments allow for the 
mixing of warm overlying air and for airflow to occur near the soil surface, thereby increasing air 
temperature by just a few degrees (Stathers 1989). Removal of grass and surface organic layers can 
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also decrease the risk of radiation frosts. In cold, wet areas, mineral mounds that raise the seedling 
out of the cold air layer can be effective in reducing the risk of radiation frosts (Steen et al. 1990). 
Planting seedlings near large stumps or fallen logs may also provide additional heat through the 
reradiation of stored energy during the night (Spittlehouse and Stathers 1990). This microsite effect 
can cause enough of an increase to bring temperatures above the critical freezing mark and prevent 
damage to actively growing seedlings during the growing season.  


There have been reports of extensive damage to spruce seedling plantations during the first 
postplanting winter (Herring and Letchford 1987; Krasowski et al. 1993a, 1995). This damage has 
been attributed to freeze desiccation. When the snowpack melts during the late winter and early 
spring, shoots can be exposed to above-freezing daytime air temperatures, plus increased light and 
VPD during the late winter and early spring (Krasowski et al. 1995). Shoot systems exposed above 
the snowpack undergo water stress that can become lethal if the frozen soils limit water uptake 
required to meet the low transpiration levels of partially open stomata and (or) cuticular 
transpiration occurring as shoots are exposed to late-winter and springtime evaporative demand of 
the air (Section 3.7.5). It is unclear whether this is a persistent problem for seedlings on sites that 
have the potential for low snowpack or whether 3–4 years of deep snowpack are required to allow 
seedlings to grow to a size that reduces the risk of overwinter shoot damage due to winter 
desiccation. 


 


Fig. 5.4.3a. Incidence of medium to heavy summer frost damage to white spruce seedlings versus the sky 
view factor of the opening (adapted from Groot and Carlson 1996).  
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Fig. 5.4.3b. The lowest air temperature at seedling height in different site preparation treatments during a 
nighttime summer frost on a northern latitude reforestation site (adapted from Stathers 1989).  


Freeze desiccation is believed to be exacerbated by the root development patterns of recently 
planted container-grown spruce seedlings (Krasowski et al. 1996). Spruce seedlings grown in 
containers initially have roots that develop primarily out of the bottom rather than the top portion 
of the container plug (Section 2.6.2.2). During the late winter and early spring, the soil in the boreal 
forest is typically frozen to a depth beyond 5 cm, with soil temperatures consistently below 5°C 
until early May (Stathers and Spittlehouse 1990; Krasowski et al. 1995) (Section 1.2.1). Since the 
majority of water-absorbing roots of recently planted container-grown seedlings are in the frozen 
portion of the soil profile (i.e., from 5 to 15 cm in depth), Krasowski et al. (1996) theorized that 
seedlings cannot absorb enough water to meet the transpirational demand placed upon their shoot 
systems. The ability of spruce seedlings to take up water from the soil decreases dramatically as soil 
temperatures decline to freezing, with water uptake through the roots being nonexistent in frozen 
soil (Section 3.5.1), which can result in increased seedling water stress (Section 3.7.5). Krasowski et 
al. (1996) noted that naturally established and older container-grown seedlings did not visibly 
suffer from desiccation injury and had more extensive root systems throughout the soil profile; this 
may have helped these seedlings to avoid late-winter and early-spring desiccation. A lower 
incidence of desiccation injury occurred in seedlings planted on plowed sites or on planting mounds 
(Krasowski 1996), and these microsites may have afforded deeper daytime thawing of the soil 
profile during the late winter and early spring, enabling spruce seedlings to take up sufficient soil 
water to prevent desiccation injury.  


HIGH SOIL SURFACE TEMPERATURES  


High soil surface temperatures can occur on open reforestation sites within the northern 
latitude forest as the result of site and atmospheric factors. First, soil surfaces with high organic 
matter content and dark coloration have a higher capacity for heat build-up (Section 1.2.4). In 
certain instances, soil surface temperatures can exceed 50°C on open reforestation sites 
throughout the northern latitude forest region. Second, clear sunny days and a lack of wind to 
dissipate heat build-up along the soil surface create atmospheric conditions causing an increase in 
air temperature (Section 1.4), which leads to high VPD (Section 1.3.2) at seedling shoot height. An 
increase in soil surface temperatures typically increases the VPD of the air just above the soil 
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surface (Ripley and Redmann 1976). This is why sites that can have high soil surface temperatures 
provide a poor microenvironment for seed germination and seedling establishment (Smith 1951; 
Vaartaja 1954; Hungerford and Babbitt 1987).  


Conifer seedling shoots can be damaged when soil surface temperatures exceed 50°C on 
reforestation sites (Maguire 1955; Helgerson 1990). Seedlings express heat damage through 
formation of lesions or abnormal swelling of the stem near the soil surface (Helgerson 1990). In a 
study of western conifers, Engelmann spruce was determined to have the lowest level of tolerance 
to high temperatures (Seidel 1986). Actively growing spruce seedlings have shoot damage at 
temperatures that exceed 45°C, with the level of damage increasing due to either the length of 
exposure or to exposure to higher temperature conditions (Section 3.3.2). White (MacHattie and 
Horton 1963) and Engelmann (Nobel and Alexander 1977) spruce mortality on reforestation sites 
has been attributed to high temperatures.  


In many instances, high but nonlethal soil surface temperatures during the summer alter the 
diurnal physiological processes of planted spruce seedlings. For example, on clear sunny days with 
no wind along the soil surface, surface temperatures of dark-colored soils reached up to ~40°C, 
resulting in increased midday VPD (Fig. 5.4.4). Engelmann spruce seedlings grown in this dark 
organic matter were exposed to 18% higher needle temperatures (~3–5°C) and 33% greater VPD 
during the early afternoon, when compared to seedlings growing in grey mineral soil. These 
atmospheric conditions caused a reduction in gwv for Engelmann spruce seedlings growing in the 
dark organic matter compared to mineral soil. This reduction in gwv occurred even though all 
seedlings had similar Ψpd (i.e., –0.45 and –0.40 MPa for seedlings growing in the dark organic 
matter and mineral soil, respectively). A reduction of gwv under higher VPD is a typical response for 
spruce seedlings (Section 3.2).  


The application of silvicultural practices to alter the structure or constituency of the soil 
surface, or reduce the amount of incoming solar radiation received at the soil surface, mitigates the 
potential of heat damage to recently planted spruce seedlings (Helgerson 1990). Practices such as 
removing surface litter or organic matter from the base of seedlings reduce heat load to the 
seedling stem. Planting seedlings on the north-facing side of trenches or furrows created through 
mechanical site preparation treatments also reduce heat loads. Shade from natural site features 
such as rocks, stumps, and coarse woody debris can also reduce soil surface temperatures. Shading 
through artificial means (e.g., shade cards) or by leaving an adequate overstory vegetation cover 
can also reduce the risk of seedling exposure to high soil surface temperatures. These same 
silvicultural practices can create microsites having low soil temperatures, which are also known to 
limit spruce seedling performance on northern latitude reforestation sites (Section 3.5.1). Before 
applying these types of silvicultural practices to recently planted spruce seedlings, foresters need to 
identify whether a high soil surface temperature is likely to be a site environmental factor limiting 
spruce seedling performance.  
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Fig. 5.4.4. Diurnal pattern of soil surface temperature, vapor pressure deficit (VPD) measured at seedling 
height, and needle conductance (g


wv
) for Engelmann spruce seedlings on a clear sunny summer day for 


microsites having either a grey mineral soil or dark organic matter soil surface layer (adapted from 
Grossnickle and Reid 1984b).  
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FLOODING  


Flooded soils can occur on northern latitude reforestation sites located in low-lying peatlands 
or bogs, poorly drained alluvial valley bottoms, and floodplains of river valleys. Flooding causes 
forest soils to become anaerobic (Section 1.3.1) and have low thermal diffusivity (Section 1.2.4), 
which keeps soils cold throughout the growing season. These soil conditions lead to reduced 
physiological activity (i.e., gas exchange and nutrient uptake) and growth of spruce seedlings 
(Sections 3.5.2.2 and 3.6.1). If flooded conditions are severe, planted seedlings undergo stress and 
possibly die (Section 3.5.2.2). Silvicultural practices that raise the elevation of the planting spots, 
modify the aboveground microclimate, or increase the drainage of water from the site have led to 
improved seedling establishment on sites prone to flooding.  


Site preparation treatments that raise the planting spots above the water table have been effective 
in improving spruce seedling establishment. Raised planting spots provide sites of increased soil 
aeration for seedlings planted in soils where there is a high water table (Macadam 1988; McMinn 
and Hedin 1990; Sutton 1993; Yole and Kranabetter 1996a) (Fig. 5.4.5a). The raised planting spots 
also increase soil temperatures throughout the growing season (Macadam 1988). These raised 
planting spots provide a location for boreal conifer seedlings to develop roots into the soil 
(Söderstöm 1981; von der Gönna 1989) so they can become established and have enhanced shoot 
growth (Söderstöm 1981; Schaible and Dickson 1990; Hånell 1992). For example, black spruce 
seedlings planted on raised planting spots had greater shoot growth over two growing seasons (Fig. 
5.4.5b). This improved growth was attributed to better aerated soils and warmer rooting zone 
temperatures in the raised planting spots, which allowed for improved nutrient uptake, resulting in 
an increase in both needle N and Ca concentrations (Roy et al. 1999). The long-term growth (i.e., 
over 8 years) of interior spruce seedlings can be improved by up to 40% by using raised planting 
spots on sites with seasonally wet soils (Macadam and Bedford 1998). Raised planting spots also 
provide a microtopographic position that increases the survival of seedlings in flooded soils 
(Macadam and Bedford 1998; Roy et al. 1999), although if the water table drops during the growing 
season, these raised spots can cause seedling water stress and higher mortality (Rothwell et al. 
1993).  


 


Fig. 5.4.5a. Soil water potential (Ψ
soil


) at 10 cm throughout the growing season for different site preparation 
treatments in hygric soils on a boreal reforestation site in north-central British Columbia (adapted from 
Macadam 1988).  
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                                                Hum.        Hol.                Hum.       Hol.  


Fig. 5.4.5b. Height growth and diameter of black spruce seedlings on hummock and hollow planting spots 
over two growing seasons in a wetlands boreal reforestation site (Forêt de Beaurivage, Que., 46° N lat.) 
(adapted from Roy et al. 1999). Average depths of the aerobic layers were 26.2 and 15.1 cm on hummocks 
and hollows, respectively, over the two growing seasons. 


Site preparation treatments that remove vegetation and slash from the soil surface (i.e., 
windrowing or broadcast burning) can increase the radiation reaching the soil surface, thereby 
increasing evaporation from the soil surface and causing a moderate reduction of soil water in 
saturated soils (Yole and Kranabetter 1996a). Aerated soils also have a higher thermal diffusivity 
that allows greater heat penetration downward into a moist, compared to saturated, soil profile 
(Section 1.2.4). Opening up low-lying reforestation sites can also increase air temperatures at the 
soil surface and improve the soil temperatures within the effective rooting zone of recently planted 
seedlings.  


Site preparation treatments that remove water from poorly drained reforestation sites also 
improve the growth of planted spruce seedlings. In this silvicultural practice, ditches are cut (i.e., 
0.5–1.0 m in depth) across the contours of a site to increase drainage, thereby lowering the water 
table and increasing soil temperatures (Lieffers and Rothwell 1987) and nutrient availability 
(Lieffers and MacDonald 1990; MacDonald and Lieffers 1990) in the upper portions of the soil 
profile. Drainage of reforestation sites can improve height (Lieffers and Rothwell 1986; Wells and 
Warren 1997), diameter (Seppälä 1969), and root growth (Adams et al. 1972; Lieffers and Rothwell 
1986) of recently planted spruce seedlings. The frequency of ditching across poorly drained sites 
can also influence seedling performance, with the shoot growth of black spruce seedlings declining 
as the spacing of the ditches across the site increases from 3 to 15 m (Wells and Warren 1997). 
Also, distance of the planting spots from the drainage ditch can affect seedling performance; black 
seedlings had improved shoot growth when planted 5 m from the ditch, while seedling 
performance was not improved when planted at further distances from the ditch (Roy et al. 1999). 
The frequency of ditching and the location of planting spots from the drainage ditch must be 
properly determined to ensure that adequate drainage from the upper portion of the soil profile 
provides microsites that can improve seedling growth.  


The improved aeration that occurs within the soil profile in the years after ditching can create 
conditions favorable for microbial activity, which can cause a subsequent release of nutrients 
(Sivola et al. 1985). This phenomenon has resulted in an increase in foliar N, P, and K concentrations 
of black spruce needles over a number of years after site drainage (Mugasha et al. 1993). The level 
of N mineralization after ditching is dependent upon the inherent fertility of the organic substrate 
(Wells and Williams 1996). Sites with low fertility may require nutrient amendments with fertilizers 
(e.g., P: Dickson 1971), further soil aeration through tilling (Wells and Williams 1996), or the 
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combination of both practices (Wells and Warren 1997) to provide an adequate mineralization of N 
for growth of peatland spruce plantations. Fertilization of black spruce with N, P, and K on drained 
sites resulted in increased needle concentrations of these nutrients, and elevated N concentrations 
resulted in a concomitant increase in needle mass (Mugasha et al. 1993, 1999). This indicates that 
seedlings planted on drained low fertility sites would respond to fertilization. If ditching is going to 
be used as a site preparation practice, fertility of the organic substrate needs to be determined to 
ensure that the silvicultural prescription for low fertility sites also includes fertilizer amendments. 


Soil water conditions created through ditching can change considerably after as little as 2–3 
years due to peatland subsidence (Rothwell et al. 1996; Prévost et al. 1997). This collapse of surface 
peat soils through physical settling and (or) increased organic matter decomposition has the 
potential to change the hydrologic, thermal, and aeration properties of the soils that spruce 
seedlings are planted into on low-lying reforestation sites. Roy and associates (1999) found that, 2 
years after ditching, this phenomenon caused a comparable depth of the aerobic layer in the soil 
surface horizons between planting spots located from 5 to 60 m from the drainage ditch. Soil 
surface subsidence may create a situation where ditching only provides a short-term improvement 
in aeration in the upper portions of the soil profile of northern latitude reforestation sites prone to 
flooding.  
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9 WINTER INJURY AND TEMPORARY SATURATION OF THE ROOTING ZONE 


Winter injury and temporary saturation of the rooting zone are two often overlooked factors which may 
impact successful establishment of crop trees, particularly white spruce. This section discusses how to 
identify the presence of these factors and what actions may be taken to ameliorate their impact. 
Additional information is provided in Section 8.  


9.1 WINTER INJURY AND ITS EFFECTS 


Foliage and, in extreme cases, buds of spruce seedlings are subject to severe desiccation by winter 
winds if they are exposed to these winds after seedling root activity ceases. Figure 9.1 illustrates slight 
winter desiccation damage to a white spruce seedling. 


Damage can also occur when warm winter days result in reduced cold-hardiness of needles, shoots, and 
buds. Winter injury is the term used more widely to describe damage to seedlings resulting from 
desiccation and/or winter damage from reduced cold tolerance (see Grossnickle 2000 pages 159-172). 


Figure 9.1. Slight Winter Desiccation damage near tip of seedling. 
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The needles, buds and shoots of the current year are most susceptible to winter injury, making planted 
seedlings particularly vulnerable during the first winter after planting. Note that winter injury is not 
simply a foliar phenomenon, as buds and stems can also be damaged. If buds are desiccated, seedling 
growth will be reduced and form may be affected, especially if terminal buds are lost resulting in 
multiple tops when upper branch buds compete for dominance. Finally, seedling survival may be 
jeopardized in extreme cases winter desiccation of sufficient severity or if desiccation occurs in two or 
more consecutive years. If stems are affected, seedlings can take several years to recover from winter 
desiccation damage (Kabzems and Haeussler 2005). 


Figures 9.2 and 9.3 illustrate moderate and severe winter desiccation damage to white spruce seedlings. 


 


Figure 9.2. Moderate winter desiccation damage (note extensive discoloration of foliage). 
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Figure 9.3. Severe winter desiccation damage (note loss of foliage and buds and dehydration of stem 
tissue). 


9.1.1 CAUSES OF WINTER INJURY 


Winter desiccation risk is driven by seedling condition, precipitation (both growing season rain and 
winter snow), wind conditions, micro-topography and meso-topography. It is caused by loss of moisture 
from foliage, buds, and, in severe cases, stems when roots are dormant (frozen) and therefore unable to 
replace moisture loss (Colombo et al. 2003, Kraskowski et al. 1993). 


Dehardening of foliage, buds and twigs can occur when above-freezing daytime temperatures occur 
during the winter. See Grossnickle 2000 pages 162-163, Perkins et al. 1993, Strimbeck et al 1993, 
Strimbeck et al. 1995, Strimbeck and DeHayes 2000. 


Kabzems and Haeussler (2005) found winter desiccation damage to white spruce seedlings for the first 
two to three years after planting. This is consistent with outcomes of operational practice in Alberta’s 
boreal forest. 


Formaniuk (2007 pers. Comm.) and McDonald (2004 pers. Comm.) suggest that white spruce seedlings 
are more susceptible to winter desiccation prior to root egress from the planting plug. They suggest 
emergence from the planting plug coincides with the spruce seedling becoming more driven by the 
environment of the planting site. It might also be related to a reduction in nutrient loading of the 


Note likely shelter 
line provided by 
logging debris. 
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seedling. Colombo et al. (2003) found black spruce resistance to winter desiccation was highest in 
seedlings subjected to a hardiness regime based on natural decline in day-length, cool temperatures and 
no fertilization (as compared to regimes with reduced day length with or without warm temperatures 
and fertilization.) This regime also produced the least seedling growth the following growing season. 


Krasowski (1996) suggests that naturally regenerated seedlings suffer less winter injury due to a greater 
abundance of roots near the soil surface, where water is available, compared to the root systems of 
containerized seedlings which are located at some depth into frozen soil. This has also lead to the 
suggestion to use seedlings with short plugs, and the use of air-pruned root systems developing with use 
of jiffy pellet systems and other nursery practices. 


Seedling susceptibility to dehydration is directly linked to seedling moisture status – when seedlings 
enter the winter under moisture stress they are more susceptible to dehydration than when they are 
fully hydrated (Kraskowski et al. 1993). Wind plays an important role as dry winter winds increase 
moisture loss driving the dehydration process along with moisture status (Kraskowski et al ibid). Sites 
which are exposed to wind will also experience snow drifting and loss of snow from exposed areas. 
Blowing snow will also result in abrasion of wax on needles, contributing to the level of injury. Solar 
radiation, especially bright sunlight reflected from surrounding snow, also contributes to desiccation and 
dehardening. 


Snow depth may be the single most important factor in determining the risk of winter desiccation. If 
seedlings are below snow they are not exposed to, winds (and solar radiation reflected off snow) that 
drive moisture loss and hence cause desiccation (Kraskowski et al ibid) or to warm air temperatures 
which will lead to dehardening. Warm winds can also contribute to desiccation by reducing snowpack 
and thus exposing seedlings to dehydration prone conditions and warming. If a seedling is not protected 
beneath snow, micro-topographic relief can provide some protection from winter desiccation if 
seedlings are planted on the leeward and north side of small lifts in topography, stumps, coarse woody 
debris  , or other forms of shelter. However, care should be taken when using micro-topographic relief 
to ameliorate potential winter desiccation that susceptibility to frost damage is not increased. 


The presence of deciduous stems and other woody vegetation that is taller than the spruce seedlings 
results in substantial reductions in winter injury. Even when 1 m tall aspen are located 2 m away from 
planted spruce (in spot treatments) the occurrence of winter injury is reduced. Spruce growing in areas 
with reasonable amounts of aspen regeneration (10,000 stems/ha or more) generally suffer little winter 
injury. Relationships between aspen density and winter injury are not yet known. 


Meso-topography can contribute significantly to risk of winter desiccation through locating openings 
that create wind funnels. Figure 9.4 illustrates how cutblock location could result in creation of wind 
funnel whereby dominant seasonal winds (over winter) and chinook winds could be funneled across the 
opening by two small streams and their channels located upwind of the potential block location.   
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Figure 9.4. Example of potential topographic wind funnel. 


 


9.1.2 IDENTIFYING INJURY RISK PRIOR TO HARVEST 


Figure 9.4 shows how topography, drainage, and cutblock design can contribute to risk of winter 
desiccation. In addition, general climatic trends, (e.g. prolonged drought, low winter snowfalls, and local 
wind patterns) can combine to increase risk of winter desiccation. When a cutblock or series of 
cutblocks are identified as having a heightened risk of winter desiccation, adjustments to the 
reforestation plan to reduce this risk might be in order. 


Particular risk factors to look for in identifying risk of winter injury are upper and mid-slope positions 
with a southerly aspect. These slope positions are prone to more and higher speed winds. Winter thaw 
or near thaw conditions are more frequent and more intense on south-facing slopes. Thus, both 
temperature and wind conditions contribute to increased likelihood of winter injury in these positions. 
As shown in Figure 9.4, this can be exacerbated by the presence of topographic features which act to 
channel wind toward the slope at risk (i.e. wind funnels). Wind funnels are most often ridgelines or 
stream channels that influence wind direction and intensity. Conversely, mid-slope and lower positions, 
and/or north aspects, have very low risk due to good snow retention and low winter heat loading 
(limited direct sunlight). 
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9.1.3 REDUCING RISK OF WINTER INJURY 


If a pre-harvest assessment identifies substantial risk of winter injury due to meso-topographic 
conditions creating a wind funnel or due to site position and exposure, changes to site adjustment, 
planting regime, or management objective may be considered as a means of reducing risk: 


1. Setting a mixedwood composition objective (particularly an intimate aggregation) will result in 
aspen stems acting to trap snow, reduce direct sunlight, moderate temperature fluctuations, 
and move the boundary layer of wind activity upward away from the white spruce seedlings. 
Since damage appears to decline with age, in blocks designated as conifer blocks, delaying aspen 
removal until age 4 or 5 may be another effective strategy. 


2. Planting smaller seedlings will reduce the likelihood of their emergence from the snow pack. 
Further, planting summer seedlings results in smaller seedlings since there is little if any height 
growth after planting. Summer planting may also provide foliage which has stronger dormancy 
and cold resistance. It also emphasizes root growth, and hence rapid emergence from the 
planting plug, shortening the time until seedlings are at reduced risk. 


3. Linear mixing site adjustment treatments (i.e. ripping, power disk trenching) deployed 
perpendicular to direction of most frequent winter winds – if practical – can provide possible 
upwind shelter if seedlings are planted on the leeward side of spoil banks raised by treatment 
(or planting on the north side of raised microsites to ensure seedlings are in the shade through 
the winter). 


4. Retaining slash cover to increase snow retention and planting on the north side of stumps, slash 
and other obstacles 


Figure 9.5 shows generalized wind velocity and direction for Alberta during the critical months for winter 
desiccation. Snow depths and drought condition can be assessed locally or determined on a regional 
scale using Environment Canada’s climate data systems 
(http://climate.weather.gc.ca/historical_data/search_historic_data_e.html ). The likelihood of chinook 
winds occurring and their possible frequency or intensity is best assessed locally based on recent winter 
climatic history.   



http://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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Figure 9.5. Generalized wind speed and direction Dec –Feb and Mar – May for Alberta (Source – Agro-
climatic atlas of Alberta, Alberta Agriculture, Food and Rural Development, 2006). 


 


A summary of key factors discussed above to assess risk of winter desiccation and to reduce the 
risk of winter desiccation is provided in Figures 9.6 and 9.7. 
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Figure 9.6. Summary of factors for assessing the risk of winter desiccation. 


 


 


Figure 9.7. Summary of factors for reducing the risk of winter desiccation. 
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9.2 TEMPORARY SATURATION AND ITS EFFECT ON SEEDLING SURVIVAL 


Temporary saturation (colloquially referred to as flooding) is a frequent occurrence on boreal forest 
sites. Lees (1963) found white spruce seedlings exposed to flooding or saturated soil for more than 14 
days during the growing season drowned. Unlike on “truly” wet sites, temporary saturation can occur on 
mesic or even somewhat dry sites. In fact, the importance of temporary rooting zone saturation arises 
from its occurrence on “dryer” sites; rooting zone saturation can cause spruce seedling mortality 
resulting in stocking voids on sites diagnosed as having slight or no limitations to establishment due to 
excessive moisture. Within an opening, stocking voids caused by temporary rooting zone saturation can 
be of sufficient extent and distribution to jeopardize composition and/or mixture objectives. 


Temporary rooting zone saturation results in white spruce temporarily encountering the same 
limitations to survival and establishment they would encounter on a much wetter site. That is, water in 
the soil prevents roots from respiring; this lack of respiration results in seedling death. Unlike “wet” 
sites, temporarily saturated areas are easily overlooked during the site assessment process due to their 
commonly small size and their temporary nature. In fact, temporarily saturated areas are often 
misdiagnosed as competition induced mortality at the establishment, composition and performance 
phases. 


9.2.1 CAUSES OF TEMPORARY SATURATION 


Rooting zone saturation risk is driven by site drainage characteristics, particularly: 


1. Impediments to drainage. Shallow impeding layers or hardpans slow drainage, resulting in 
accumulation of moisture in the upper soil profile and hence saturation. 


2. Changes in micro-topography. Much of the Boreal biome is characterized by water tables less 
than 50 cm below the soil surface. Given the shallow rooted nature of many boreal plant 
species, a 50 cm rooting zone is sufficient for both establishment and growth. However, even 
slight drops in micro-topography may suffice to bring roots in contact with saturated soil. 


3. Seasonal impediments to drainage. Soils thaw from the surface down resulting in conditions 
where the rooting zone may be thawed but frozen soil below prevents downward percolation of 
soil water, causing saturation. 


4. Changes in soil structure. Inappropriate site adjustment or other activities exposing heavy 
mineral soils can result in loss of soil structure and reduced water percolation. Both mechanical 
damage and direct exposure to rain can impact soil structure. 


In summary, temporary rooting zone saturation can be caused by slowed percolation of soil water or a 
thinning of the root zone, either of which bring white spruce roots into somewhat sustained contact 
with saturated soil. Therefore, to diagnose the risk of soil saturation, the silviculturist must be attuned 
to subtle changes in soil drainage. These include: Slight changes in micro-topography – frequently seen 
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as small “bowls” or puddles in the forest floor after a summer rain event. Often encountered as slight 
depressions when walking linear disturbances such as seismic exploration lines or pipelines. 


1. Intermittent presence of soil saturation as indicated by plant species. For example, small, dense 
patches of reedgrass, alder, cow parsnip, and similar “wet site” species on an otherwise mesic 
site. 


2. Indirect indicators such as presence of small stocking voids or grass patches in the forest canopy 
of otherwise mesic forest stands. 


Figure 9.7 offers guidance in diagnosing the presence of temporary saturation risk in a pre- harvest (T2) 
assessment. 


9.2.2 MANAGING TEMPORARY SATURATION 


If a pre-harvest assessment identifies potential locations of temporary rooting zone saturation, changes 
to site adjustment or management objective may be considered as a means of reducing risk. 
Practitioners are cautioned that prior to adjusting prescriptions it is advisable to get some 
understanding of the scale (size and number) of potential temporary saturation areas in the planned 
harvest opening: 


• Compositional. Setting a mixedwood composition objective (particularly an intimate 
aggregation) may result in aspen acting to provide more rapid transpiration activity on site 
preventing or reducing the intensity or duration of saturation events. 


• Site Adjustment. Using raised or raised-mixed site adjustment treatments will result in white 
spruce roots being above the saturated zone. Care should be taken to ensure that only areas 
likely to be subject to saturation will be treated with raised microsite site adjustment as treating 
mesic areas will almost assuredly subject seedlings to drought stress. 


• Conifer Species Selection. Using “mixed bag” planting prescriptions and instructing planters to 
plant black spruce seedlings in depressional areas may assist in overcoming temporary 
saturation. 


• Avoidance. Teach harvesting operators to identify depressions likely subject to saturation and 
locate structural retention patches around these depressions. 
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Figure 9.8. Diagnosing Risk of Temporary Saturation. 
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Instructions

				Deciduous Propagule Potential Tool Fact Sheet

				Purpose / Objective:

				The purpose of the Deciduous Propagule Potential Tool is to provide a relative assessment of aspen suckering potential. The tool integrates the discussion found in the Guide.

				Background / Function:

				As a crop species and as both a facilitator and competitor with white spruce, aspen merits careful attention; its performance potential is important in setting the stand management objective as well as in identifying appropriate vegetation management strategies. This tool integrates nine factors that influence aspen suckering potential. The tool is composed of two parts. Part one provides a relative ranking of thrift based on the following:

				·         Site moisture regime – sites drier than mesic and wetter than sub-hygric limit aspen growth.

				·         Site nutrient regime – aspen grows best on medium to slightly rich nutrient regimes. Aspen growth is more constrained by poor nutrient regimes than it is by rich nutrient regimes.

				·         Multi-generational diseases (e.g. Armillaria ostoyea) that infest aspen suckers from parent root systems.

				·         High elevation (in Alberta, elevations above 1225 m) can be limiting to aspen growth (However, aspen can do well at higher elevations on south facing slopes if on well-drained soils).



				Part two provides a relative suckering potential. Suckering potential is scored from 1 to 5 based on expected post-harvest sucker density and distribution. Scores are defined as follows:

				1. Excellent – Dense, evenly distributed regeneration. Likely 75000 stems per ha or more at two years post harvest.

				2. Good – Abundant regeneration with similar density to Excellent(1) but with some small gaps due to lower thrift and/or hazards.

				3. Fair – Abundant regeneration with clumped distribution or gaps.

				4. Poor – Regeneration not abundant, or abundant only in clumps, with many gaps.

				5. Unlikely – Little if any regeneration.



				Scores are derived from user input based on the following criteria:

				·         Thrift / Vigour – the age and general thrift of the aspen. Aspen thrift can be assessed using a categorical assessment scale (e.g., part 1 of the Deciduous Propagule Potential Tool) or the user’s assessment

				·         Presence – is aspen present on the site?

				·         Density – is aspen density adequate? 

				·         Distribution – is aspen distributed evenly? 

				·         Hazards – are hazards to aspen roots associated with harvest and reforestation activities present?



				How to Use and Interpret the Tool:

				Preparing to use the Site Adjustment and Propagule Deployment Tool

				1. Review relevent sections of the Guide.

				2. Obtain required data from PHA or site visit.

				Steps:

				The following steps describe how to use the tool.

				Step 1: select the appropriate variables from the pick lists provided to determine Thrift. This step may be skipped.

				Step 2: answer questions A to E from the pick lists provided to determine Deciduous Propagule Potential. 



				Interpretation

				Output of the Deciduous Propagule Potential Tool is defined by user input. The tool is designed to be generally applicable to the entire Silviculture Guide coverage area. Therefore, interpretation should include the user’s experience and local knowledge.





Thrift 1



				Deciduous propagule potential tool

				The first part of the tool helps the user to assign thrift to aspen. Can also be used for Balsam poplar. 

				The second part asks some questions and based on the answers assigns a Decid. Prop. Pot.



				Categorical Rating of Aspen Suckering Potential (Thrift and or Vigor)

								Use the pick lists and select the apropriate input.

				Aspen Condition		No visible defects, stem clear of lichen

				Site Moisture Regime		Mesic														calculations

				Site Nutrient Regime		Medium - Rich

				Site Aspect		All others

				Site Elevation		≤1225-m

				Presence of Diseases		Single generation diseases present

														score

								Output						1		3		Defects common, numerous bracket fungi/conks, some lichen on bark, some mature aspen standing dead

								Aspen Suckering Potential Rating								2		Minor defects, few bracket fungi, stem clear of lichen

								Moderate						0		1		No visible defects, stem clear of lichen

																6		Stand decripit, lichen on most stems, many standing dead stems, some dead stems breaking up

														1		5		Stand moribund, lichen on many stems, standing dead - mature aspen evident



														1		1		Drier than mesic

																0		Mesic

														0		1		Sub-hygric

																2		Wetter than sub-hyric

														1

																0		Medium

														sum		1		Medium - Rich

														4		2		Rich - Very Rich

																2		Very Poor - Poor



																1		All others

																2		Northerly

																0		South or South-west

																1		>1225-m

																0		≤1225-m

																2		Multi-generational diseases present, e.g. Armillaria spp.

																0		No evidence of disease

																1		Single generation diseases present

















































































Potential 2

		Deciduous Propagule Potential



				Answer  the following

		A) Presence				Q: Is species present on the site?

						Aspen		Balsam poplar

						NO		Yes

		B) Thrift				Q: Are the trees thrifty.  

						Assess thrift using the tool above (See section 3.3.4 for description) or assign based on PHA.

						Good		Good

		C) Distribution				Q: Does the polygon (or stratum) have an even distribution

						 of mature stems or a minimum of 3 clumps per ha.

						Yes		Yes

		D) Density				Q: Does the polygon (or stratum) have a minimum of 35 stems per ha within clumps.



						Yes		Yes

		E) Potential hazards (see section 3.3.5.2) that may impact regeneration. 

						Q: What impact (severe, moderate, little) do you expect hazards will have 

						on the deciduous propagule potential.

						Moderate		Moderate



								Calculated Deciduous Propagule potential:

						5		Unlikely		Aspen



								Calculated Deciduous Propagule potential:

						2		Good		Balsam poplar



								Best calculated Deciduous propagule potential is:

						2		Balsam poplar



						Expected post-harvest deciduous regeneration

				1		Excellent		Dense, evenly distributed regeneration.  

								Likely 75000 stems per ha. or more at two years post harvest.

				2		Good		Abundant regeneration with similar density to Excellent(1) but 

								with some small gaps due to lower thrift and/or hazards.

				3		Fair		Abundant regeneration with clumped distribution or gaps.

				4		Poor		Regeneration not abundant, or abundant only in clumps, with many gaps.

				5		Unlikely		Little if any regeneration.

































































														Expected post-harvest deciduous regeneration

										1		Excellent		Dense, evenly distributed regeneration.  Likely 75000 stems per ha. or more at two years post harvest.

										2		Good		Abundant regeneration with similar density to Excellent(1) but with some small gaps due to lower thrift and/or hazards.

										3		Fair		Abundant regeneration with clumped distribution or gaps.

										4		Poor		Regeneration not abundant, or abundant only in clumps, with many gaps.

										5		Unlikely		Little if any regeneration.

																										The score is used to assign rank. No ecological meaning!!

												Present		Thrift		Distribution		Density		Hazards		RANK		calc rank		score

												Yes		Good		Yes		Yes		little		1		1		45				15		10		10		10

												Yes		Moderate		Yes		Yes		little		2		2		40				10		10		10		10

												Yes		Low		Yes		Yes		little		3		3		30				0		10		10		10

												Yes		Good		Yes		Yes		Moderate		3		2		40				15		10		10		5

												Yes		Good		Yes		Yes		Severe		4		4		25				15		10		10		-10

												Yes		Moderate		Yes		Yes		Moderate		3		3		35				10		10		10		5

												Yes		Moderate		Yes		Yes		Severe		4		4		20				10		10		10		-10

												Yes		Low		Yes		Yes		Moderate		4		4		25				0		10		10		5

												Yes		Low		Yes		Yes		Severe		4		4		10				0		10		10		-10

												Yes		Good		No		Yes		little		3		3		35				15		0		10		10

												Yes		Moderate		No		Yes		little		3		3		30				10		0		10		10

												Yes		Low		No		Yes		little		4		4		20				0		0		10		10

												Yes		Good		No		Yes		Moderate		3		3		30				15		0		10		5

												Yes		Good		No		Yes		Severe		4		4		15				15		0		10		-10

												Yes		Moderate		No		Yes		Moderate		4		4		25				10		0		10		5

												Yes		Moderate		No		Yes		Severe		4		4		10				10		0		10		-10

												Yes		Low		No		Yes		Moderate		4		4		15				0		0		10		5

												Yes		Low		No		Yes		Severe		4		4		0				0		0		10		-10

												Yes		Good		Yes		No		little		4		4		25				15		10		-10		10

												Yes		Moderate		Yes		No		little		4		4		20				10		10		-10		10

												Yes		Low		Yes		No		little		4		4		10				0		10		-10		10

												Yes		Good		Yes		No		Moderate		4		4		20				15		10		-10		5

												Yes		Good		Yes		No		Severe		4		4		5				15		10		-10		-10

												Yes		Moderate		Yes		No		Moderate		4		4		15				10		10		-10		5

												Yes		Moderate		Yes		No		Severe		4		4		0				10		10		-10		-10

												Yes		Low		Yes		No		Moderate		4		4		5				0		10		-10		5

												Yes		Low		Yes		No		Severe		5		5		-10				0		10		-10		-10

												Yes		Good		No		No		little		4		4		15				15		0		-10		10

												Yes		Moderate		No		No		little		4		4		10				10		0		-10		10

												Yes		Low		No		No		little		4		4		0				0		0		-10		10

												Yes		Good		No		No		Moderate		4		4		10				15		0		-10		5

												Yes		Good		No		No		Severe		5		5		-5				15		0		-10		-10

												Yes		Moderate		No		No		Moderate		4		4		5				10		0		-10		5

												Yes		Moderate		No		No		Severe		5		5		-10				10		0		-10		-10

												Yes		Low		No		No		Moderate		5		5		-5				0		0		-10		5

												Yes		Low		No		No		Severe		5		5		-20				0		0		-10		-10

												NO										5

												Qa		Qb		Qc		Qd		Qe				Rank		Score				b score		c score		d score		e score

										Aspen		NO		Good		Yes		Yes		Moderate				5		40				15		10		10		5

										Balsam poplar		Yes		Good		Yes		Yes		Moderate				2		40				15		10		10		5

												Risk calculation				This is hidden and used for risk caslculation in the T2 process only

												risk/chance of the deciduous propagule potential being less than expected. (L,M,H)

												this will be fed to the risk assessment page.

												I am making the asumption that the desity and distribution are accurate AND THAT THE HAZARDS WILL AFFECT THEM.

												thrift		hazards		Risk

												Low		little		M

												Low		Moderate		M

												Low		Severe		H

												Moderate		little		L

												Moderate		Moderate		M

												Moderate		Severe		H

												Good		little		L

												Good		Moderate		L

												Good		Severe		H

												Good		Moderate		THIS IS TAKEN FROM THE BEST RANKED SPECIES (1 OR 2 ABOVE).



														SEVERITY RANKING

														L










Instructions

				Light Threshold Tool Fact Sheet

				Purpose / Objective:

				To provide an integrated objective system for assessing competition from aspen both at the  Composition Phase (Years 5-7) and the Performance Phase (Years 8-15) of community development.  

				Background / Function:

				The Light Threshold Tool integrates aspen diameter and density to estimate light availability within and under the developing aspen canopy. The tool simply compiles and translates aspen diameters into quadratic mean diameter, and aspen numbers into density (quadratic mean diameter is a calculated value that represents the diameter of the tree with mean basal area).  It then places the stand on a chart of light availability to white spruce with some measure of statistical reliability.  The chart also shows some nominal boundaries of white spruce behavior at higher and lower levels of aspen competition.  The practitioner is cautioned that these values do not represent actual growth; instead they represent site growth potential in the absence of other constraints.

				The tool and its interpretation are described in detail in the Guide.

				How to Use the Tool:

				Steps For Field Data Collection

				This tool allows flexibility in plot size; however, a plot radius at least equal to the height of a modal spruce seedling is suggested as a minimum.  For example if white spruce saplings are approximately 1-m tall, a mil-ha plot (1.78-m radius) can be used; conversely if white spruce saplings are approximately 2.5-m tall, a 50-m2 (3.99 m radius) plot is suggested.

				To employ this tool, plots should be located as recommended in the Guide.  Plot centers fall where the sampling design places them as the tool focuses strictly on aspen – it does not rely on presence of a white spruce seedling to calculate the competition value.  Data collected in the sample plot are:

				1.      Tally all aspen (and balsam poplar) saplings in the plot by diameter in 1-cm diameter classes.  Measure diameter at 30 cm above ground (D30.)

				2.      Record the diameter tally in the Light Threshold Tool Calculator.

				Note – recent work in northeastern British Columbia suggests that quantifying absolute light values with this tool requires local calibration of the tool (Comeau et al. 2006). This has not yet occurred for Alberta conditions. Therefore, results obtained with this tool should be used as relative predictors (i.e. compared with each other), not as absolute predictors of light values.



				Steps For Entering the data.

				1.      Enter the plot size used and the number of plots in the yellow cells

				2.      Enter aspen tally data into appropriate diameter classes in the orange cells.

				3.     Interpret white spruce - aspen competitive interaction from chart as indicated by the raised green triangle (scroll down if chart does not appear).

				4.   Save the file or print the record.  Repeat steps 1-3.

				5.  Repeate steps 1-3.

				When interpreting the results, be sure to observe the 95% upper confidence limit for aspen density. Interpretation and use of the tool are described in detail in the Guide.





QMD X Density Calculator

				Light Threshold Tool



				Selected Criteria

				Range		Class		# of		Total 		Plot Size		Number of 

				(cm)		(nearest cm)		Stems		Density (#/ha)		(m2)		Plots										Basal area by diameter class

				1.5 - 2.5		2						50		5										0.000000000000000000000

				2.5 - 3.5		3																		0

				3.5 - 4.5		4						95% Upper confidence limit - Density												0

				4.5 - 5.5		5																		0

				5.5 - 6.5		6																		0

				6.5 - 7.5		7				Quadratic Mean Diameter Calculator														0

				7.5 - 8.5		8						Aspen Total Density (Stems/ha)												0

				8.5 - 9.5		9						Quadratic Mean Diameter												0

				9.5 - 10.5		10																		0

				10.5 - 11.5		11																		0

				11.5 - 12.5		12																		0

				12.5 - 13.5		13																		0

				13.5 - 14.5		14																		0

																								Total basal area

				Instructions																				0.000000000000000000000

				Step 1.  Establish measurement  plots in the stand to be evaluated.

				Step 2.  Measure the diameter at 30 cm height of all aspen in each plot.																				Average basal area

				Step 3.  Maintain a count of all aspen in each plot.																				ERROR:#DIV/0!

				Step 4. Determine Aspen Total Density by using the calculator - include all plots.																				ERROR:#DIV/0!

				Step 5.  Calculate QMD. The calculator will automatically calculate QMD, after you select plot size and number.

				Step 6.  Interpret white spruce - aspen competitive interaction from chart as indicated by the raised green triangle.																				Average radius

																								ERROR:#DIV/0!





















																								Chart information

																								ERROR:#VALUE!

																								ERROR:#VALUE!





















				Aspen Stand Density (1000's/ha)

				Aspen		66% Max 		High Risk of 

				QMD (cm)		Diameter Growth		Mortality

				X		Y1		Y2		Y3

				2.5		11		23		ERROR:#VALUE!

				3		8		22		ERROR:#VALUE!

				3.5		6		21		ERROR:#VALUE!

				4		4		20		ERROR:#VALUE!

				4.5		3		18		ERROR:#VALUE!

				5		2.5		16		ERROR:#VALUE!

				5.5		2		14		ERROR:#VALUE!

				6		1.75		12		ERROR:#VALUE!

				6.5		1.5		10		ERROR:#VALUE!

				7		1.35		8		ERROR:#VALUE!

				7.5		1.2		7		ERROR:#VALUE!

				8		1		6		ERROR:#VALUE!

				8.5		0.85		5		ERROR:#VALUE!

				9		0.75		4.5		ERROR:#VALUE!

				9.5		0.7		4		ERROR:#VALUE!

				10		0.6		3.75		ERROR:#VALUE!

				10.5		0.6		3.5		ERROR:#VALUE!

				11		0.55		3.25		ERROR:#VALUE!

				11.5		0.5		3		ERROR:#VALUE!

				12		0.5		2.5		ERROR:#VALUE!

				12.5		0.5		2.25		ERROR:#VALUE!

				13		0.5		2		ERROR:#VALUE!

				13.5		0.5		2		ERROR:#VALUE!

				14		0.5		2		ERROR:#VALUE!

				14.5		0.5		2		ERROR:#VALUE!

				15		0.5		1.5		ERROR:#VALUE!



		1																																																		gdc

																																																				11/15/07



Light Threshold Tool

(Derived from Comeau, 2003; McClarnon and Heineman, 2004.)
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Instructions

				Lorimer’s Competition Index Tool Fact Sheet

				Purpose / Objective:

				To provide an integrated objective system for assessing competition from woody vegetation at both the Composition Phase (Years 5-7) and the Performance Phase (Years 8-15) of community development.  

				Background / Function:

				Lorimer’s Competition Index provides a distance independent assessment of interspecific competition.  It relates relative abundance of conifer and deciduous stems (via accumulated diameter) to create a numeric index using the following formula:   

				∑ (Di)/Dc= CI Lorimer 

				where  Di = basal diameter of the ith woody competitor, and Dc = basal diameter of the subject coniferous seedling.

				Plots should be located as recommended in the guide.  A plot radius of 2.99 m is suggested.

				The tool and its interpretation are described in detail in the guide.  Prior to using the tool in the field the user should also be familiar with setting Thresholds.

				How to Use the Tool:

				Steps For Field Data Collection

				The white spruce nearest the nominal plot centre becomes the crop tree.  Based on this tree the following measurements are made:

				1.      Basal (15 cm above ground level) diameter of the white spruce crop seedling.

				2.      Basal diameter of all deciduous stems in the 2.99m radius circle.



				Steps For Entering the data.

				The datasheet entry form shows the three available strata and allows the entry of up to 30 diameters for each plot.

				1.      Select the yellow cells in the datasheet and enter Base Tree data and the competitor data along with plot number.  

				2.      Enter the diameters from the field tally sheet below.

				3.   The calculations are automatically shown on the Index tab.  When all the diameters for all plots have been entered review the output on the Competition Index table and save or print the results.

				4.      Change the plot number and repeat steps 1-3. 





Lorimer's Competition Index

		Lorimer's Competition Index Calculator

		Project #:



		Location:



		Base Tree Species:		White Spruce



		Date:

		Plot #		Lorimer's Competition Index

		1		

		2		

		3		

		4		

		5		

		6		

		7		

		8		

		9		

		10		

		Average:		0.00





Input Data



		Plot #1						Plot #2						Plot #3						Plot #4						Plot #5

		Main Tree Basal Diameter						Main Tree Basal Diameter						Main Tree Basal Diameter						Main Tree Basal Diameter						Main Tree Basal Diameter

		Competitors Data						Competitors Data						Competitors Data						Competitors Data						Competitors Data

		#		Species		Basal Diameter		#		Species		Basal Diameter		#		Species		Basal Diameter		#		Species		Basal Diameter		#		Species		Basal Diameter

		1		White Birch				1						1						1						1

		2		Balsam Poplar				2						2						2						2

		3						3						3						3						3

		4						4						4						4						4

		5						5						5						5						5

		6						6						6						6						6

		7						7						7						7						7

		8						8						8						8						8

		9						9						9						9						9

		10						10						10						10						10

		11						11						11						11						11

		12						12						12						12						12

		13						13						13						13						13

		14						14						14						14						14

		15						15						15						15						15

		16						16						16						16						16

		17						17						17						17						17

		18						18						18						18						18

		19						19						19						19						19

		20						20						20						20						20

		21						21						21						21						21

		22						22						22						22						22

		23						23						23						23						23

		24						24						24						24						24

		25						25						25						25						25

		26						26						26						26						26

		27						27						27						27						27

		28						28						28						28						28

		29						29						29						29						29

		30		White Birch				30						30						30						30

		Plot #6						Plot #7						Plot #8						Plot #9						Plot #10

		Main Tree Basal Diameter						Main Tree Basal Diameter						Main Tree Basal Diameter						Main Tree Basal Diameter						Main Tree Basal Diameter

		Competitors Data						Competitors Data						Competitors Data						Competitors Data						Competitors Data

		#		Species		Basal Diameter		#		Species		Basal Diameter		#		Species		Basal Diameter		#		Species		Basal Diameter		#		Species		Basal Diameter

		1						1						1						1						1

		2						2						2						2						2

		3						3						3						3						3

		4						4						4						4						4

		5						5						5						5						5

		6						6						6						6						6

		7						7						7						7						7

		8						8						8						8						8

		9						9						9						9						9

		10						10						10						10						10

		11						11						11						11						11

		12						12						12						12						12

		13						13						13						13						13

		14						14						14						14						14

		15						15						15						15						15

		16						16						16						16						16

		17						17						17						17						17

		18						18						18						18						18

		19						19						19						19						19

		20						20						20						20						20

		21						21						21						21						21

		22						22						22						22						22

		23						23						23						23						23

		24						24						24						24						24

		25						25						25						25						25

		26						26						26						26						26

		27						27						27						27						27

		28						28						28						28						28

		29						29						29						29						29

		30						30						30						30						30





Lists

				Tree Species				Comp Tree Species

				White Spruce				Aspen

				Black Spruce				White Birch

				Engelmann Spruce				Balsam Poplar

				Hybrid Spruce






Resources

		External Image Files														External Documentation Files

				File Name		Display Name		Tool		Sheet		Recommended File Name		Rec. Name				File Name		Display Name		Tool		Sheet		File Name		Display Name (recommended)

		1		Edatope15		Aspen and Balsam Poplar LNF		T2		1A		funnel		T2 process flowchart		1		AP1		Appex. 01 - Complete List of References Cited in the Silviculture Guide		T2		1A		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		2		Edatope16		Aspen-White Spruce Mixed Potential		T2		1A		Edatope15				2		AP2		Appex. 02 - Sample T2 Output		T2		1A		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		3		Edatope17		Balsam Poplar-White Spruce Mixed Potential		T2		1A		Edatope1				3		AP3		Appex. 03 - Lookup Tables		T2		1A		S12		Sec. 12 - Assessing Biotic Constraints

		4		Edatope3		Combined Species Deployment Matrix		T2		1A		Edatope22				4		AP4		Appex. 04 - Allowable codes within T2 Process		T2		1A		FS1		Fact Sheet 01 - Abiotic Constraint Diagnostic Tool 

		5		Edatope1		Competition Risk		T2		1A		Edatope23				5		AP5		Appex. 05 - Site Adjustment and Propagule Deployment Tool Index		T2		1A		S10		Sec. 10 - Abiotic Factors

		6		Table_T5		Compositional Objective		T2		1A		Edatope24				6		AP6		Appex. 06 - Derivation of T2 Plan Evaluation Tables		T2		1B		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		7		Table_T6		Conifer Regeneration Opportunities and Management Constraints		T2		1A		Edatope25				7		AP7		Appex. 07 - Moisture and Nutrient Indicator Values for Selected Understorey Species		T2		1B		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		8		Table_T7		Constraints and Objectives		T2		1A		Edatope26				8		AP8		Appex. 08 - Site Assessment Allowable Codes		T2		2A		S03		Sec. 03 - Community Management and Ecology

		9		Edatope5		Deployment Matrix: Aspen		T2		1A		Edatope27				9		FS1		Fact Sheet 01 - Abiotic Constraint Diagnostic Tool 		T2		2A		S04		Sec. 04 - Quantifying plant community Interactions

		10		Edatope6		Deployment Matrix: Balsam Popular 		T2		1A		Edatope28				10		FS2		Fact Sheet 02 - Aspen White Spruce Facilitation & Competition Tool Fact Sheet		T2		2A		S08		Sec. 08 - Propagules

		11		Edatope8		Deployment Matrix: Black Spruce 		T2		1A		Edatope29				11		FS3		Fact Sheet 03 - Comeau Competition Index Fact Sheet		T2		2A		FS4		Fact Sheet 04 - Deciduous Propagule Potential tool 

		12		Edatope10		Deployment Matrix: Pine (Pj)		T2		1A		Edatope30				12		FS4		Fact Sheet 04 - Deciduous Propagule Potential tool 		T2		2A		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		13		Edatope9		Deployment Matrix: Pine (Pl)		T2		1A		Edatope31				13		FS5		Fact Sheet 05 - Light Threshold Tool 		T2		2A		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		14		Edatope7		Deployment Matrix: White Birch 		T2		1A		Edatope2				14		FS6		Fact Sheet 06 - Lorimer’s Competition Index Tool 		T2		2B		S03		Sec. 03 - Community Management and Ecology

		15		Edatope4		Deployment Matrix: White Spruce		T2		1A		Table_T1				15		FS7		Fact Sheet 07 - Site Adjustment & Propagule deployment Tool 		T2		2B		S04		Sec. 04 - Quantifying plant community Interactions

		16		Edatope2		Guide Coverage Area Aw-Sw in Boreal Mixedwood Region		T2		1A		Table_T2				16		FS8		Fact Sheet 08 - Site Assessment (MRNR) Tool 		T2		2B		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		17		Table_T2		Most Likely Abiotic Constraints, and Suitable Crop Species, by Site Class		T2		1A		Table_T3				17		FS9		Fact Sheet 09 - Stocking / Density Calculator Tool 		T2		2B		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		18		Table_T1		Most Likely Biotic Constraining Factors by Site Class		T2		1A		Table_T4				18		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 		T2		3A		S04		Sec. 04 - Quantifying plant community Interactions

		19		Edatope12		Occurance: Aspen		T2		1A		Edatope3				19		FS11		Fact Sheet 11 - T6 – Establishment Phase – Vegetation Management Decision Process 		T2		3A		S08		Sec. 08 - Propagules

		20		Edatope13		Occurance: Balsam Poplar 		T2		1B		Edatope3				20		FS12		Fact Sheet 12 - T7 – Composition Phase – Vegetation Management Decision Process 		T2		3A		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		21		Edatope14		Occurance: Black Spruce		T2		1B		Edatope4				21		FS13		Fact Sheet 13 - T8 – Performance Phase – Vegetation Management Decision Process 		T2		3A		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		22		Edatope11		Occurrence: White Spruce		T2		1B		Edatope5				22		FS14		Fact Sheet 14 - Winter Injury Tool 		T2		3B		S02		Sec. 02 - Silviculture Strategies

		23		Edatope21		Prevalance: Aspen		T2		1B		Edatope6				23		S01		Sec. 01 - Introduction		T2		3B		S03		Sec. 03 - Community Management and Ecology

		24		Edatope20		Prevalence: Alder		T2		1B		Edatope7				24		S02		Sec. 02 - Silviculture Strategies		T2		3B		S04		Sec. 04 - Quantifying plant community Interactions

		25		Edatope22		Prevalence: Balsam Poplar 		T2		1B		Edatope8				25		S03		Sec. 03 - Community Management and Ecology		T2		3B		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		26		Edatope23		Prevalence: Beaked Hazel 		T2		1B		Edatope9				26		S04		Sec. 04 - Quantifying plant community Interactions		T2		3B		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		27		Edatope24		Prevalence: Birch		T2		1B		Edatope10				27		S05		Sec. 05 - Evaluating Information in Silviculture Decision Making		T2		3C		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		28		Edatope25		Prevalence: Blueberry 		T2		1B		Edatope11				28		S06		Sec. 06 - Community Adjustment Treatments		T2		3C		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		29		Edatope26		Prevalence: Fireweed		T2		1B		Edatope12				29		S07		Sec. 07 - Site Sdjustment Treatments		T2		3D		S02		Sec. 02 - Silviculture Strategies

		30		Edatope27		Prevalence: Honysuckle		T2		1B		Edatope13				30		S08		Sec. 08 - Propagules		T2		3D		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		31		Edatope28		Prevalence: Labrador Tea		T2		1B		Edatope14				31		S09		Sec. 09 - Winter Injury & Root Zone Saturation		T2		3D		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		32		Edatope29		Prevalence: Raspberry		T2		1B		Edatope15				32		S10		Sec. 10 - Abiotic Factors		T2		3E		FS7		Fact Sheet 07 - Site Adjustment & Propagule deployment Tool 

		33		Edatope31		Prevalence: Reedgrass		T2		1B		Edatope16				33		S12		Sec. 12 - Assessing Biotic Constraints		T2		3E		S07		Sec. 07 - Site Sdjustment Treatments

		34		Edatope30		Prevalence: Willow (Salix bebbiana shown)		T2		1B		Edatope17				34		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)		T2		3E		S08		Sec. 08 - Propagules

		35		Edatope18		Propagule Deployment Edatope		T2		2B		Table_T5				35						T2		3E		S09		Sec. 09 - Winter Injury & Root Zone Saturation

		36		Edatope19		Site Adjustment Edatope		T2		2B		Table_T6				36						T2		3E		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 

		37		Table_T3		Suitable Crop Species vs. Abiotic Constraints		T2		2B		Table_T7				37						T2		3E		S11		Sec. 11 - T2 Process (Pre-harvest Plan Delelopment)

		38		Table_T4		Suitable Crop Species vs. Compositional Objective		T2		2B		Edatope4				38						T2		Summary		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 
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		40		funnel		T2 process flowchart		T2		2B		Edatope16				40						T2		3F		FS10		Fact Sheet 10 - T2 – Pre-harvest Plan Development Process 
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Instructions

				Stocking / Density Calculator Fact Sheet

				Purpose / Objective:

				The purpose of the Stocking / Density Calculator is to calculate required planting density by integrating expected mortality with desired density or stocking. 

				Background / Function:

				The tool has two parts. In part one, planting density is calculated from desired future stocking and expected cumulative mortality. In part two, planting density is calculated from desired future density and expected mortality. Calculated density assumes non-random (i.e. gridded) distribution of seedlings. If seedlings will be randomly distributed, planting density would have to increase in order to meet stocking requirements.

				How to Use and Interpret the Tool:

				Preparing to use the Stocking / Density Calculator:

				1. Determine desired stocking and or density based on management objectives.

				2. Estimate cumulative mortality within desired time interval.

				Accurate estimates of mortality are critical to the adequate function of the calculator.  In particular, it is important to separate initial (before year 3) and later (year 3 to 14) estimates of mortality to more accurately predict necessary planting densities to meet stocking or density objectives.

				The tool shows the planting density for both an initial and subsequent mortality interval. The higher density displayed to the right of the subsequent mortality input box shows the final required planting density dictated by cumulative mortality. If initial mortality is unknown, it should be set to zero.

				The following steps describe how to use the tool:

				1.                  Select desired Stocking Percent. If using part two of the tool select desired Density

				2.                  Select Age at which stocking percent and or density is desired

				3.                  Input initial mortality interval (optional)

				4.                  Input Cumulative % Mortality over evaluation interval

				5.                  Input subsequent Cumulative % Mortality

				6.                  Select mortality age interval





Stocking and Density Tool

				Calculate Planting Density

				Based On Desired STOCKING



				Initial Mortality

				Stocking		80		%		=		Planting Density

				Interval		3		years				1540

				Cumulative Mortality		10		%

																		note to Patrick: I like this one. Can you recreate it with the 

				Subsequent Mortality														Planting density based on desired DENSITY below and put both on the same page.

				Stocking		80		%		=		Planting Density						they are very similar but one starts with Stocking and the other with Density

				Assessment age		14		years				1610						If they do not fit on the same page we can insert a hyperlink after asking the user if they want to

				Cumulative Mortality		5		%										estimate required planting density based on desired stocking or density.

				Footnotes:		1. Assumes non-random (i.e. gridded) distribution of seedlings.

				FIRST STEP =		Select desired Stocking Percent.

				SECOND STEP =		Select length of first mortality interval.

				THIRD STEP =		Input Cumulative % Mortality over 1st evaluation interval.

				FOURTH STEP =		Input Final Assessment age																Stocking		Years		Mortality Years		Mortality %		Magic Number		Density

				FIFTH STEP =		Input Cumulative % Mortality from 1st Interval to Assessment age																100		2		1		0		1400		2000

				OUTPUT =		Required Planting Density to meet desired Stocking Percent.																90		3		2		1				1800

				Based On Desired DENSITY																		80		4		3		2				1600

																						70		5		4		3				1400

																						60		6		5		4				1200

				Initial Mortality																		50		7		6		5				1000

				Desired Density						=		Planting Density										40		8		7		6				900

				Interval				years				0										30		9		8		7				800

				Cumulative Mortality				%														20		10		9		8				700

																						10		11		10		9				600

				Subsequent Mortality																				12		11		10				500

				Desired Density		0				=		Planting Density												13		12		11				400

				Assessment age				years				0												14		13		12				300

				Cumulative Mortality				%																		14		13				200

				Footnotes:		1. Assumes non-random (i.e. gridded) distribution of seedlings.																						14

				FIRST STEP =		Select desired Density																						15

				SECOND STEP =		Select length of first mortality interval.

				THIRD STEP =		Input Cumulative % Mortality over 1st evaluation interval.

				FOURTH STEP =		Input Final Assessment age

				FIFTH STEP =		Input Cumulative % Mortality from 1st Interval to Assessment age

				OUTPUT =		Required Planting Density to meet desired Density













								Desired				Cumulative Mortality 				Planting						Annual

								Density (/ha)		@ Age (yrs)		Interval (yrs)		Percent		Density						Mortality				Power		Adjusted Density

								200		5		10		10		210						0.01		1.01		1.0510100501		210.20201002





																								Density		Years		Mortality Years		Mortality %

																								2000		3		1		0

																								1800		5		2		1

																								1600		8		3		2

																								1400		10		4		3

						FIRST STEP = Select desired Density.																		1200		12		5		4

						SECOND STEP = Select Age at which density is desired.																		1000		14		6		5

						THIRD STEP = Input Interval over which mortality was assessed.																		900				7		6

						THIRD STEP = Input Interval over which mortality was assessed.																		800				8		7

						OUTPUT = Required Planting Density to achieve desired Density.																		700				9		8

																								600				10		9

																								500				11		10

																								400				12		11

																								300				13		12

																								200				14		13

																														14

																														15
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Instructions

				Comeau Competition Index Tool Fact Sheet

				Purpose / Objective:

				To provide an integrated objective system for setting competition treatment thresholds, assessing vegetation, and prescribing treatments in Establishment Phase (Years 1 – 4) of plant community assembly. This tool integrates conifer crop tree status and community condition using a light-based competition index. This index is easy to apply in the field as it utilizes visual estimations of cover on crop tree centered plots.

				Background / Function:

				To apply the competition index, the assessor needs to quantitatively describe the plant community in a 1.26 m radius circle centered on the conifer crop tree.

				The tool and its use are described in detail in the Guide. Prior to using the tool in the field the user should be familiar with thresholds as well as sampling sections of the Guide.

				How to Use the Tool:

				Steps For Field Data Collection

				1.      Locate the conifer crop tree seedling closest to the plot location determined by the sampling regime used (i.e. grid point or sequential survey location spot).

				2.      Record the species of the conifer seedling and measure its total height to the nearest centimetre.

				3.      Assess the hardwood component of the emerging community in the 1.26 m radius plot as follows:

				·         Record deciduous species – in order of dominance.

				·         Measure the modal height of the deciduous community to the nearest centimetre.

				·         Estimate the total ground cover of the deciduous layer.  For covers less than 5% estimate to the nearest one (1) percent.  For covers between 5 and 100% estimate cover to the nearest 5%.

				4.      The plant community (excluding the dominant deciduous tree species) surrounding the seedling should be divided into layers based on height – a minimum of one layer and a maximum of three layers are suggested.  Note that layers are not based on species – so a single layer can have multiple species in it and a single species can occur in multiple layers.  For each layer identified record the following:

				·         Deciduous layer containing deciduous crop trees only, as per Step 3.

				·         Dominant plant species (one or two species).

				·         Modal height of the layer to the nearest centimetre.

				·         Ground cover of each layer expressed as percent – with 100% equaling total cover.  For covers less than 5% estimate cover to the nearest one (1) percent.  For covers between 5 and 100% estimate cover to the nearest 5 %.  Cover is best estimated using relatively small assessment units – therefore split the circular assessment plot into four discrete wedge-shaped pieces – each representing ¼ of the assessment plot.  Then use one of the following two methods to estimate cover:

				1.      Estimate total cover, by layer, in each wedge and average the result to get cover of that layer across the entire plot.

				2.      Estimate the proportion of 25% cover, by layer, in each wedge (i.e. a layer that fully covers a wedge gets 25% cover) and total the results to get cover or that layer across the entire plot.

				Note that the total cover (i.e., cover of all layers combined) can exceed 100% at this stage of plant community development.



				Steps For Entering the data (Spreadsheet entry).

				1.      Note that the tool allows for up to three strata within an opening and ten plots per strata.

				2.      Type in or copy and paste data into the spreadsheet provided (Data Log tab). Note that the species information is not required for the calculations. Data must be entered in the order shown on the spreadsheet for plots and strata. 

				3.   As data is entered the results are presented in the Report Tab.  Data for conifer reference and deciduous layer are required first for report to function

				4.   Copy the file or print the Report.  Repeat steps 1-3.









Comeau Data Log

						COMEAU COMPETITION INDEX CALCULATOR																																																		Average Competition Index Values						Average Competition Index Combined      

				Data Collected By:		Johnny Student																																				strata 		sum decid		sum total		plots		avg decid		avg total				Stratum		Deciduous		Total				Deciduous		Total

				Area:		Under Cloud like a whale																																				1		16		35.4090909091		2		8		17.7045454545				1		8		17.7045454545				8		17.7045454545

				Supervisor:		Yogi Bear																																				2		0		0		0								2				

				Date Collected:		7-Jul-17																																				3		0		0		0								3				



						Coniferous Reference				Deciduous Layer						Competing Layers																				Competition Indices

		Stratum		Plot		Species		Height		Leading Species		Height		Cover (%)		Species		Height		Cover (%)		Species		Height		Cover (%)		Species		Height		Cover (%)				Deciduous		Total		Layer

		1		1		Pj		100		Aspen		50		32				30		30				10		10				10		10				16		27		Aspen

		1		2		Sb		110		Aspen								25		15				10		45				10		10				0		8.4090909091		Aspen

		1		3																																				

		1		4																																				

		1		5																																				

		1		6																																				

		1		7																																				

		1		8																																				

		1		9																																				

		1		10																																				

		2		1																																				

		2		2																																				

		2		3																																				

		2		4																																				

		2		5																																				

		2		6																																				

		2		7																																				

		2		8																																				

		2		9																																				

		2		10																																				

		3		1																																				

		3		2																																				

		3		3																																				

		3		4																																				

		3		5																																				

		3		6																																				

		3		7																																				

		3		8																																				

		3		9																																				

		3		10																																				

						Pj				Aspen						Alder						Alder						Arnica

						Pl				Birch						Willow						Aspen						Bearberry

						Sb				Balsam Poplar												Birch						Bilberry

						Sw																Bunch Grass						Blueberry

																						Fireweed						Labrador tea

																						Gooseberry						Mosses

																						Honeysuckle						Strawberry

																						Mixed Forbs						Tuft Grass

																						Mixed Shrubs

																						Balsam Poplar

																						Raspberry

																						Reedgrass

																						Rose

																						Sedges

																						Willow







Report

		Comeau Competition Index Report





		Data Collected By:		Johnny Student						Area:		Under Cloud like a whale

		Supervisor:		Yogi Bear						Date Collected:		7-Jul-17																						Percent of Optimal

																																Competition Index Value		0		20		40		60		80		100

		Average Competition Index Values								Competition Indices

		Stratum		Deciduous		Total				Startum		Plot		Deciduous		Total		Dec. Sp.

		1		8.0		17.7				1		1		16.0		27.0		Aspen

		2								1		2		0.0		8.4		Aspen

		3								1		3						

		Average Combined		8.0		17.7				1		4						

										1		5						

										1		6						

										1		7						

										1		8																						Survival		Growth		Stratum 1		Stratum 2		Stratum 3		Average

										1		9																				0		100		100

										1		10																				100		95		50

										2		1																				200		90		25

										2		2																				300		80		15

										2		3																				400		50		10

										2		4																				500		25		5

										2		5						

										2		6						

										2		7						

										2		8						

										2		9						

										2		10						

										3		1						

										3		2						

										3		3						

										3		4						

										3		5						

										3		6						

										3		7						

										3		8						

										3		9						

										3		10						





























































































Comeau Competition Index



Survival	0	100	200	300	400	500	100	95	90	80	50	25	Growth	0	100	200	300	400	500	100	50	25	15	10	5	Stratum 1	0	100	200	300	400	500	Stratum 2	0	100	200	300	400	500	Stratum 3	0	100	200	300	400	500	Average	0	100	200	300	400	500	Competition Index Value
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APPENDIX: CASE STUDY – USING THE MIXEDWOOD SILVICULTURE GUIDE TO MAKE A 
REFORESTATION PRESCRIPTION 


PRE-HARVEST SITE DESCRIPTION 


A planned cutblock consists of two stands:  approximately 35 ha of a 105-year-old deciduous leading 
mixedwood stand carrying approximately 75 m3/ha of deciduous volume and 55 m3/ha coniferous 
volume (leading species are aspen and white spruce); and approximately 20 ha of a 135-year-old 
coniferous leading mixedwood stand carrying approximately 90 m3/ha of coniferous volume and 35 
m3/ha of deciduous volume.  In Figure 1 the opening boundary is traced in red, the coniferous leading 
stand is traced in yellow (with dashes) and the lines on which assessment points were placed are shown 
in blue. Assessment points were located along the lines at the same spacing as the between-line 
spacing. 


 


Figure 1. Aerial image of planned opening. 


The first stand is located on a mesic to sub-hygric, rich edatope (M 4-5 on the edatope diagram) while 
the second stand is located on a mesic, medium edatope (M 1-2 on the edatope diagram). For the 
deciduous-leading stand this is confirmed by a diagnosis identifying the following site factors: Ah soil 
horizon, medium soil texture, seepage present, flat topography, moderately well drained deep soils 
(Section 10.3 describes site factors in detail).  Therefore, this site is unlikely to have abiotic limiting 
factors; this infers it is likely to be a high competition site as other plants will be as unconstrained as the 
trees. The conifer leading site has lack of nutrients as its only abiotic limiting factor; this diagnosis is 
confirmed by the identification of the following site factors: Ae soil horizon, Mor humus form, medium 
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soil texture, lack of seepage. Thus, the second site is less likely to be a high competition site. Note that 
both sites contain small areas where seasonal flooding occurs on an irregular basis.  


The first stand has a northerly aspect and is located on the gentle toe of a small slope; the second stand 
has an easterly aspect on another face of the same gentle slope. 


Bluejoint reedgrass is prominent in the understory of the deciduous-leading (first) stand along with 
raspberry, lowbush cranberry and wild sarsaparilla. The understory of the second stand is composed 
largely of twinflower and wild rose. 


DECIDUOUS PROPAGULE POTENTIAL 


The following table shows how the Deciduous Propagule Potential (DPP) Tool was used to assess the 
deciduous regeneration potential of each stand. 


Table 1. Using the DPP to assess deciduous reforestation chance. 


 


While the two stands have differing deciduous reforestation chance both have sufficient potential to 
support regeneration to a mixedwood objective. The first stand will require more attention later in the 
stand development cycle as the patchy nature of deciduous regeneration is more susceptible to stocking 
of the stand being compromised by tending treatments that reduce deciduous regeneration success. 
The first stand would not be a good candidate for regenerating to a pure deciduous composition. 


GENERIC PRESCRIPTIONS 


Stand replacement, i.e. replacing the harvested stand composition, is generally the most common 
approach used in Alberta, so that approach is used in this case study. Given that, the first stand will be 
reforested to a deciduous leading objective, while the second stand will be reforested to coniferous 
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leading objective. In both cases the species objectives will be deciduous = aspen and coniferous = white 
spruce. 


STAND ONE – DECIDUOUS-LEADING MIXEDWOOD OBJECTIVE 


Refer to the generic prescription flowchart for a DC stand on edatope M 3-4. Notice first that the 
flowchart supports pursing a deciduous-leading objective but suggests an aggregated stand structure 
due to the DPP rating of “FAIR”.  


Moving further down the flowchart, a site adjustment that creates small to moderate raised microsites 
is recommended in the presence of bluejoint reedgrass. Microsite creation should likely be focused on 
areas selected for conifer dominance as part of the aggregated mixedwood objective. Likewise, these 
areas will likely be targeted with broadcast patch application of glyphosate to control reedgrass within 
two or three years of planting. 


The winter injury assessment process indicates little likelihood of winter injury, thus medium sized white 
spruce seedlings can be planted.  


Note that the following discussion of mortality uses example data; in using the Guide practitioners will 
use data based on survival of their own reforested cutblocks. Preferably survival data will be edatope 
based. Previous experience in planting deciduous-leading M3 edatopes with reedgrass has resulted in 
approximately 4% mortality in the first year after planting with subsequent mortality of 2% per year for 
the next 3 years for a cumulative mortality of 10%.  Mortality after the first four years has been 
approximately 5% in total to year 14. Because coniferous seedlings will be expected to dominate areas 
where deciduous stocking is patchy a final density of 1400 stems per ha for these areas will be desired 
while a coniferous density of 400 stems per ha is desired where deciduous is present. Using the stocking 
density calculator gives planting densities of 1610 per ha for the areas deciduous stocking is likely to be 
poor, and 460 per ha where deciduous stocking is likely to be good. 


Review the deciduous facilitation assessment process – you will find that deciduous facilitation potential 
varies from fair to very good. Because deciduous facilitation potential is variable planting stock should 
be selected for the higher competitive potential associated with very good facilitation potential, thus 
medium to large stock should be selected. Because of the reedgrass competition potential, summer 
stock is recommended to ensure early focus on seedling root growth. 


Review the Establishment Phase stand tending flowchart. Because the objective is deciduous-leading 
mixedwood and the deciduous propagule potential is “FAIR” an aggregated structural objective is most 
attainable. Therefore, patch or spot tending that targets areas with high herbaceous vegetation pressure 
(particularly bluejoint reedgrass) while avoiding treating aspen is the preferred tending treatment. 
Monitoring for tending should be prompt, i.e. within two years of planting with treatment following 
within a growing season of monitoring. 


STAND TWO – CONIFEROUS-LEADING MIXEDWOOD OBJECTIVE 
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Refer to the generic prescription flowchart for CD stand on edatope M 1-2.  The flowchart indicates that 
a mixedwood objective is feasible with a DPP rating of “GOOD”. Furthermore, the flowchart indicates 
little likelihood of herbaceous competition consistent with the species observed in the understory of the 
stand. Therefore, an intimate aggregation objective is chosen. 


The winter injury thought tool suggests there is little likelihood of winter injury, while the deciduous 
facilitation thought tool suggests a high potential for facilitation. Thus, straight planting of medium sized 
stock is recommended. Either spring or summer stock can be used.  


A coniferous density of 800 stems per ha is desired across the site. Previous experience has shown 
mortality of 6% over the first four years and subsequent mortality to age 14 of 4%. The density 
calculator gives a planting density of 880 stems per ha.  


The Establishment phase flowchart suggests that the low likelihood of herbaceous competition means 
that the site should be monitored 3 or 4 years after planting for deciduous competition. If, as is likely, 
deciduous competition is high, single stem tending may be considered using either single stem herbicide 
application (basal bark treatment) or motor manual tending. Alternatively, by monitoring 2 years after 
planting a broadcast herbicide application of glyphosate may be used provided application occurs in the 
third year after planting, at the latest. 
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Primary Diagnosis


Data/


information


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential Good to 
Excellent


Deciduous Propagule 
Potential Fair to Poor


Deciduous Propagule 
Potential Unlikely


Confirm/
diagnosis


Limiting Factors


Prescription


Guidance on implementation


Diagnosis


Biotic


Abiotic


Data


Prescriptions







Diagnose
Edatope – D1


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, Lack of 
Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Soil Texture
Coarse Fragments


Surface Organic Layer < 5 cm
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


No Biotic Limiting 
Factors


Abundant
Ericaceous Shrubs


Chemical Site 
Preparation – Target 


Ericads


Use glyphosate with surfactant or 
triclopyr


Winter Injury Risk Assessment 
Coarse Fragments


Risk of Winter Injury 
Diagnosed


Surface Coarse Fragments Prevalent


Plant Small, 
Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, 
Summer Stock


Plant Small Stock


Edatope D1
Conifer Objective


Yes


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


No







Diagnose
Edatope – D1


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, Lack of 
Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Soil Texture
Coarse Fragments


Surface Organic Layer < 5 cm 
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


No Biotic Limiting 
Factors


Chemical Site 
Preparation – Target 


Ericads


Use glyphosate with surfactant or 
triclopyr


Winter Injury Risk Assessment 
Coarse Fragments


Risk of Winter Injury 
Diagnosed


Surface Coarse Fragments Prevalent


Plant Small, 
Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, 
Summer Stock


Plant Small Stock


Edatope D1
Conifer-leading Mixedwood Objective


Yes


Assess Potential 
Abiotic Limiting 


Factors


Consider change 
of objective to C


Fill Plant


Abundant
Ericaceous Shrubs


Diagnose Biotic 
Limiting Factors


No







Diagnose
Edatope – D1


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, Lack of 
Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Soil Texture
Coarse Fragments


Surface Organic Layer < 5 cm 
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


No Biotic Limiting 
Factors


Chemical Site 
Preparation – Target 


Ericads


Use glyphosate with surfactant or 
triclopyr


Winter Injury Risk Assessment 
Coarse Fragments


Risk of Winter Injury 
Diagnosed


Surface Coarse Fragments Prevalent


Plant Small, 
Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, 
Summer Stock


Plant Small Stock


Edatope D1
Deciduous-leading Mixedwood 


Objective


Fill Plant


Abundant
Ericaceous Shrubs


Diagnose Biotic 
Limiting Factors


Consider change of 
objective to C


Consider change of 
objective to C or CD


Assess Potential 
Abiotic Limiting 


Factors







Diagnose
Edatope – D2


Confirm Abiotic 
Limiting Factors = Lack 


of Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Fragments
Surface Organic Layer < 5 cm 


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


No Biotic Limiting 
Factors


Chemical or 
Mechanical Site 


Preparation – Target 
Ericads


If MSP, use Mix or Linear Mix
If CSP, use glyphosate with surfactant 


or triclopyr


Winter Injury Risk Assessment 
Coarse Fragments


Risk of Winter Injury 
Diagnosed


Plant Small, 
Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, 
Summer Stock


Plant Small Stock


Edatope D2
Conifer Objective


Yes


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


Abundant
Ericaceous Shrubs


Diagnose Biotic 
Limiting Factors


Surface Coarse Fragments Prevalent
No







Diagnose
Edatope – D2


Confirm Abiotic 
Limiting Factors = Lack 


of Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Fragments
Surface Organic Layer < 5 cm 


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


No Biotic Limiting 
Factors


Chemical or 
Mechanical Site 


Preparation – Target 
Ericads


If MSP, use Mix or Linear Mix
If CSP, use glyphosate with surfactant 


or triclopyr


Winter Injury Risk Assessment 
Coarse Fragments


Risk of Winter Injury 
Diagnosed


Surface Coarse Fragments Prevalent


Plant Small, 
Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, 
Summer Stock


Plant Small Stock


Edatope D2
Conifer-leading Mixedwood Objective


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


Abundant
Ericaceous Shrubs


Diagnose Biotic 
Limiting Factors


Consider change of 
objective to C







Diagnose
Edatope – D2


Confirm Abiotic 
Limiting Factors = Lack 


of Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Fragments
Surface Organic Layer < 5 cm 


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


No Biotic Limiting 
Factors


Chemical or 
Mechanical Site 


Preparation – Target 
Ericads


If MSP, use Mix or Linear Mix
If CSP, use glyphosate with surfactant 


or triclopyr


Winter Injury Risk Assessment Coarse 
Fragments


Risk of Winter Injury 
Diagnosed


Surface Coarse Fragments Prevalent


Plant Small, 
Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, 
Summer Stock


Plant Small Stock


Edatope D2
Deciduous-leading Mixedwood 


Objective


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


Abundant
Ericaceous Shrubs


Diagnose Biotic 
Limiting Factors


Consider change of 
objective to C


Consider change of 
objective to C or CD


Deciduous Propagule 
Potential 
Unlikely


Deciduous Propagule 
Potential 


Fair to Poor







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – F1 or 2


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, Lack of 
Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Soil Texture
Coarse Fragments


Surface Organic Layer < 5 cm
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


No Biotic Limiting 
Factors


Abundant
Ericaceous Shrubs


Chemical or Mechanical 
Site Preparation – Target 


Ericads


Winter Injury Risk Assessment Coarse 
Fragments


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small, Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, Summer 
Stock Pl


Edatope F1 or 2
Conifer Objective


Yes


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


Surface Coarse Fragments Prevalent


No


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Small-medium, 
Summer Stock


No


Yes


Good+


< Good


If MSP, use Mix or Linear Mix
If CSP, use glyphosate with surfactant 


or triclopyr







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – F1 or 2


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, Lack of 
Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Soil Texture
Coarse Fragments


Surface Organic Layer < 5 cm
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Biotic Limiting Factors 
will Emerge Later


Chemical or Mechanical Site 
Preparation Patch Treatment–


Target Ericads


If MSP, use Mix or Linear Mix. 
If CSP, use glyphosate with surfactant or 


triclopyr


Winter Injury Risk Assessment Coarse 
Fragments


Plant Sw or Pl
Small, Summer Stock


Wait One 
Growing Season


Plant Small, Summer 
Stock Pl


Edatope F1 or 2
Conifer-leading Objective


Yes


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


No


Plant Sw or Pl
Small-medium, 
Summer Stock


No


Yes


Good+


< Good


Structural 
Objective -


Intimate


Structural 
Objective -
Aggregated


Consider 
changing to 
objective C


Assess Aspen 
Facilitation Potential


Pl, Pj Present in Parent Stand


Surface Coarse Fragments Prevalent
Risk of Winter Injury 


Diagnosed


Diagnose Biotic 
Limiting Factors


Abundant
Ericaceous Shrubs







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – F1 or 2


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, Lack of 
Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Soil Texture
Coarse Fragments


Surface Organic Layer < 5 cm
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Abundant
Ericaceous Shrubs


Chemical or Mechanical Site 
Preparation Patch Treatment–


Target Ericads


If MSP, use Mix or Linear Mix. 
If CSP, use glyphosate with surfactant or 


triclopyr


Winter Injury Risk Assessment 
Coarse Fragments


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small, Summer Stock


Pl, Pj Present in Parent Stand


Wait One 
Growing Season


Plant Small, Summer 
Stock Pl


Edatope F1 or 2
Deciduous-leading Objective


Yes


Assess Potential 
Abiotic Limiting 


Factors


Fill Plant


Surface Coarse Fragments Prevalent


No


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Small-medium, 
Summer Stock


No


Yes


Good+


< Good


Structural 
Objective -


Intimate


Structural 
Objective -
Aggregated


Consider 
changing to 
objective C


Structural 
Objective -


Intimate


Consider changing 
to objective C or CD







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – F3


Confirm Abiotic 
Limiting Factors = 
Occasional Lack of 


Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Fragments
Surface Organic Layer < 5 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Abundant
Herbaceous Forbs


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small-Medium Stock


Edatope F3 - Conifer Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Medium Stock


No


Yes


Good+


< Good


Abundant
Reedgrass with or 


w/o Forbs


Schedule monitoring 
within 2 growing 


seasons


Schedule monitoring 
within 2 growing 


seasons


w/o Forbs


Monitor with sufficient time to treat at 
end of the second growing season after 


planting


w/Forbs







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – F3


Confirm Abiotic 
Limiting Factors = 
Occasional Lack of 


Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Fragments
Surface Organic Layer < 5 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Abundant
Herbaceous Forbs


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small-Medium Stock


Edatope F3 –
Conifer-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Medium Stock


No


Yes


Good+


< Good


Abundant
Reedgrass with or 


w/o Forbs


Schedule monitoring 
within 3 growing 


seasons


Schedule monitoring 
within 2 growing 


seasons


Monitor with sufficient time to treat at 
end of the second growing season after 


planting


w/Forbs


Structural 
Objective = 


Intimate


Structural 
Objective = 
Aggregated


Consider changing 
objective to C


w/o Forbs


Schedule monitoring 
within 2 growing 


seasons







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – F3


Confirm Abiotic 
Limiting Factors = 
Occasional Lack of 


Moisture


Upper Slope or Crest
High Evapotranspiration


Coarse Fragments
Surface Organic Layer < 5 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Abundant
Herbaceous Forbs


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small-Medium 
Summer Stock


Edatope F3 –
Deciduous-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Medium Stock


No


Yes


Good+


< Good


Abundant
Reedgrass with or 


w/o Forbs


Schedule monitoring 
within 3 growing 


seasons


Schedule monitoring 
within 2 growing 


seasons


Monitor with sufficient time to treat at 
end of the second growing season after 


planting


w/Forbs


Structural 
Objective = 


Intimate


Structural 
Objective = 
Aggregated


Consider changing 
objective to C


w/o Forbs


Structural 
Objective = 


Intimate


Consider changing 
objective to C or CD







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M1 or 2


Confirm Abiotic 
Limiting Factors = 
Lack of Nutrients


Coarse Soil Texture
Coarse Fragments
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small, Summer Stock


Edatope M1 or 2
Conifer Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Small-medium, Stock


No


Yes


Good+


< Good







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M1 or 2


Confirm Abiotic 
Limiting Factors = 
Lack of Nutrients


Coarse Soil Texture
Coarse Fragments
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small-Medium, 
Summer Stock


Edatope M1 or 2
Conifer-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Small-medium, Stock


No


Yes


Good+


< Good


Consider changing 
objective to C


Structural 
Objective = 


Intimate


Structural 
Objective = 
Aggregated







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M1 or 2


Confirm Abiotic 
Limiting Factors =
Lack of Nutrients


Coarse Soil Texture
Coarse Fragments
Mor humus form


Ah Horizon < 5 cm
Ae Horizon > 2 cm


Root Restricting Layer


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small-Medium, 
Summer Stock


Edatope M1 or 2
Deciduous-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw or Pl
Small-medium, Stock


No


Yes


Good+


< Good


Consider changing 
objective to C


Structural 
Objective = 


Intimate


Structural 
Objective = 
Aggregated


Consider changing 
objective to C or CD


Structural 
Objective = 


Intimate







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M3 or 4


Confirm Abiotic 
Limiting Factors = 


None


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw Small 
Summer Stock


Edatope M3 or 4
Conifer Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium 
Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


If no MSP or CSP, monitor with time to 
react in the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential Small Raised Microsite 


or Linear Raised or 
Chemical CSP


< Good


Good


Do not use MSP


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M3 or 4


Confirm Abiotic 
Limiting Factors = 


None


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw Small 
Summer Stock


Edatope M3 or 4
Conifer-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium 
Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


If no MSP or CSP, monitor with time to 
react in the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential


Small Raised Microsite 
or Linear Raised or CSP


< Good


Do not use MSP


Consider changing 
objective to C


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M3 or 4


Confirm Abiotic 
Limiting Factors = 


None


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Plant Sw Small 
Summer Stock


Edatope M3 or 4
Deciduous-leading Objective


Plant Sw medium 
Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


If no MSP, monitor with time to react in 
the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential Small Raised Microsite 


or Linear Raised or 
Chemical CSP


< Good


Good


Do not use MSP


Consider changing 
objective to C


Structural Objective 
= Aggregated


Structural Objective 
= Intimate


Structural Objective 
= Aggregated


Structural Objective 
= Intimate


Aspen Facilitation 
Potential


Assess Potential 
Abiotic Limiting 


Factors


Risk of Winter Injury 
Diagnosed


Winter Injury Risk Assessment 







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M5


Confirm Abiotic 
Limiting Factors = 


None


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw Medium 
Summer Stock


Edatope M5
Conifer Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium-
Large Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


If no MSP or CSP, monitor with time to 
react in the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential Small Raised Microsite 


or Linear Raised or 
Chemical CSP


< Good


Good


Do not use MSP


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M5


Confirm Abiotic 
Limiting Factors = 


None


Deciduous Propagule 
Potential Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Diagnose Biotic 
Limiting Factors


Reedgrass with 
Aspen


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw Medium 
Summer Stock


Edatope M5
Conifer-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium-
Large Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


If no MSP, monitor with time to 
react in the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation 
Potential


Small Raised Microsite 
or Linear Raised SP 


or CSP


< Good


Good


Do not use MSP


Consider changing 
objective to C


Deciduous Propagule 
Potential 
Unlikely


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M5


Confirm Abiotic 
Limiting Factors = None


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw Medium 
Summer Stock


Edatope M5
Deciduous-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium-
Large Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


If no MSP, monitor with time to react in 
the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential Small Raised Microsite 


or Linear Raised SP 
or CSP


< Good


Good


Do not use MSP


Consider changing 
objective to C


Structural Objective 
= Aggregated


Structural Objective 
= Intimate


Structural Objective 
= Aggregated


Structural Objective 
= Intimate


Consider changing 
objective to CD


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – W1 or 2


Confirm Abiotic 
Limiting Factors = 
Lack of Nutrients, 


Too Much Moisture
Cold Soil


Coarse Soil Texture
Coarse Fragments
Mor humus form


Ah Horizon < 5 cm
Mottles


Water Table Depth & Gleying
Seepage


Insulating Surface Organic Layer
Topographic Position - Depression


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Winter Injury Risk Assessment 
Risk of Frost Heave


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small, Summer Stock


Edatope W1 or 2
Conifer Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Pl
Small-Medium, Stock


No


Yes


Good+


< Good


Use MSP to warm 
and dry soil


Elevated micro-site-linear, raised; 
small mounds


Risk of Frost Heave 
Diagnosed


Yes


Plant Sw Medium 
Spring Stock


No







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – W1 or 2


Confirm Abiotic 
Limiting Factors = Lack 


of Nutrients, 
Too Much Moisture


Cold Soil


Coarse Soil Texture
Coarse Fragments
Mor humus form


Ah Horizon < 5 cm
Mottles


Water Table Depth & Gleying
Seepage


Insulating Surface Organic Layer
Topographic Position - Depression


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Winter Injury Risk Assessment 
Risk of Frost Heave


Risk of Winter Injury 
Diagnosed


Plant Sw or Pl
Small-Medium, 
Summer Stock


Edatope W1 or 2
Conifer-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Pl
Small-Medium, Stock


No


Yes


Good+


< Good


Elevated micro-site-linear, raised; 
small mounds


Yes


Plant Sw Medium 
Spring Stock


Consider changing 
objective to C


Structural Objective -
Intimate


Structural Objective -
Aggregated


Use MSP to warm 
and dry soil


No


Assess Aspen 
Facilitation Potential


Risk of Frost Heave 
Diagnosed







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – W1 or 2


Confirm Abiotic 
Limiting Factors = 
Lack of Nutrients, 


Too Much Moisture
Cold Soil


Coarse Soil Texture
Coarse Fragments
Mor humus form


Ah Horizon < 5 cm
Mottles


Water Table Depth & Gleying
Seepage


Insulating Surface Organic Layer
Topographic Position - Depression


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Biotic Limiting Factors 
will Emerge Later


Winter Injury Risk Assessment 
Risk of Frost Heave


Risk of Winter Injury 
Diagnosed


Plant Sw Small-
Medium, Summer 


Stock


Edatope W1 or 2
Deciduous-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Assess Aspen 
Facilitation Potential


Plant Sw
Small-Medium, Stock


No


Yes


Good+


< Good


Elevated micro-site-linear, raised; 
small mounds


Risk of Frost Heave 
Diagnosed


Yes


Plant Sw Medium 
Spring Stock


Consider changing 
objective to C


Structural Objective -
Intimate


Structural Objective -
Aggregated


Use MSP to warm 
and dry soil


Structural Objective -
Intimate


No


Consider changing 
objective to C or CD







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M3, 4 or 5


Confirm Abiotic 
Limiting Factors = 


Too Much Moisture
Cold Soil


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Winter Injury Risk Assessment 
Risk of Frost Heave


Risk of Winter Injury 
Diagnosed


Plant Sw Small 
Summer Stock


Edatope M3-5
Conifer Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw medium 
Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing seasons after 


planting


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential


< Good


Good+


Mottles
Water Table Depth & Gleying


Seepage
Insulating Surface Organic Layer


Lower Slope or Toe
Floodplain


Evapotranspiration Hazard Low
Cold Air Drainage


Use MSP to 
warm and dry 


soil


Elevated micro-site-linear, raised; small 
mounds; large mounds


Risk of Frost Heave 
Diagnosed


No


Plant Sw Medium 
Spring Stock


Yes


If on a W5 site, consider planting 
Large stock


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – M3, 4 or 5


Confirm Abiotic 
Limiting Factors = Too 


Much Moisture
Cold Soil


Deciduous Propagule Potential 
Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with Aspen


Winter Injury Risk Assessment 
Risk of Frost Heave


Risk of Winter Injury 
Diagnosed


Plant Sw Small 
Summer Stock


Edatope M3-5
Conifer-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium 
Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 growing 
season after planting with 


time to react in the same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation Potential


< Good


Mottles
Water Table Depth & Gleying


Seepage
Insulating Surface Organic Layer


Lower Slope or Toe
Floodplain


Evapotranspiration Hazard Low
Cold Air Drainage


Use MSP to 
warm and dry 


soil


Elevated micro-site-linear, raised; small 
mounds; large mounds


Good+


Risk of Frost Heave 
Diagnosed


No


Plant Sw Medium 
Spring Stock


Yes


If on a W5 site, consider planting 
Large stock


Consider changing 
objective to C


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – W3, 4 or 5


Confirm Abiotic 
Limiting Factors = 


Cold Soil
Too Much Moisture


Deciduous Propagule 
Potential Tool


Deciduous Propagule 
Potential 


Good to Excellent


Deciduous Propagule 
Potential 


Fair to Poor


Deciduous Propagule 
Potential 
Unlikely


Diagnose Biotic 
Limiting Factors


Reedgrass with 
Aspen


Winter Injury Risk Assessment 


Risk of Winter Injury 
Diagnosed


Plant Sw Small 
Summer Stock


Edatope W3-5
Deciduous-leading Objective


Assess Potential 
Abiotic Limiting 


Factors


Plant Sw Medium 
Stock


No


Yes


Good+


< Good


Plan monitoring 2 
growing seasons after 


planting


Plan monitoring 1 
growing season after 
planting, with time to 


react in same year


Herbaceous Forbs 
with or without 


Aspen


Reedgrass without 
Aspen


Assess Aspen 
Facilitation 
Potential


Good


Use MSP to 
warm and dry 


soil


Consider changing 
objective to C


Structural Objective 
= Aggregated


Structural Objective 
= Intimate


Structural Objective 
= Aggregated


Structural Objective 
= Intimate


Consider changing 
objective to CD


Mottles
Water Table Depth & Gleying


Seepage
Insulating Surface Organic Layer


Lower Slope or Toe
Floodplain


Evapotranspiration Hazard Low
Cold Air Drainage


Elevated micro-site-linear, raised; 
small mounds; large mounds


Good


<Good


Risk of Frost Heave 
Diagnosed


Plant Sw Medium 
Spring Stock


Yes


No


If on a W5 site, consider 
planting Large stock


Aspen Facilitation 
Potential







Diagnose
Edatope – F1 or 2


Diagnose
Edatope – V


Confirm Abiotic 
Limiting Factors = 


Too Much Moisture
Cold Soil


Mottles
Water Table Depth & Gleying


Seepage
Insulating Surface Organic Layer


Topographic Position - Depression
Lower Slope or Toe


Floodplain
Evapotranspiration Hazard Low


Cold Air Drainage


Diagnose Biotic 
Limiting Factors


Reedgrass with or 
without deciduous 


(birch or balsam 
poplar)


Winter Injury Risk Assessment 
Risk of Frost Heave


Risk of Winter Injury 
Diagnosed


Plant Sb
Small, Summer 


Stock


Edatope V - Conifer


Assess Potential 
Abiotic Limiting 


Factors


Plant Sb
Medium to Large, 


Stock


No


Yes


Risk of Frost Heave 
Diagnosed


Yes


Plant Sb Medium 
Spring Stock


Use MSP to 
warm and dry 


soil


Elevated micro-site; large mounds


Aspen is unlikely to 
occur on these sites


Plan monitoring 1 
growing season after 
planting, with time to 


react in same year


No







