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PREFACE
Hardwood and Vegetation Management
Research Program
This publication was initiated by the British Columbia Hardwood and Vegetation Management Technical
Advisory Committee (HVM TAC) as project B43. Funding for the project and publication was provided by the
Canada–British Columbia Partnership Agreement on Forest Resource Development: FRDA II.
HVM TAC was established in 1990 under funding from the Sustainable Environment Fund – Forest Renewal
Initiatives Program, to establish a coordinated research and extension program supplying relevant information
to hardwood and mixedwood forest managers. Representatives on HVM TAC include the Ministry of Forests
(Research Branch, Silviculture Branch, and forest regions), Ministry of Environment, Lands and Parks (Wildlife
Branch), and the Canadian Forest Service. Since its inception, a total of 45 projects have been supported
province-wide.
The current hardwood research goal of HVM TAC is to support the acquisition, communication, and
application of information needed for the sustainable and integrated management of hardwood and
mixedwood␣ resources.
The 5-year strategic plan for hardwood research outlines four priority areas for investigation. They are:
1.

Hardwood Silviculture, to provide information on the effectiveness of silvicultural treatments;

2.

Ecology, including site selection, stand dynamics, and site productivity studies, to assist in operational
decision-making;

3.

Integrated Resource Management, to support the integration of hardwood harvesting and silviculture
with other management objectives; and

4.

Forest Health, including investigations into the nature, impacts, and control of organisms that damage
hardwoods, and into the role of hardwoods in maintaining forest health.

Further information about the program may be obtained from the Ministry of Forests, Research Branch,
31 Bastion Square, Victoria, B.C. V8W 3E7.
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1

INTRODUCTION

This handbook brings together information about two subspecies, black
cottonwood (Populus balsamifera spp. trichocarpa), referred to here as cottonwood,
and balsam poplar (P. balsamifera spp. balsamifera). They are also referred to as
broadleaf or broadleaved species, particularly where there is an implication that they
portray some features in common with other broadleaf associates such as aspen, red
alder, or paper birch. These two subspecies are known to be rapid producers of woody
biomass, which is a source of an increasing array of commercially important forest
products. Both occur over much of British Columbia and cannot be accurately
segregated geographically. As a result, there are many ecosystems in nearly all of the
province’s biogeoclimatic zones where these subspecies need to be considered in
silviculture prescriptions.
In dealing with these subspecies, the handbook distinguishes between low-and
high intensity management of naturally occurring coastal cottonwood; between the
silvics and silviculture of balsam poplar in northeastern British Columbia, which are
different from those of cottonwood in central and coastal British Columbia; and between
native Populus species and hybrid poplars wherever the latter are of silvicultural interest
in British Columbia. However, because a handbook of manageable size cannot address
all silvical and silvicultural questions about such wide-ranging subspecies, we instead
focus on the important questions and assume that biodiversity, forest health, and
integrated resource management are important objectives for managers of broadleaf
tree species. Cottonwood and balsam poplar have a role in ecosystem functions, even
in places where they are not now commercially used. This handbook is therefore
intended not only for managers interested in harvesting Populus biomass, but also for
persons interested in matters such as forest health and biodiversity. In this context, the
handbook incorporates cottonwood and balsam poplar management suggestions
contained in guidebooks and regulations released under the Forest Practices Code of
British Columbia Act since May 1995.
To emphasize the practical intent of this handbook, some of the key cottonwood
and balsam poplar management techniques available today are summarized at the outset
( Table 1). These fall into four categories distinguished by the following goals:
1

to nurture cottonwood and balsam poplar in pure natural stands as a renewable
and sustainable source of woody biomass and as broadleaf subspecies that provide additional habitat diversity to that provided by conifer-dominated ecosystems (“broadleaf medium-rotation extensive culture”);

2

to promote these broadleaf species silviculturally as companions in mixedwood
ecosystems, where they can provide not only their own biomass and biodiversity
values but also enhance conifer production through nurse crop relations
(“mixedwood medium-rotation extensive culture”);

3

to nurture cottonwood hybrids for the intensive silviculture short-rotation production of Populus biomass on highly productive alluvial sites (“short-rotation
intensive culture”);

4

accept the historically predominant management interest that has viewed
cottonwood and balsam poplar primarily as serious deterrents to the establishment and growth of conifer stands (“broadleaf elimination”).
1

TABLE 1.

Management goals and techniques available for silvicultural operations involving cottonwood or
balsam poplar in pure or mixed stands

Management goal

Techniques available

• regenerate a fully stocked pure-stand crop of
cottonwood or balsam poplar

• removal of overstory and creation of clearcuts or
openings large enough to induce development of
suckers or stump sprouts; protection of sites where
cottonwood or balsam poplar seedling regeneration is prolific (Section 3.5)

• promote establishment and growth of cottonwood
or balsam poplar to provide diversity to stands that
would otherwise be dominated by conifers

• techniques as listed above for the goal of pure
Populus stands

• reduce the density of cottonwood and balsam
poplar because they are competing with the
desired crop of conifers

• brushing to reduce abundance of undesired
Populus stems (Section 5.1)

• retain old-growth Populus stands or trees for
wildlife reasons

• where Populus stems are so decayed to be of little
use commercially, such stems may be left standing
to provide structural diversity and trees with
wildlife value (Section 6.1)

• enhance stand structural diversity

• use of shelterwood cuts, selective harvesting to
protect high-value understories, or two-cut
harvesting systems (Sections 3.7 and 6.1)

• enhance or maintain growth rates of cottonwood or
balsam poplar crop trees (maximizing biomass
accumulation rates)

• for natural stands, limited management options
exist because of inadequate information about
responses to fertilization, spacing, or precommercial thinning (Sections 4.3 and 4.5); for
plantations, see hybrid poplar management
guidelines (Section 4.4, 4.5, and 4.7)

• increase the proportion of stems that are decayfree and of high quality for desired commercial
products

• short-rotation management, with rotations below
40 years if small diameter of stem biomass is not a
limiting factor (Section 4.7), or 40–60 years if
larger stem diameters are needed for a product
that can be manufactured and sold

• convert cottonwood or balsam poplar stands to
shade-tolerant conifers

• underplanting of shade-tolerant companion conifer
species (e.g., Cw, Ss, Se), provided that the choice
of conifer matches the biogeoclimatic subzone and
site series of the location (Section 5.2)

• retain a pure cottonwood or balsam poplar
component for biodiversity or wildlife habitat
reasons

• silvicultural activities that retain as much standing
biomass of broadleaf tree species as possible
(Sections 6.1, 6.2, 6.3, and 6.4)

• maximize Populus biomass production independently of naturally occurring stands of cottonwood
or balsam poplar

•

2

all known methods for highly intensive hybrid
poplar plantation management (Sections 4.4, 4.5,
and 4.7)

The one common thread in these alternatives is that cottonwood’s natural
occurrence is generally synonymous with highly productive valley-bottom, floodplain,
or seepage-slope sites. Alternative 3 above has a relatively short history in British
Columbia. Interest in intensive black cottonwood culture began almost 4 decades ago,
but substantial trials with hybrid poplars began only in the 1980s. Through the work of
foresters at Scott Paper Limited, MacMillan Bloedel Ltd., and the Ministry of Forests,
the province has quickly gained impressive information about intensive, high-yield
hybrid poplar culture. That experience must be left to a separate specialized handbook;
the focus here is on indigenous populations of black cottonwood and balsam poplar.
However, hybrid poplars are referred to in sections that address stocking standards,
nursery production of planting stock, plantation care, and short-rotation management.
For balsam poplar, the management choices in alluvial and floodplain sites are
similar to those for cottonwood, except that balsam poplar has not had as prominent a
role in hybrid poplar plantations as has black cottonwood. Where management and
silvicultural suggestions are thought to apply equally to cottonwood and balsam poplar,
in this handbook the term “cottonwood–balsam poplar” is used.
Although not well quantified by present inventor y data, balsam poplar is
provincially a more significant component of upland sites than is cottonwood. Therefore,
especially east of the continental divide in northeastern British Columbia, silvicultural
choices for balsam poplar are often similar to those for aspen, or at least involve
ecosystems where aspen is also present. Parts of this handbook that refer to balsam
poplar identify circumstances where a forester should be able to manage balsam poplar
in conjunction with aspen (see FRDA Report No. 230). However, site or silvical
circumstances where balsam poplar needs to be managed differently from aspen are
identified where those differences are known. An example of the latter is that balsam
poplar is more versatile than aspen in both vegetative and seed-origin reproduction.
This handbook assumes that, through much of British Columbia, foresters
involved with silviculture prescriptions are apt to be involved with either black
cottonwood or balsam poplar as a component of the working forest (Figure 1). The
distinctive silvical features of these broadleaf species have prompted new ways of
thinking about mixedwood forest management. The following questions are now being
asked:
•

Do mixedwood stands that contain broadleaf species support unique assemblages
of plant or animal species?

•

What are the wildlife species that might be disadvantaged by habitat fragmentation if large areas of broadleaf species (of any age) are clear-cut?

•

Are there areas of old growth that still have a significant broadleaf tree species
component? If so, what is the biodiversity role of the remnant broadleaf species
in these old-growth stands?

•

What is the accurate age-class structure of broadleaf-dominated stands in any
particular area?

With broadleaf trees now generally recognized as being a valuable source of woody
biomass and a component of successful mixed-species management for biodiversity
and riparian and wildlife habitat, forest managers are looking for advice on how to use
cottonwood or balsam poplar in biomass production and integrated resource
management.

3

Information Sources:
McAuliffe 1989;
McLennan and Mamias
1992; Green and Klinka
1994.

An important first step has been the shift from considering broadleaf species as
one undifferentiated group. Today the distinctive silvical and silvicultural differences
within the group must become a focus for management. Some of the key differences
among black cottonwood–balsam poplar, aspen, and red alder in British Columbia are
highlighted in Table 2.

BRITISH COLUMBIA
0

FIGURE 1.

100

200 km

Geographic distribution of black cottonwood and balsam poplar in British Columbia. The dashed line
represents the approximate boundary between the two distributions — balsam poplar to the northeast
and black cottonwood to the southwest (adapted from Krajina et al. 1982).

4

TABLE 2.

Some silvical and silvicultural differences among black cottonwood–balsam poplar, aspen, and red
alder (1 = predominant feature for the species; 2 = applies to the species but not predominantly so;
3 = does not apply to the species; ? = silvical or silvicultural aspects not well known)

Cottonwood–
balsam poplar

Aspen

Red
alder

• vegetative reproduction almost exclusively by root suckers

2

1

3

• vegetative reproduction common from stump sprouts

1

2

2

• vegetative reproduction common from broken branch or stem
segments

1

3

3

• readily reproduced by stem or root cuttings

1

3

3

• frequently reproduces naturally from seedling origin

1

3

1

• very rapid early growth rate if of vegetative origin

1

1

?

• relatively rapid early growth rate if of seedling origin

?

?

1

• very effective natural thinning if of clonal origin

1

1

3

• natural thinning less effective than in clonal stands if of
seedling origin

?

?

3

• ability to fix nitrogen

2

3

1

• nitrogen fixation leads to soil acidification

3

3

1

• significant role in riparian ecosystems

1

2

1

• management for high-quality solid wood products is a
high priority

2

3

1

• management for fibre, flake, pulp, and paper products is
main priority

1

1

3

Feature

5

1.1 Cottonwood–Balsam Poplar in Contemporary
British␣ Columbia Forestr y

The␣ largest␣ concentrations
of interior cottonwood–
balsam poplar are in the
northeastern part of
British Columbia and are
mature or overmature
(81␣ years or older). In
coastal regions, about
two-thirds of the reported
volumes are near mature
(41–80 years). Across the
province this Populus
resource provides
excellent opportunities for
management and␣ use.
Information Sources:
Barclay 1983; Dickmann
and Stuart 1983; van der
Kamp 1986; DeBell 1990;
Demeritt 1990; Boysen
and Strobl 1991;
Meidinger and Pojar
1991; Palmer 1991;
Hansen et al. 1993;
Green and Klinka 1994;
Navratil et al. 1994;
Heilman et al. 1995.

•

Compared to conifers, cottonwood and balsam poplar are aggressive,
rapidly growing, short-lived subspecies that have a greater variety of ways
to regenerate vegetatively than any other tree species in British Columbia.

•

The inherently rapid leader growth rates of cottonwood and balsam poplar,
coupled with their frequent natural occurrence on ver y fertile and
productive sites, result in high annual increments early in stand
development.

Before choosing a particular cottonwood or balsam poplar management approach,
forest managers should make some fundamental decisions, as outlined in Figure 2.
Options associated with cottonwood–balsam poplar stemwood production must also
be considered (Figure 3), as must objectives to enhance Populus-dominated ecosystems
for wildlife, biodiversity, or other aspects of integrated resource management (Figure␣ 4).
Thus, not only must forest managers work with the basic silvical characteristics of
these subspecies but they must maintain a flexible and adaptive approach to their
management.
Although this handbook emphasizes management of stands made up of Populus
native to British Columbia, it also refers to hybrid poplar plantations (in Sections 4.4,
4.5, 4.7, and 4.8), because such plantations are an expanding segment of biomass
production in the province. Hybrid poplar plantation management is a large subject
covered by other books, for example Barclay (1983), Dickmann and Stuart (1983),
Demeritt (1990), Palmer (1991), and Hansen et al. (1993); Heilman et al. (1995). The
detailed Dickmann and Stuart guide has been complemented recently by a manual and
video prepared by the Ontario Ministry of Natural Resources and co-sponsored by the
Poplar Council of Canada (Boysen and Strobl 1991). This handbook only briefly
discusses some aspects of hybrid poplar plantation management (see Sections 4.7
and␣ 4.8).
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Begin by basing decisions for silvicultural options on cottonwood or balsam
poplar market demands, accessibility of the cottonwood–balsam poplar
resource, and dominant management goals (stemwood production, integrated
resource management, or simply protection of this resource) until its use
allocation can be assessed later.

Is there now a market for
cottonwood or balsam poplar in
your management area?

No

Yes

Are there access restrictions for
cottonwood or balsam poplar
management in your area?

Is a cottonwood or balsam poplar
market visualized within your
planning horizon?

No

Consider a “do nothing” approach
to retain all options.

No

No action, but re-assess as
forest management goals
change, and protect the
existing cottonwood or
balsam poplar resource to
retain all options.

Yes

Yes

Reassess access and market
conditions in the future as market
conditions change.

No

Are your main objectives to
enhance cottonwood or balsam
poplar ecosystems for riparian
zone management (slope stability,
protection of streamside habitats,
streamside restoration), wildlife
habitat, biodiversity, or integrated
resource management?

No

Is cottonwood or balsam poplar
stemwood production your
main objective?

Yes

Is your area being managed for
specific purposes involving
cottonwood or balsam poplar?

Yes

See Figure 4

Yes

See Figure 3

FIGURE 2.

Preliminary decisions needed for selection of cottonwood or balsam poplar silvicultural options.
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Begin planning for cottonwood or balsam
poplar production by assessing which areas
should be dedicated to that purpose.

No

Have you identified sites that are optimal and
sites that are unsuitable for cottonwood or
balsam poplar production?

Yes

Map such sites; avoid unsuitable
sites and place silvicultural effort
on optimal sites.

See
Sections
2 and 3.4

No

Do you know the stem quality of cottonwood
or balsam poplar that has reached your
desired stemwood piece size?

Yes

Assess local variations and
clonal differences in incidence of
stem decay.

See
Section
3.8

No

Have you assessed the silvicultural
implications of the age-class structure of
parent stands with which you will be dealing?

Yes

Very old stands may already be
breaking up enough to allow new
regeneration to develop; if not,
encourage vegetative reproduction.

See
Sections
4.1 and 4.2

No

Have you decided on the timing and
method of harvest to promote maximum
broadleaf regeneration?

Yes

In general, plan to clearcut and to
increase soil temperature through
harvesting disturbance that
promotes vegetative reproduction.

See
Sections
3.5, 4.1,
and 4.2

No

Have you considered other factors that would
encourage maximization of cottonwood or
balsam poplar stemwood production in the
next rotation?

Yes

If stemwood piece size is not
important, consider short rotations
because mean annual increment of
cottonwood or balsam poplar
peaks earlier than in conifers.

See
Sections
3.7 and 4.7

Yes

Define special circumstances where fertilization or other silvicultural
expenditures may be warranted because they are often not justified as an
expenditure for Populus stem biomass production; see Sections 4.3 and 4.5.

Defer allocation of any forest land base to cottonwood or balsam poplar
stemwood production until all of these questions are addressed as part of
long-range planning and silviculture prescriptions.

FIGURE 3.

Silvicultural options for non-intensive management of cottonwood or balsam poplar stemwood
production in natural stands (medium-rotation extensive culture). See Sections 4.4, 4.5, and 4.7 for
management of hybrid Populus plantations.
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Begin

If the answer to any of
these questions is no,
either focus on
cottonwood and balsam
popular stemwood
production (see Figure 3)
or limit management to
protection of broadleaf
resource until it is a high
priority for wildlife use,
biodiversity, integrated
resource management,
or stemwood production.

FIGURE 4.

No

Is wildlife habitat enhancement and promotion
of maximum biodiversity one of your
management objectives?

Yes

See Sections
6.1 and 6.2

No

Is protection of riparian habitat a major objective in
your cottonwood–balsam poplar management area?

Yes

See Section 6.3

No

Will provincial guidelines for having an old-growth
strategy be addressed in your cottonwood–balsam
poplar management area?

Yes

See Sections
6.1, 6.2, and 6.3

No

Is use of these broadleaf species as a scenic
resource and for visual enhancement of forest
landscapes one of your management objectives?

Yes

See Sections
6.2, 6.3, and 6.4

No

Is promotion of cottonwood or balsam poplar as a
nurse crop in mixedwood forest management one of
your management objectives?

Yes

See Sections
5.2 and 5.3

No

Is you management area designated for mixedwood
rather than a pure broadleaf silviculture?

Yes

See Section 5

Silvicultural options for objectives to enhance cottonwood or balsam poplar ecosystems for wildlife
use, biodiversity, or integrated resource management.
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1.2 Inventory of Cottonwood–Balsam Poplar in
British␣ Columbia

Cottonwood is the lead
species on about 20 000
harvestable hectares of
coastal forest land and
interior cottonwood—
balsam poplar is the lead
species on about 215 500
hectares.

Information Sources:
Annas 1977; McLennan
and Mamias 1992;
Massie et al. 1994;
Massie 1995.

•

The present assessment of cottonwood inventory underestimates the gross
volume of utilizable cottonwood available in British Columbia.

•

Based on the inventory data available, the Prince Rupert and Prince
George Forest Regions have most of the cottonwood volume in British
Columbia.

Table 3 summarizes from existing inventory data the forest land areas in which
either cottonwood or balsam poplar is the lead species for various coastal and interior
regions of British Columbia. The table also lists the relative proportions of cottonwood–
balsam poplar volumes in near-mature, mature, and over-mature age classes.
On an area basis, an overwhelming majority of the provincial cottonwood and
balsam poplar resource occurs in northeastern British Columbia. A recent provincial
lead species analysis indicated that the region with the greatest area occupied by
cottonwood–balsam poplar is the Northeast (including the Fort Nelson, Fort St. John,
and Dawson Creek timber supply areas). The region with the lowest area representation
of these broadleaf species (6516 ha) is the Mid-Mainland on the coast (including the
Mid Coast and Kingcome timber supply areas). Also low in representation (8100 ha) is
the South Central region (including the Merritt, Kamloops, and Okanagan timber
supply␣ areas).
By volume, there is an important age-class difference between coastal and interior
regions. On the coast, 63% of the cottonwood resource is near mature (41–80 years),
with only 13% mature (81–120 years) and 24% overmature (over 121 years). In the interior,
only 8% of the recorded volume is young enough to be classed as near mature, which in
the interior is defined as 61–80 years. Most of the interior cottonwood–balsam poplar is
mature (48%) or over mature (44%), both of which have the same age-class definitions
as in coastal British Columbia.
Broadleaf-dominated forests often represent some of the most productive forest
ecosystems in northeastern British Columbia. For example, in the vicinity of Fort
Nelson, balsam poplar stands that occur in a mid-position on young floodplains have
the highest volumes of wood and highest site indices of any species or stands in
the␣ region.
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TABLE 3.

Forest land areas in which black cottonwood or balsam poplar are the lead species in British
Columbia, and relative proportions of cottonwood–balsam poplar volumes in near-mature, mature,
and over-mature age classes (Massie 1995)

Regional areaa

Volume ('000s m3)

Area (ha) b
Near maturec

Mature

Over mature

Coast
Lower Mainland
Mid Mainland

13 519
6 516

1 302
480

202
164

177
497

Total Coast

20 035

1 782

366

674

160 260
15 600
21 406
8 100
10 135

2 671
118
85
107
231

16 868
444
729
661
879

13 758
1 186
2 336
461
314

215 501

3 212

19 581

18 055

Interior
Northeast
North Central
Northwest
South Central
Southeast
Total Interior

a Regional areas are defined by the following Timber Supply Areas:
REGIONAL AREA

TIMBER SUPPLY AREA

Lower Mainland
Mid Mainland

Fraser, Soo, Sunshine Coast
Kingcome (mainland), Mid Coast

Northeast
North Central
Northwest
South Central
Southeast

Fort Nelson, Fort St. John, Dawson Creek
Prince George, Mackenzie, Robson Valley
Bulkley, Kalum, Lakes, Kispiox, Morice
Merritt, Kamloops, Okanagan
Arrow, Boundary, Kootenay Lakes, Cranbrook

b Areas where black cottonwood or balsam poplar are lead species are totals of good, medium, and poor sites, but exclude sites
of low productivity.
c Near mature (coast)
Near mature (interior)
Mature
Over mature

41–80 years of age
61–80 years of age
81–120 years of age
121 years of age or more
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2 ECOSYSTEMS THAT SUPPORT COTTONWOOD–
BALSAM POPLAR IN BRITISH COLUMBIA
The province-wide distribution of black cottonwood and balsam poplar indicates
the diversity of biogeoclimatic subzones and site series in which forest managers can
be involved with these subspecies.

2.1 Geographic Distribution of Cottonwood–Balsam Poplar

Together␣ black␣ cottonwood
and balsam poplar occur
in all areas of British
Columbia except the
Queen Charlotte Islands,
the fiord-dissected
mainland from Portland
Inlet south to Queen
Charlotte Strait,
and␣ the␣ western
and␣ northwestern
one-third of
Vancouver␣ Island.

•

Balsam poplar is primarily a subarctic or boreal tree, whereas black
cottonwood is temperate or mesothermal in its climatic requirements. In
some circumstances cottonwood may extend to the lower limits of the
subalpine zone.

•

Black cottonwood occurs primarily in valley bottoms where it can form
extensive stands on the islands and floodplains of major rivers. It also
occurs on disturbed upland areas, especially on moist to wet sites.

Some taxonomists think that black cottonwood and balsam poplar are sufficiently
different to be considered separate species. Others disagree and think the two share
subspecies status. Furthermore, some reviewers of this handbook, because they work
only with coastal ecosystems or only with interior ecosystems, suggested that
cottonwood and balsam poplar not even be together in one guide. Given the differences
of opinion, several key taxonomic references are included among the information
sources listed at the end of this section. For taxonomic reasons, we favour subspecies
status for black cottonwood and balsam poplar.
Black cottonwood is regarded as the Pacific coastal race of balsam poplar. It is
found throughout southern and central British Columbia, from the coast to the Rocky
Mountains, but is absent from the western and northwestern coastal margin of
Vancouver Island, the central British Columbia coast, and the Queen Charlotte Islands.
In northwestern British Columbia it occurs in areas adjacent to the Alaska panhandle,
but is replaced by balsam poplar inland.
Balsam poplar is found across Canada, but is generally replaced by black
cottonwood southwest of the line shown in Figure 1. Cottonwood, although particularly
prevalent in major river valleys, can also occur over an elevational range from sea level
to the lower limits of the MH biogeoclimatic zone. (See Appendix 1 for the meanings of
biogeoclimatic zone and tree species abbreviations used in this handbook.) Black
cottonwood has been recorded at elevations as high as 2100 m in the Selkirk Mountains.
Balsam poplar is also primarily a tree of lowland sites but it, too, can occur at relatively
high altitudes, for example up to 1650 m in the Rocky Mountain region. In Alaska it
occurs down to sea level.
Balsam poplar hybridizes readily with black cottonwood and may hybridize with
aspen in some areas. It extends westward in northern British Columbia to the Stikine
Plateau. It occurs abundantly in the BWBS zone, less commonly in the SWB zone, and
sporadically in some eastern subzones of the SBS, IDF, and ICH zones.
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Information Sources:
Brayshaw 1965;
Brayshaw 1978; Krajina
et al. 1982; Eckenwalder
1984; McLennan 1990.

Cottonwood is found in all biogeoclimatic zones of British Columbia except the
SWB and AT zones. By contrast, balsam poplar is most abundant in the BWBS
biogeoclimatic zone, less common in the SWB zone, and only sporadic in some eastern
subzones of the SBS, IDF, and ICH zones. In northeastern British Columbia, balsam
poplar frequently occurs in aspen-dominated stands.

2.2 Ecosystems in which Forest Managers are Most Involved
with Cottonwood–Balsam Poplar

Although cottonwood is
listed in the name of
10␣ site series in
British␣ Columbia,
one␣ site series
(Ss – Salmonberry) in
the Vancouver and
Prince␣ Rupert forest
regions probably
supports␣ more
cottonwood than any
other site series in
the␣ province.

•

Cottonwood is characteristically associated with river banks, gravel bars,
or low-lying land, but it also grows on the loams, clays, and rich humic
soils of upland sites. The largest trees grow at low elevations on deep
alluvial soils; poorest growth occurs on newly deposited gravel.

•

Balsam poplar is most commonly found on moist upland and alluvial
bottomland sites. Like black cottonwood, it exhibits its best growth on
moist, rich bottomlands with deep soil.

Biogeoclimatic units and site series where cottonwood is commonly found are
listed for the Cariboo, Kamloops, Nelson, and Vancouver forest regions in Tables 4 to
7. In the Prince Rupert and Prince George forest regions, cottonwood is common in
certain site series and balsam poplar in other site series as listed in Tables 8 and 9.
Common tree, shrub, and herbaceous associates found with cottonwood or balsam
poplar are listed in Table 10.
Hydrologic and geomorphic considerations for silvicultural investments on
floodplains, typified by the detailed work in the Skeena River valley, have tended to
focus on Sitka spruce as the desired merchantable crop. However, black cottonwood is
an integral part of such ecosystems and forest managers have a choice of how much
they wish to enhance cottonwood biomass production, either in pure stands or as a
companion with Sitka spruce or western redcedar. A critical question for silvicultural
investment is whether a particular area will be eroded away before the chosen species
of crop trees become merchantable. Compared to silvicultural costs, mapping of island
and floodplain stability is relatively inexpensive. Therefore, such mapping to identify
stable land should be undertaken before a manager commits to silvicultural expenditures
for black cottonwood, Sitka spruce, or red alder.
On some sites, no management is the best choice for cottonwood or balsam poplar.
Examples include low fluvial bench sites in all subzones and variants of the CWH zone.
High water tables that restrict rooting, together with prolonged annual flooding often
of high velocity, make low bench sites unsuitable for conifers and for commercially
viable broadleaf stands. Low bench sites are best left unmanaged and undisturbed by
harvesting or silviculture, with their wildlife, aesthetic, and watershed values controlled
by hydrologic and geomorphic processes.
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TABLE 4.

Biogeoclimatic units and site series where cottonwood is commonly found in the Cariboo Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit

Site series

ICHdk

CwSxw - Thimbleberry; CwSxw - Raspberry - Oak fern

ICHmk3

CwSxw - Falsebox - Knight’s plume; CwSxw - Oak fern - Cat-tail
moss; CwSxw - Devil’s club - Horsetail.

ICHwk2

CwSxw - Skunk cabbage

ICHmk3; ICHwk2

SxwCw - Oak fern

ICHdk; ICHwk2; SBSdw1; SBSwk1

Sxw - Twinberry - Oak fern

ICHwk2; ICHwk4

CwHw - Oak fern

ICHdk; ICHwk4

Sxw - Devil’s club - Lady fern

ICHmk3; ICHwk2; ICHwk4

CwHw - Devil’s club - Lady fern

IDFdk3

SxwFd - Prickly rose - Sarsaparilla

IDFdk3; IDFdk4; SBPSdc; SBPSmk; SBPSxc;
SBSdw1; SBSmc1; SBSmc2

Sxw - Horsetail - Glow moss

IDFdk4

Sxw - Feathermoss - Brachythecium

IDFxm

Sxw - Snowberry - Prickly rose

IDFxm; ICHdk; SBSdw2; SBSmw; SBSwk1

Sxw - Horsetail

IDFxw

Sxw - Water birch; Sxw - Prickly rose - Coltsfoot

MSxk

Sxw - Gooseberry - Grouseberry; Sxw - Horsetail - Leafy moss

SBPSdc; SBPSxc

Sxw - Horsetail - Meadowrue

SBPSmk; SBSdw2

Sxw - Twinberry

SBSdw1

SxwFd - Thimbleberry; Sxw - Twinberry - Coltsfoot

SBSdw2
SBSmc1

Sxw - Devil's club - Knight's plume
Sxw - Huckleberry; Sxw - Oak fern; Sxw - Devil’s club - Step
moss.

SBSmc2; SBSmw; SBSwk1
SBSmh

Sxw - Oak fern
SxwFd - Hazelnut; SxwFd - Feathermoss; SxwFd - Coltsfoot;
SxwEp - Devil’s club; Sxw - Ostrich fern

SBSmw

SxwFd - Falsebox; Sxw - Pink spirea

SBSwk1

Sxw - Pink spirea - Oak fern

SBSmw; SBSwk1

Sxw - Devil’s club

a

See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 5.

Biogeoclimatic units and site series where cottonwood is commonly found in the Kamloops Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit

Site series

BGxh1

Py - Nootka rose - Poison ivy; Act - Water birch

BGxh2

Act - Snowberry - Dogwood

ICHmk1

SxwFd - Gooseberry - Sarsaparilla; Sxw - Oak fern

ICHmk2

CwSxw - Oak fern - Bunchberry

ICHmk1; ICHmk2; IDFdk1; IDFdk2; IDFdm1;
IDFxh2; SBSmm

Sxw - Horsetail

ICHmw2

CwHw - Oak fern - Foamflower; CwHw - Horsetail

ICHmw3; ICHwk1

CwHw - Oak fern

ICHmw2; ICHmw3; ICHvk1; ICHwk1

CwHw - Devil’s club - Lady fern; CwSxw - Skunk cabbage

ICHvk1

CwHw - Oak fern - Foamflower; CwHw - Oak fern - Spiny wood
fern; CwSxw - Devil’s club - Horsetail

ICHwk1

CwSxw - Skunk cabbage

IDFdk1

SxwFd - Gooseberry - Feathermoss

IDFdk2

SxwFd - Dogwood - Gooseberry; CwSxw - Twinberry - Softleaved sedge.

IDFmw1

CwFd - Dogwood; CwFd - Devil’s club - Foamflower.

IDFmw2

CwSxw - Oak fern

IDFxh1

SxwFd - Douglas maple - Dogwood

IDFxh2

CwFd - Dogwood

MSdc; MSdm1

Sxw - Gooseberry

MSdm2; MSxk

Sxw - Gooseberry - Grouseberry; Sxw - Horsetail - Leafy moss

MSdm2

Sxw - Gooseberry - Devil’s club

PPxh1

Fd - Water birch - Douglas maple

SBSmm

Act - Water birch; Sxw - Oak fern

a

See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 6.

Biogeoclimatic units and site series where cottonwood is commonly found in the Nelson Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit

Site series

ICHdw

CwHw - White pine - Devil’s club

ICHdw; ICHmw1; ICHmw2; ICHmw3; ICHvk1;
ICHwk1

CwHw - Devil’s club - Lady fern

ICHmk1

SxwFd - Gooseberry - Sarsaparilla; Sxw - Oak fern

ICHmk1; IDFdm1; IDFdm2

Sxw - Horsetail

ICHmw1

CwHw - Oval-leaved blueberry - Oak fern

ICHmw1; ICHmw2

CwHw - Horsetail

ICHmw2

CwHw - Oak fern - Foamflower

ICHmw2; ICHmw3; ICHvk1; ICHwk1

CwSxw - Skunk cabbage

ICHmw3; ICHwk1

CwHw - Oak fern

ICHvk1

CwHw - Oak fern - Spiny wood fern

ICHvk1; ICHwk1

CwSxw - Devil’s club - Horsetail

ICHwk1

Act - Dogwood - Twinberry

IDFdm1

SxwFd - Dogwood - Gooseberry

IDFdm2

SxwAt - Sarsaparilla

IDFxh1

SxwFd - Douglas maple - Dogwood

MSdk

Sxw - Soopolallie - Snowberry; Sxw - Dogwood - Horsetail

MSdm1

Sxw - Gooseberry; Sxw - Gooseberry - Oak fern

PPdh1

PyAct - Snowberry - Kentucky bluegrass; AtAct - Snowberry Horsetail

PPdh2

PyAt - Rose - Solomon’s-seal; Act - Dogwood - Nootka rose

a

See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 7.

Biogeoclimatic units and site series where cottonwood is commonly found in the Vancouver Forest
Region, British Columbia (Silviculture Interpretations Working Group 1993)a

Biogeoclimatic unit

Site series

CDFmm

CwBg - Foamflower; Cw - Snowberry; Cw - Vanilla leaf; Cw Indian plum

CDFmm; CWHdm; CWHds1; CWHds2;
CWHmm1; CWHms1; CWHms2; CWHvm1;
CWHws2; CWHxm

Act - Red-osier dogwood; Act -Willow

CDFmm; CWHdm; CWHxm

Cw - Slough sedge

CWHdm; CWHxm

Cw - Sword fern; Cw - Foamflower; Cw - Black twinberry

CWHdm; CWHds1; CWHds2; CWHmm1;
CWHms1; CWHms2; CWHvm1; CWHws2;
CWHxm

Ss - Salmonberry

CWHdm; CWHxm

Cw - Salmonberry

CWHds1; CWHds2

Cw - Devil’s club; Cw - Solomon’s-seal

CWHmm1; CWHvm1

BaCw - Foamflower; BaCw - Salmonberry

CWHms1; CWHms2; CWHws2

BaCw - Oak fern; BaCw - Devil’s club

CWHvm1

BaSs - Devil’s club

CWHvm1; CWHws2

CwSs - Skunk cabbage

a

See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 8.

Biogeoclimatic units and site series where cottonwood and balsam poplar are commonly found in the
Prince Rupert Forest Region, British Columbia (Silviculture Interpretations Working Group 1993) a

Biogeoclimatic unit

Site series

BALSAM POPLAR
BWBSdk1

Sw - Scouring rush - Step moss; Sw - Willow - Glow moss

BWBSdk1; BWBSdk2

Sw - Currant - Horsetail

COTTONWOOD
CWHvh2

Ss - Slough sedge

CWHvh2

Ss - Pacific crab apple

CWHvm1

BaCw - Foamflower; BaCw - Salmonberry; BaSS - Devil’s club

CWHvm1; CWHwm; CHWws1; CWHws2

Ss - Salmonberry

CWHwm

Ss - Skunk cabbage; SsHw - Oak fern; SsHw - Devil’s club

CWHvm1; CWHws1; CWHws2

CwSs - Skunk cabbage

CWHvm1; CWHwm; CWHws1; CWHws2

Act - Red-osier dogwood; Act - Willow

CWHws1; CWHws2

BaCw - Oak fern; BaCw - Devil’s club

ICHmc1

Hw - Azalea - Skunk cabbage

ICHmc1a

HwBa - Oak fern; HwBa - Devil’s club - Lady fern

ICHmc2

HwCw - Oak fern; CwHw - Devil’s club - Oak fern; Sx - Devil’s
club - Lady fern; CwSx - Horsetail - Skunk cabbage; SeEp Thimbleberry - Hazelnut; AtEp - Dogwood; SxEp - Devil’s club.

ICHmc1; ICHmc2 ; ICHwc

ActSx - Dogwood

ICHmc1; ICHvc; ICHwc

HwBl - Devil’s club; ActSx - Dogwood

ICHmc1; ICHwc

HwBl - Oak fern

ICHmc1; ICHvc

Sx - Devil’s club - Dogwood

ICHvc; ICHwc

Sx - Horsetail; Sx - Devil’s club

SBPSmc; SBSmc2

Sxw - Horsetail - Glow moss
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TABLE 8.

Continued

Biogeoclimatic unit

Site series

COTTONWOOD
SBSdk

Act - Dogwood - Prickly rose

SBSdk; SBSmc2; SBSwk3

Sxw - Twinberry - Coltsfoot

SBPSmc; SBSdk; SBSwk3

Sxw - Horsetail

SBSmc2

Sxw - Oak fern; Sxw - Twinberry - Oak fern; Sxw - Horsetail

SBSwk3

Sxw - Oak fern

SBSmc2; SBSwk3

Sxw - Devil’s club

a

See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 9.

Biogeoclimatic units and site series where cottonwood and balsam poplar are commonly found
in the Prince George Forest Region, British Columbia (Silviculture Interpretations Working
Group 1993)a

Biogeoclimatic unit

Site series

BALSAM POPLAR
BWBS dk1

Sw - Scouring rush - Step moss; Sw - Willow - Glow moss

BWBSdk1; BWBSdk2; BWBSmw1;
BWBSmw2; BWBSwk1; BWBSwk2

Sw - Currant - Horsetail

BWBSmw1

Sw - Currant - Oak fern

BWBSmw1; BWBSwk1; BWBSwk2

Sw - Currant - Bluebells

COTTONWOOD
ICHmm

CwHw - Devil’s club - Oak fern

ICHmm; ICHwk1; ICHwk3

CwSxw - Devil’s club - Horsetail

ICHvk2; ICHwk1; ICHwk3; ICHwk4

CwHw - Devil’s club - Lady fern

ICHvk2

Cw - Devil’s club - Ostrich fern

ICHmm; ICHvk2; ICHwk1; ICHwk3; ICHwk4

CwHw - Oak fern

ICHvk2; ICHwk1; ICHwk3

CwSxw - Skunk cabbage

ICHwk1

Act - Dogwood - Twinberry

ICHwk3

Hw - Wood horsetail - Sphagnum

ICHwk4; SBSdw1; SBSmc2

Sxw - Twinberry - Oak fern

ICHwk4; SBSwk1

Sxw - Devil’s club - Lady fern

SBSmc; SBSdh; SBSdk; SBSdw2; SBSmc2;
SBSmc3; SBSmk1; SBSmk2; SBSvk; SBSwk1;
SBSwk2; SBSwk3

Sxw - Horsetail

SBSmc; SBSdw1; SBSmc2

Sxw - Horsetail - Glow moss

SBSdk; SBSdw1; SBSmc2; SBSwk3

Sxw - Twinberry - Coltsfoot

SBSdk

Act - Dogwood - Prickly rose

SBSdw1

SxFd - Thimbleberry

SBSdw2

Sxw - Devil’s club - Knight’s plume

SBSdw3

Sxw - Pink spirea - Prickly rose
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TABLE 9.

Continued

Biogeoclimatic unit

Site series

COTTONWOOD
SBSdw2; SBSdw3; SBSmc3

Sxw - Twinberry

SBSdw3; SBSmc2; SBSmk1; SBSmk2; SBSmw;
SBSvk; SBSwk1; SBSwk2; Sbswk3

Sxw - Oak fern

SBSmc2; SBSmk1; SBSmw; SBSvk; SBSwk1;
SBSwk2; SBSwk3

Sxw - Devil’s club

SBSmh

SxwFd - Hazelnut; SxwFd - Feathermoss; SxwFd - Coltsfoot;
SxwEp - Devil’s club; Sxw - Ostrich fern

SBSmw

SxwFd - Falsebox

SBSvk

Sxw - Devil’s club - Spiny wood fern; Sxw - Devil’s club - Ostrich
fern

SBSwk1

Sxw - Pink spirea - Oak fern; Sxw - Twinberry - Oak fern

a

See Appendix 1 for the full names of these biogeoclimatic units and for the tree species whose abbreviation begins the
name of each site series.
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TABLE 10. Common tree, shrub, and herbaceous associates of black cottonwood and balsam poplar in
British Columbia

Black cottonwood associates

Balsam poplar associates

Trees: coastal
red alder
balsam poplar
willow spp.
western hemlock
western redcedar
Sitka spruce
grand fir
bigleaf maple
black hawthorn
birch spp.
cherry

Alnus rubra
Populus balsamifera
Salix lasiandra, S. sitchensis
Tsuga heterophylla
Thuja plicata
Picea sitchensis
Abies grandis
Acer macrophyllum
Crataegus douglasii
Betula spp.
Prunus spp.

Trees
subalpine fir
white spruce
willow
black spruce
aspen
paper birch
mountain alder

Abies lasiocarpa
Picea glauca
Salix alaxensis, S. interior
Picea mariana
Populus tremuloides
Betula papyrifera
Alnus incana ssp. tenuifolia

Trees: interior
western white pine
western larch
subalpine fir
white spruce
aspen

Pinus monticola
Larix occidentalis
Abies lasiocarpa
Picea glauca
Populus tremuloides

Shrubs
vine maple
red-osier dogwood
beaked hazelnut
Nootka rose
thimbleberry
salmonberry
elderberry
black twinberry
common snowberry

Acer circinatum
Cornus sericea
Corylus cornuta
Rosa nutkana
Rubus parviflorus
Rubus spectabilis
Sambucus spp.
Lonicera involucrata
Symphoricarpos albus

Shrubs
red-osier dogwood
black twinberry
beaked hazelnut
highbush-cranberry
red raspberry
prickly rose
devil's club
red swamp currant

Cornus sericea
Lonicera involucrata
Corylus cornuta
Viburnum edule
Rubus idaeus
Rosa acicularis
Oplopanax horridus
Ribes triste

Herbs, ferns, and low shrubs
sword fern
Polystichum munitum
lady fern
Athyrium filix-femina
horestail
Equisetum spp.
stinging nettle
Urtica dioica
hedge nettle
Stachys spp.
star-flowered false
Solomon's seal
Smilacina stellata
Canada violet
Viola canadensis
touch-me-not
Impatiens spp.
enchanter’s nightshade
Circaea alpina
golden-saxifrage
Chrysosplenium spp.
buttercup
Ranunculus spp.
bitter-cress
Cardamine spp.
angelica
Angelica spp.
loosestrife
Lysimachia spp.
bedstraw
Galium spp.
iris
Iris spp.

Herbs and low shrubs
horsetails
Equisetum arvense, E.hyemale
bluejoint
Calamagrostis canadensis
bunchberry
Cornus canadensis
lingonberry
Vaccinium vitis-idaea
bedstraws
Galium boreale, G. triflorum
fireweed
tall bluebells
baneberry
pink wintergreen
clasping twistedstalk
wild sarsaparilla
coltsfoot
mitrewort

Epilobium angustifolium
Mertensia paniculata
Actaea rubra
Pyrola asarifolia
Streptopus amplexifolius
Aralia nudicaulis
Petasites spp.
Mitella spp.

Information Sources: Meidinger 1987; DeBell 1990;
Zasada and Phipps 1990; Meidinger and Pojar 1991.
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In northeastern British Columbia, forester managers sometimes have to deal
with sites where aspen has been preferentially harvested for oriented strandboard raw
materials, leaving the less desirable balsam poplar stems as residuals (Figure 5). As
wood shortages continue to increase the value of raw material from any tree species,we
believe this may be a temporary circumstance. In this context, managers will have the
greatest opportunity to make the best use of balsam poplar’s rapid growth rates and
ease of reproducing successive crops.
In the Vancouver Forest Region (as described in Land Management Handbook␣ 28),
sites where cottonwood can be prominent include:
•

high floodplain bench sites that have only short-duration floods at intervals greater
than 5 years

•

medium floodplain bench sites with flooding at least every 5 years and often annually, and with greater duration of growing season flooding than on high benches;

•

low bench sites that are flooded annually for long periods during the growing
season; flat, fine-textured marine deposits with strongly fluctuating water tables.

FIGURE 5.

A residual balsam poplar stand near Dawson Creek, British Columbia,
the result of leaving all poplar uncut in an area that would normally
be␣ classified as an aspen forest type. There is a relative abundance
of␣ balsam poplar in the upland broadleaf stands of northeastern
British␣ Columbia.
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Silvicultural choices of recommended species in the Vancouver Forest Region
would potentially involve cottonwood on only a very few site series, as listed below:

Information Sources:
Beaudry et al. 1990;
Lloyd et al. 1990;
McLennan 1991;
Meidinger and Pojar
1991; Braumandl and
Curran 1992; Banner et
al. 1993; Silviculture
Interpretations Working
Group 1993; Green and
Klinka 1994.

Biogeoclimatic unit

Site series

Cottonwood involvement

CWHdm; CWHxm

Cw – Foamflower

Act or Dr are alternative species
except on soils with strong gley
in upper 30 cm.

CWHvm1

BaCw – Salmonberry;
BaSs – Devil’s club

Act or Dr are alternative species
except on soils with strong gley
in upper 30 cm.

However, cottonwood and red alder are recommended species in most of the
Vancouver Forest Region’s subzones and variants where floodplains support any of the
following site series: Cw – Snowberry; Ss – Salmonberry; Act – Red-osier dogwood;
Act – Willow. The same is true for cottonwood and red alder in the following site series
that are characterized by strongly fluctuating water tables: Cw – Vanilla leaf; Cw –
Indian plum, and Cw – Slough sedge in the CDFmm subzone; and Cw – Salmonberry,
Cw – Black twinberry, and Cw – Slough sedge in the CWHdm and CWHxm subzones.
For these special sites on floodplains and in areas with strongly fluctuating water tables,
the cottonwood productivity potential in the Vancouver Forest Region can be ranked
according to four site index classes as defined by McLennan (1991):
Site index class

Site index range (m at 15 years)

I
II
III
IV

over 22
18–22
12–17
under 12
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3 COTTONWOOD–BALSAM POPLAR BIOLOGY
AND␣ SILVICS
Cottonwood and balsam
poplar are difficult to
separate taxonomically.
The single most reliable
distinguishing feature is
the smooth two-valved
seed capsule of balsam
poplar and the hairy
three-valved capsule of
black cottonwood. Young
shoots of cottonwood are
often angled in crosssection while those of
balsam poplar are
rounded in cross-section.

This section summarizes features of cottonwood and balsam poplar that distinguish
their silvicultural responses from those of conifers. Soil and site relations, natural
regeneration, competition, succession, and cottonwood–balsam poplar growth and yield
are also reviewed to provide foresters a silvical overview for the management sections
of this handbook (Sections 4, 5, and 6).

3.1 Field Recognition of Black Cottonwood, Balsam Poplar,
and Aspen
•

Balsam poplar and black cottonwood are dif ficult to distinguish
morphologically. Because their ranges overlap, intermediate forms are
common.

•

Black cottonwood is a potentially larger tree than balsam poplar.

Comparative leaf morphology of balsam poplar, black cottonwood, and aspen is
sketched in Figure 6. Typical morphology of cottonwood leaves, twigs, catkins, and
capsules is reproduced in Figure 7. Black cottonwood is a potentially larger tree than
balsam poplar, partly because of cottonwood’s presence on favourable sites in a coastal
environment. Bark of balsam poplar is greenish brown when young, but it becomes
dark grey with age. Bark of cottonwood is smooth, greyish green or grey when young,
darkening to greyish brown with age. When mature, balsam poplar has a more deeply
furrowed and thicker bark than cottonwood, and also larger leaves. Young shoots of
balsam poplar are round in cross-section and the female flowers have two stigmas and
male flowers 20–30 stamens.

Information Sources:
Brayshaw 1978; Hosie
1990; MacKinnon et al.
1992; Pojar and
MacKinnon 1994; Farrar
1995; Johnson et al. 1995.

In spring, both cottonwood and balsam poplar buds have a sticky, sweet-smelling
resin which can pervade an area as the buds open. In black cottonwood, female flowers
have three stigmas and male flowers 40–60 stamens. The hairy three-valved seed
capsules of cottonwood are an important distinguishing difference from the smooth
two-valved capsules of balsam poplar.
Both cottonwood and balsam poplar have seeds with cotton hairs that are readily
carried by wind.
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Trembling aspen
Populus tremuloides

Black cottonwood
Populus balsamifera ssp. trichocarpa

Balsam poplar
Populus balsamifera ssp. balsamifera

FIGURE 6.

Comparative leaf morphology of balsam poplar, black cottonwood, and aspen
(Banner et al. 1993).

1 cm

1 cm

1 cm

5 cm
1 cm
1 cm

2 cm

FIGURE 7.

Typical morphology of black cottonwood leaves, twigs, catkins, and capsules
(McLennan 1991).
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3.2 Biological Features of Cottonwood–Balsam Poplar that
Distinguish Their Silvicultural Responses from Conifers
and Other Broadleaf Species
Root systems of both
cottonwood and balsam
poplar are multi-layered,
an adaptation to periodic
flooding and the
deposition of new soil.
Initial root development
is downward, but new
roots can develop at
higher points on stems as
they are increasingly
buried by deposition.

•

Cottonwood is well adapted to low-intensity management because of its
impressive growth rates and relatively low establishment costs.

•

Key differences between cottonwood–balsam poplar and conifers are that
these broadleaf subspecies are easily propagated vegetatively and are
fast growing. These Populus characteristics are important for hybrid
plantation management because a prerequisite for genetic advancement
in forest biomass production is the choice of genera that combine the
characteristics of vegetative reproduction, fast growth, and ease of
hybridization within the genus.

Information Sources:

No British Columbia conifers are as intolerant of drought as are cottonwood and
balsam poplar. The very low shade tolerance of all five of British Columbia’s main
broadleaf species is matched in conifers only by tamarack, lodgepole pine, and whitebark
pine. Compared to those in conifers, the high nutritional requirements of cottonwood
and balsam poplar are exceeded only by Sitka spruce. Some key silvical differences
between cottonwood–balsam poplar and their associated conifers are summarized in
Table 11. The silvicultural implications of key ecological characteristics of cottonwood
and balsam poplar are listed in Table 12.

DeBell 1990; Winship
1990; Zasada and Phipps
1990; McLennan and
Mamias 1992; Simard
and Vyse 1992; Banner
et al. 1993; R. Stettler
and T. Bradshaw, pers.
comm., July 1994;
Steventon 1994.

Cottonwood and balsam poplar possess all the characteristics of early successional
species: low shade tolerance, often abundant vegetative reproduction after soil
disturbance, rapid juvenile growth, prolific seed production, relatively short life span,
good self-pruning, and replacement by more tolerant associates. For most silvical or
physiological variables, cottonwood and balsam poplar can be viewed as one species
characterized by high nutritional requirements, very low tolerance to shade and drought,
and very high tolerance to high water tables.
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TABLE 11.

Some key silvical differences between cottonwood–balsam poplar and their
associated conifers

1.

Except on alluvial sites where cottonwood and balsam poplar seedling production can be prolific,
these subspecies — unlike conifers — often occur as vegetatively reproduced individuals of
genetically identical origin. Like aspen, clones of stems connected to a common root system can be
observed in balsam poplar but less so in black cottonwood.

2.

The exceptionally wide array of natural and assisted ways for cottonwood and poplar to be
vegetatively propagated, plus their prolific seedling regeneration in certain habitats, provides a
wider range of greening-up opportunities with these poplars than is possible with conifers.

3.

Cottonwood and balsam poplar’s shorter life span and lower age of maturity, relative to conifers,
make them prime candidates for short-rotation management. The shorter natural life span also
allows stands of these subspecies to progress more quickly than conifers through structural changes
that are important for wildlife. Natural production of snags, provision of cavity-nesting
opportunities, and creation of decay-laden foraging sites in branches and stemwood all occur earlier
in cottonwood and balsam poplar than in conifer stands.

4.

Despite the greater and earlier susceptibility of cottonwood and balsam poplar to stem decay than in
conifers, both subspecies are less susceptible to root diseases — especially Armillaria — than conifers.

5.

Cottonwood and balsam poplar can be a nurse crop for conifers, but the opposite does not occur.

6.

Cottonwood and balsam poplar have higher nitrogen concentrations in foliage, twigs, and branches
than do conifers, a feature of importance to some species of wildlife that browse young shoots
of Populus.

7.

Overall, ecosystems dominated by cottonwood or balsam poplar have more rapid turnover of
nutrients than do conifer ecosystems.

8.

Cottonwood and balsam poplar, together with other broadleaf species, influence wildlife habitat more
rapidly than do conifers because the rapid growth of juvenile broadleaf species results in early
creation of vertical structure and an early abundance of biomass with browse and forage value.

9.

Unlike conifers, cottonwood and balsam poplar are very effective capturers of carbon during the
rapid growth in their first 20 years of stand development, before there is a conifer overstory. This
high rate of carbon fixation in early broadleaved stand development is balanced by high rates of
carbon release between 100 and 150 years during stand breakup, a carbon release period that occurs
earlier than in conifer stands.
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TABLE 12. Silvicultural implications of key ecological characteristics of cottonwood and
balsam poplar
1.

As with aspen, clearcutting is the favoured way to ensure full stocking of cottonwood or balsam poplar
as the succeeding forest crop, although there is increasing interest in leaving some residual
broadleaf trees to diversify future stand structure.

2.

In general, thinning is a questionable silvicultural expenditure for cottonwood and balsam poplar,
because they are very effective at self-thinning. Nevertheless very early thinning may be
advantageous in some cases, such as in intensive management for veneer production.

3.

Cottonwood and balsam poplar, as rapidly growing pioneer species, are candidates for short-rotation
management.

4.

Silvicultural retention of some cottonwood and balsam poplar stands is justified when they provide
wildlife and biodiversity values such as snags and decayed stems. Bark of very old cottonwood stems
is also of artistic value as raw material for contemporary carvers.

5.

Retention of cottonwood and balsam poplar seed trees is not a high silvicultural priority for several
reasons: a) regeneration in this species is dominated by vegetative means of reproduction; b) where
seed regeneration can readily occur, as on moist alluvial deposits, airborne Populus seeds are usually
ubiquitous so that seed trees have no additional benefit on the abundance of seedlings; and c) a
manager will often be unsure whether female trees or clones have been left unless he or she checks
more carefully than is usually done.

6.

Cottonwood and balsam poplar readily reproduce in a variety of ways: from vegetative sprouts and
stumps; through the rooting of buried stems or root fragments; by the rooting of cut roots; and (to a
limited extent) by root suckering. Nursery seedling production of this species is therefore not a high
priority.

7.

Cottonwood and balsam poplar stem cuttings and whips (unrooted cuttings) are most successful if
collected between mid-December and mid-February, and planted in spring when soil moisture is
high.

8.

The extreme shade intolerance of these subspecies regulates the time that a forest manager has to
establish this species as a component of mixedwood stands.
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3.3 Cottonwood–Balsam Poplar Soil Relations

There is nothing the
manager can do to
control the extreme
variability of floodplain
moisture regimes, except
to recognize that any
silvicultural interventions
with floodplain
cottonwood can be greatly
influenced by unpredictable floods, deposition,
and erosion.

•

Cottonwood tolerates rooting zone flooding and soil waterlogging during
the dormant season, but prolonged flooding in the rooting zone during
the growing season reduces productivity. Cottonwood can tolerate 4–6
weeks of flooding each year, provided the water is moving and is well
oxygenated.

•

Cottonwood and balsam poplar require abundant soil moisture, and
balsam poplar is possibly the most flood resistant tree species in British
Columbia; neither subspecies tolerates brackish water.

The ideal site for coastal black cottonwood is one that has good soil aeration in
the upper 60 cm, a regular supply of groundwater (subirrigation) below that level, and
a near-surface pH in the range of 6–7. These are the main reasons why the most rapid
growth of cottonwood occurs on elevated benches of active alluvial floodplains that are
subirrigated by fluctuating water tables. Many combinations of soil texture, porosity
and depth, depth to water table, and nutrient status can create these desirable site
characteristics. High soil acidity (pH below 5.5) may restrict the occurrence of black
cottonwood on fine-textured soils of otherwise favourable sites. Growth is best at low
elevations on deep, moist alluvial soils, and many cottonwoods occur on alluvial soils
that are frequently flooded and that have little development of soil horizon. Poorest soil
occurs on just-formed gravel bars; the best soil — deep, fine-textured material — occurs
on topographically higher benches that are only flooded in extreme events. Flooding
by fast-moving water rich in oxygen and nutrients provides good growth. Stagnant
water inhibits growth. Cottonwoods also grow best where there are abundant supplies
of cations.
Soil moisture regimes of floodplain sites are extremely variable, influenced not
only by bench height but also by timing and duration of flooding. On alluvial sites
where there is summer drawdown of the water table following earlier flooding, newly
established cottonwood seedlings exhibit very rapid root growth. Data from Washington
State revealed 36 cm of root elongation in a 39-day period as the roots grew and extended
to keep pace with a dropping water table. In the same 39-day observation period, shoot
elongation was only 2 cm.
Unlike for most other site series in the province, the manager has little need to be
concerned about humus management of cottonwood-dominated sites series on
floodplains. For example, in the CWHwm Wet Maritime Subzone there is only moderate
humus development on the Ss - Salmonberry site series of high alluvial benches; on
the Act - Red-osier dogwood site series of middle benches, humus is either very thin or
absent; and on the Act - Willow site series of low benches, humus is often non-existent.
However, there is a very well-developed litter layer that forms a mull humus in
cottonwood ecosystems on high and some middle benches. In mull humus,
mineralization of nitrogen and other constituents of litter is very rapid. This in turn
results in very rapid turnover of organic matter and cycling of nutrients.

Information Sources:
Krajina et al. 1982;
DeBell 1990; Demeritt
1990; Zasada and Phipps
1990; McLennan and
Mamias 1992; Banner et
al. 1993; J. Dunlap, pers.
comm., March 1995.

Some upland soils are also productive cottonwood sites. Such areas are
characterized by gley type soils which duplicate the moisture and nutrient status of
alluvial soils. These soils occur in depressions and on lower slopes where groundwater
or precipitation are sufficient, and nutrient status and pH are relatively high. Balsam
poplar grows transcontinentally on upland and floodplain sites. It achieves its best growth
on floodplains in Alaska, British Columbia, Yukon Territory, and Northwest Territories.
Hybrid poplars grow best where soils are a minimum of 1 m deep with the water
table or gravel layers at least 1 m below the surface. Optimum pH generally ranges
from 6 to 7 but some individual hybrids can tolerate higher or lower pH conditions.
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3.4 Stand and Site Conditions of Diagnostic Importance to
the␣ Manager

Cottonwoods that
are␣ established on
floodplains can tolerate
4–6 weeks of flooding,
provided␣ there␣ is
movement of
oxygenated␣ water.

•

As with other broadleaf species in British Columbia, the most important
decision for cottonwood–balsam poplar management is advance
identification and classification of ecosystems suitable for broadleaf and
mixedwood management.

•

On a watershed scale, cottonwood is the dominant broadleaf in
depositional areas of riparian zones, in contrast to red alder which typically
predominates over cottonwood on parent materials not subject to annual
or periodic deposition. As a result of these silvical differences, red alder
is more abundant than cottonwood in upland areas of watersheds. In
south coastal British Columbia, relatively small floodplains that are less
subject to major floods can be dominated by red alder, but large floodplains
are normally dominated by black cottonwood.

The largest cottonwood trees are found on deep alluvial soils at low elevations. At
the low end of the productivity spectrum, freshly deposited gravels that experience
persistent flooding provide the poorest cottonwood growth. Overall, the presence of
cottonwood indicates:
•

fresh or very moist soils,

•

regularly flooded sites on active alluvial floodplains and along stream edges,

•

nitrogen-rich soils, and

•

moder and mull humus forms.

Balsam poplar grows best in alluvial bottomland sites and on moist upland sites.
It does not grow well on dry, exposed sites, but it is often present on abandoned farmland
that is well drained and not moist throughout the growing season. Where both
cottonwood and balsam poplar occur at the same site, cottonwood generally occupies
the alluvial sites and balsam poplar the upland sites. The boreal nature of balsam poplar
indicates that this subspecies tolerates frost better than cottonwood does. Most of the
range of balsam poplar has a continental climate.
For tree species with a large north-south geographic range, such as black
cottonwood, foresters have a tendency to focus on north-south silvical differences.
However, there is preliminary evidence of genetic differences over short west-east
distances, where gradients go from wet to drier biogeoclimatic units. Some foresters
believe that for a species that occurs along river valleys, west-east provenance differences
may be just as important as north-south genetic differences. For a species that
reproduces as cottonwood does, downstream movement of broken branches and roots
both have vegetative reproduction capabilities. Thus in the long term, upstream
genotypes have the potential to extend their range downstream. Also, the high wind
mobility of cottonwood seeds suggests that west-east gene flow may be fairly efficient
in this subspecies.
In the Prince Rupert Forest Region, highly productive sites for cottonwood occur
in the ICHmc1, Moist Cold Subzone, Nass Variant, and on the Act Sx - Dogwood site
series on active floodplains of the larger rivers. The most productive stands for balsam
poplar in that forest region are in the BWBSdk2 variant, involving mixedwoods of poplar
and white spruce. For naturally occurring black cottonwood in coastal British Columbia,
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Information Sources:
Smith 1957; Harrington
1987; Klinka et al. 1989;
McAuliffe 1989; Klinka
et al. 1990; McLennan
and Mamias 1992;
Banner et al. 1993;
McLennan 1993; Green
and Klinka 1994; R.
Stettler, pers. comm.,
July 1994
SMR1

CWHwm

Ss – Salmonberry is the site association with the highest known cottonwood site indices,
sometimes approaching 30 m at age 15 and averaging 25.4 m at age 15 in 28 sites
examined. Despite these impressive site indices, there is evidence that both phosphorus
and potassium can be limitations to tree growth on Ss – Salmonberry sites.
Relative distributions of four site index classes for coastal cottonwood, in relation
to site associations, are shown in Figure 8. Characteristic features of vegetation on
high, middle, and low bench ecosystems are summarized in Table 13.

CWHvm

Upland
sites slightly
dry
fresh

SsHwOak fern

very moist

CDFmm

CWHds

CWHms & CWHws

CwBgFoamflower

CwSolomon’s
seal

BaCw-Oak fern

CwDevil’s club

BaCw-Devil’s club

BaCw-Foamflower
BaCw-Salmonberry

SsHwDevil’s club

Alluvial
sites

Cw-Sword fern2

CwHw-Sword fern

moist

wet

CWHmm CWHdm & CWHxm

Cw-Foamflower2

BaSsDevil’s club

Ss-Skunk
cabbage

CwSs-Skunk cabbage

High
bench

Cw-Skunk
cabbage

CwSnowberry

Ss-Salmonberry2

Middle
bench

Act-Red-osier dogwood2

Low
bench

Act-Willow2

CwSs- Skunk cabbage

Ss-Salmonberry

Winter SMR
Cw-Salmonberry2 Cw-Vanilla leaf
(slightly dry)
(fresh)3

high (22 + m/15 yr)

wet

Cw-Black twinberry2
(moist)3

medium (18–21 m/15 yr)

very wet

Cw-Slough sedge2
(very moist)

very moist

Sites with strongly
fluctuating water table

Cw-Indian
plum (fresh)

(moist)

low (12–17 m/15 yr)

very low (<12 m/15 yr)
1.

Soil Moisture Regime

2. Site units where stem analysis measurements of black cottonwood site index have been carried

out. Black cottonwood productivity in other site associations is inferred from ecologically similar
sites where measurements have been made, from ecological site quality assessments for the units,
and from knowledge of the ecological requirements of black cottonwood.
3. SMR in brackets describes summer soil moisture regime in fluctuating water-table ecosystems.

FIGURE 8.

Black cottonwood site index classes by site series or site associations within various biogeoclimatic
subzones in coastal British Columbia (McLennan 1991).
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TABLE 13.

Characteristic vegetation features of cottonwood-dominated high, middle, and low bench alluvial sites
in coastal British Columbia (McLennan 1991)

Site association

Characteristic vegetation

High bench
(Ss - Salmonberry,
Cw - Snowberry)

•

conifers (especially Ss and Cw) present and growing over entire site

•

•

black cottonwood (Act), red alder (Dr), and bigleaf (Mb) dominate
second growth
shrub layer dominated by red salmonberry, devil’s club, red elderberry, and
thimbleberry; snowberry is more important in the CDFmm
herb layer is poorly developed

•
•
•
•

conifers infrequent and restricted to mounds
Act and Dr dominate second growth
red-osier dogwood and black twinberry are common in the shrub layer
herb layer is poorly developed

•
•
•
•
•

conifers absent
willow species present with Act and Dr
shrub layer reduced
stony-skeletal type: herb layer with horsetails, and annual herbs and grasses
loamy-gleyed type: canary grass, other perennial grasses, Douglas hawthorn
and Pacific crabapple

•

Middle bench
(Act - Red-osier
dogwood)

Low bench
(Act - Willow)
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3.5 Cottonwood–Balsam Poplar Natural Regeneration Biology
Cottonwood and balsam
poplar can be established
after logging by a variety
of vegetative means.
Roots,␣ twigs,␣ and␣ abrasions
on stems and branches
are all potential sources
of vegetative sprouts.

•

Prime habitat for cottonwood–balsam poplar seedling establishment is
sediment exposed by receding water levels in late spring. Cohorts of
seedlings that develop in these linear habitats adapt to survive subsequent
deposition by forming new roots further up the stem.

•

Balsam poplar is more versatile than aspen in sources of vegetative
material for sprout production. There is also evidence that seed-origin
stands are more common for balsam poplar than for aspen.

In the two sections below, we distinguish seedling reproduction from vegetative
reproduction. Both are ecologically important, although where silvicultural decisions
are needed, managers are usually dealing with cottonwood–balsam poplar of vegetative
origin rather than of seedling origin.

Information Sources:
Roe 1958; Radwan et al.
1987; McAuliffe 1989;
DeBell 1990; Rood and
Mahoney 1991;
McLennan and Mamias
1992; Zasada et al. 1992;
Navratil et al. 1994; R.
Stettler, pers. comm.,
July 1994; Navratil 1995.

FIGURE 9.

In terms of fire as a stimulant for Populus regeneration, there is a gradient of
responses to fire in black cottonwood, balsam poplar, and aspen. Black cottonwood is
not well adapted as a fire species. Reports of cottonwood root suckers exist in the
literature, but suckers are sufficiently uncommon that some foresters doubt — especially
those who work with this subspecies on alluvial sites — that this subspecies has them
at all. Figure 9 illustrates the ability of black cottonwood to produce root suckers.
Cottonwood suckering was not recorded in any of the reports assembled by Rood and
Mahoney (1991) for southern Alberta. In contrast, balsam poplar often coexists with
aspen in regions where fire return intervals are relatively short. After fire or other
disturbances, however, balsam poplar is less prolific than aspen in root sucker production. Balsam poplar can be considered intermediate in adaptability to fire on␣ upland
sites, and aspen the best fire-adapted of the three Populus species in British␣ Columbia.

Like other Populus species, black cottonwood can produce suckers from roots some distance from
the main stem. This example is from a street-side cottonwood where root abrasion has stimulated
suckering, a process that appears to be relatively uncommon in root systems in alluvial sites.
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3.5.1 Seedling reproduction
Large quantities of seed
are produced by
cottonwood and balsam
poplar. Some seeds are
wind disseminated, but
many also land in the
water and can be␣ carried
long distances by rivers.
The ability of these seeds
to float enables them to be
deposited at stream edges
in moist, receptive sites
that make up the prime
recruitment zone on
floodplains.

Information Sources:
Zasada et al. 1981, 1992;
Krasny et al. 1988a and
b; DeBell 1990;
Haeussler et al. 1990;
Zasada and Phipps 1990;
McLennan and Mamias
1992.

•

Moist mineral seedbeds are crucial for high germination in both
cottonwood and balsam poplar, and seedling sur vival depends on
continuously favourable conditions prevailing during the first month.

•

Under natural conditions, seeds of cottonwood and balsam poplar have a
relatively short longevity. With special care their seeds often remain viable
for 1–3 years when dried and stored in airtight containers at -10° C. The
extreme length of viability under controlled conditions may be as much
as 5 years. If managers become involved with the handling and storage of
seed for these subspecies, they must understand their differences from
conifer seeds.

On the coast, the flowers of cottonwood appear from late March or early April
through to late May. In the interior they can appear as late as mid-June. Fruits are ripe
within a month of flowering, and seed dispersal can range from late May to early July.
Cottonwood first produces seed at approximately 10 years of age. Good seed crops are
produced annually. The timing of seed dispersal coincides with the timing of flooding
in many coastal rivers. Seed dispersal typically lasts for about 2 weeks when there is
warm, dry weather. In coastal areas, however, rainy periods can prolong dispersal for a
month or more.
In balsam poplar, catkins appear between April and June before leaves develop.
The seed matures very early, from mid-May to mid-June when the leaves are about
two-thirds grown. Seed dispersal occurs immediately after the seeds are mature. Balsam
poplar first flowers between 8 and 10 years of age. It subsequently produces a good
seed crop in most, but not all, years. Seeds are very short-lived and are not viable
unless they germinate within a few weeks of dispersal.

3.5.2 Vegetative reproduction

The growth potential␣ of
balsam poplar vegetative
reproduction is greater
than that from stems of
seedling origin.

•

Black cottonwood commonly reproduces vegetatively by sprouting from
stumps and from partially buried branch fragments, but only infrequently
from root suckers.

•

Production of balsam poplar suckers is important in the invasion of, and
establishment on, disturbed sites. It is also important in primar y
succession. Clonal expansion is more important on dr y sites where
seedling establishment and survival are low.

Balsam poplar will regenerate vegetatively from root suckers as well as from stump
sprouts and buried branch pieces. Both dormant buds and sprouts originate at the top
of a cut stump, or from where a bole has been damaged during logging. Suckers also
develop from exposed roots. Suckering occurs much less in gravelly soil than in silty
soils and is greatest where the organic layer has been removed, exposing mineral soil.
Branch parts must be well buried in the soil to produce aerial shoots. Trees cut or
damaged during logging will sprout from the stump or else sucker from the roots.
Seedling germination will likely occur on areas of exposed mineral soil. In Alaska,
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researchers have noted that the amount of reproduction from broken and buried branch
segments of balsam poplar is greater if logging occurs in fall or winter when buds are
fully developed than it is during summer logging before buds are developed. Balsam
poplar can also be easily reproduced by rooted and unrooted cuttings, usually made in
the dormant season, with cuttings potentially as short as 15 cm. The most useful way
for cottonwood or balsam poplar managers to view vegetative reproduction is in terms
of the bud bank on individual trees or on the site as a whole. There is a variety of
Populus buds available for vegetative reproduction (branch buds from the tree crown,
normal and adventitious buds from roots, and normal and adventitious buds from the
basal portions of stems). With local experience, a manager can make best use of the
different potentials for release and growth of the various components of the overall
bud banks on the site.
Alaska researchers noted that balsam poplar stump sprouts are not well attached
to the stump; they often become top heavy and break off at the point of attachment.
This appears to be particularly true of sprouts that originate near the top of the stump,
and especially on stumps of older trees. For both cottonwood and balsam poplar, more
information is needed on relations between stump height and quality of stump sprouts.
Of the tree species in the northern boreal forest, balsam poplar is perhaps the
most resistant to destruction by fire. Like aspen, balsam poplar is stimulated to produce
root suckers following fire. In Alberta, most balsam poplar suckering was noted to
occur during the second season following spring burning of a 15-year-old stand. Density
after 5 years was greater on burned areas than on unburned areas. Balsam poplar
sucker densities determined in a recent Alberta study of harvesting options averaged
in the range of 500–3000 trees per hectare, comparable to densities found in aspen–
balsam poplar broadleaf cutblocks where the proportion of balsam poplar to aspen was
approximately 1:10.

Information Sources:
Roe 1958; Galloway and
Worrall 1979; Zasada et
al. 1981, 1992; DeBell
1990; Heilman and
Stettler 1990; Zasada and
Phipps 1990; Navratil et
al. 1994; J. Zasada, pers.
comm., Aug. 1995.

Production of balsam poplar suckers following disturbance is greatest on sites
with disturbed organic layers, and is generally less than aspen sucker response. Stocking
of balsam poplar in recent Alberta studies averaged 30%, a level in agreement with
known aspen–balsam poplar associations in boreal forest ecosystems. After harvesting,
balsam poplar stocking consistently and substantially increased from the 1-year to the
4- and 5-year surveys in all areas of the Alberta study, regardless of disturbance class.
Continuous ingress of balsam poplar in the first 4–5 years after harvest reflects the
remarkable regeneration capabilities of this subspecies.
Cottonwood has one unique form of vegetative reproduction, referred to as
“cladoptosis,” which involves the physiological abscission of lateral twigs. These twigs,
with leaves attached, can take root if they fall on moist soil. This may be one means of
colonizing moist sandbars. The wide range of vegetative regeneration options available
to a manager are shown for coppice sprouts (Figure 10), rooted and unrooted cuttings
(Figure 11), and shoots from cut stems (Figure 12).
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FIGURE 10.

Black cottonwood coppice sprouts.

FIGURE 11.

Example of vegetative regeneration
capacity, through rapid (20-day)
development of roots on coastal
cottonwood shoot cut in March.

FIGURE 12.
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Vegetative shoots on stacked balsam
poplar logs, indicating the potential
for regeneration from broken stem
or branch segments.

3.6 Succession and Competition

Balsam poplar can
establish shortly after
formation of sand
or␣ gravel bars in river
channels, attain
dominance 15–25 years
after site␣ formation, and
maintain dominance
for␣ 50–75 years
before␣ declining.

•

Cottonwood and balsam poplar possess all the characteristics of early
successional species: low shade tolerance, positive regeneration response
to soil disturbance, rapid juvenile growth, prolific seed production,
relatively short life span, good self-pruning, and later replacement by
more shade-tolerant associates.

•

Balsam poplar is more versatile than aspen in both vegetative and seedorigin reproduction. Cottonwood competition with conifers is most severe
on productive bottomland sites.

The manager can use understor y species as indicators of site quality for
cottonwood in British Columbia. Good black cottonwood sites are characterized by
vigorous growth of salmonberry, nettles, sword fern, lady fern, and red elderberry.
Medium sites are characterized by red-osier dogwood, baneberry, honeysuckle,
common snowberr y, Nootka rose, and sometimes thimbleberr y. On poor sites,
horsetails and willows are dominant and such areas are often subject to prolonged
flooding. In general, black cottonwood growing in association with willows is an indicator
of relatively poor sites.
Cottonwood and balsam poplar figure prominently in British Columbia’s initiatives
to identify vegetation complexes and to define classes of vegetation potential involving
the predicted rate of herb and shrub development following disturbance. Management
implications of four recognized classes are summarized as follows, with cottonwood–
balsam poplar showing its greatest potential role in sites with very high vegetation
potential:
Class

Description

Low

Slow initial rate of herb and shr ub development following
disturbance. Little or no need for controlling vegetation to ensure
adequate regeneration. Competition for moisture may be important
on some dry sites.

Medium

Moderate initial rate of herb and shrub development. Generally
little need for controlling competing vegetation, although sites
should be reforested promptly.

High

Fast initial rate of herb and shrub development. Generally a need
to plant promptly following harvest and to plan in advance of harvest
on controlling vegetation development to ensure successful
regeneration.

Very High

Extremely fast initial rate of herb and shrub development.
Successful coniferous regeneration will require prompt planting
with large, healthy, vigorous stock, and spot or broadcast treatment
of competing vegetation. Sites with very high vegetation potential
should be considered for broadleaf or mixedwood management
(e.g., floodplain sites).
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The main cottonwood-associated species that usually concern forest managers
in␣ the Prince Rupert Forest Region because of their competition with conifers are
as␣ follows:

Vegetation complex

Major competing species
accompanying cottonwood
or balsam poplar

Seral origin
of competing species1

Cottonwood on floodplains
Lonicera involucrata
in ICH, SBS, and BWBS Zones Cornus sericea
Sambucus racemosa
Rubus parviflorus
Alnus crispa ssp. sinuata
Alnus tenuifolia
Calamagrostis canadensis
Cinna latifolia
Symphoricarpos albus

BB/SB
BB
BB/SB
BB/SB
BB/SR
BB/SR
BB/SR
BB/SB?/SR?
BB/SB

Cottonwood-alder on
floodplains in CWH Zone

Alnus rubra
Rubus spectabilis
Cornus sericea
Oplopanax horridus
Sambucus racemosa
Rubus parviflorus
Lonicera involucrata
Ribes bracteosum

SR/SB(BB)
BB/SB
BB/SB
BB
BB/SB
BB/SB
BB/SB
SB(BB)

Mixed broadleaf species on
various sites in ICH, SBS,
and BWBS Zones

Populus tremuloides
Betula papyrifera
Salix spp.
Alnus tenuifolia
Alnus crispa ssp. sinuata

SR/BB
BB/SR
BB/SR
BB/SR
BB/SR

1

SR = seed rain; BB = bud bank; SB = seed bank

In the vegetation complex examples shown above, each complex consists of a list
of species that tend to be associated with one another on ecologically similar sites. The
lists have a silvicultural bias and thus emphasize species that may affect crop tree growth
positively or negatively. The complexes are also useful for assessing potential wildlife
forage values. Not all the species in each complex should always be expected to occur
together on a given site. Depending on local conditions, species dominance varies␣ considerably.
Although foresters can gain some insights from pre-harvest and adjacent stand
conditions to predict species composition of post-harvest competing species, they are
still hampered by elements of chance when trying to predict seral vegetation trends.
That element of chance can be reduced somewhat if there is a knowledge of available
propagules, in the form of bud banks, seed banks in the soil, or seed rain from nearby
ecosystems. For a given type of disturbance in a given area, the experience and
observation of local forest managers are the best predictors of successional stages,
especially if that experience and observation are recorded in a way that can be used
and integrated by others.
Calamagrostis canadensis and Epilobium angustifolium are pioneer species that
rapidly invade disturbed sites, especially in the boreal mixedwood region. Silviculturally
they are important because they limit establishment of coniferous seedlings. However,
on sites where balsam poplar is present, heavy competition from poplar root suckers
after logging can decrease the normally very aggressive post-disturbance development
of Calamagrostis.
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Beyond the seedling stage, or the stump sprout stage shown in Figure 10, typical
phases of cottonwood and balsam poplar stand development are portrayed for various
age cohorts on alluvial benches along the Fraser River north of Prince George
(Figure␣ 13), natural spacing of young pole-sized cottonwood after self-thinning
(Figure␣ 14), an early-mature stand (Figure 15), and a late mature–overmature stand
(Figure 16). On upland sites in interior British Columbia, cottonwood or balsam poplar
often occur with other broadleaf species, especially paper birch and aspen, and form a
broadleaf complex that interferes with regeneration of coniferous species. Until recently,
the management strategy has been to remove all broadleaf competition from these
stands. This is changing as the role of broadleaf species in these stands is reconsidered
(such as the benefits these species provide for biodiversity and soil amelioration).
The␣ successional and competition role of balsam poplar, cottonwood and other
broadleaf␣ species in upland coniferous plantations in interior British Columbia requires
more information.

FIGURE 13.

Various age-class cohorts of cottonwood on alluvial benches along the Fraser River north of Prince
George, British Columbia (photo courtesy of M. Carlson, Ministry of Forests).
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Information Sources:
Conard 1984; DeBell
1990; Newton and
Comeau 1990; Zasada
and Phipps 1990;
McLennan and Mamias
1992; Banner et al. 1993;
Green and Klinka 1994;
Navratil et al. 1994.

FIGURE 14.

Cottonwood is a severe competitor with conifers because of its rapid height growth
and early dominance of forested sites. Competition is most severe on very productive
bottomland sites and will continue for the length of the rotation. Cottonwood stems
may be extremely dense in the first few years of growth, but self-thinning normally
takes place by age 5 as weaker stems are quickly suppressed by more dominant ones.
Cottonwood is not found as an understory species beneath mature forest canopies.
Following logging, seeding-in occurs from residual or nearby trees. Trees cut during
logging sprout profusely from stumps and may produce some root suckers. The
subspecies is highly susceptible to fire, and even light burns can cause considerable
injury. Cottonwood must maintain a dominant crown position to survive and grow.
Therefore, to maintain other species with cottonwood, spacing and the proportion of
the dominant cottonwood must be controlled.

Natural spacing of pole-sized cottonwood that has undergone self-thinning.
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FIGURE 15.
Early-mature cottonwood
stand along the Cowichan
River, British Columbia.

FIGURE 16.

Late-mature cottonwood with typical deeply furrowed bark.
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3.7 Cottonwood–Balsam Poplar Growth, Yield, and
Maturity␣ Ages

Currently available
information for black
cottonwood indicates that
site index curves underestimate height growth for
the first 50␣ years and
overestimate␣ it beyond
50␣ years. As␣ a␣ result of
such inaccuracies in
the␣ site index curves,
culmination of mean
annual increment (MAI)
will be overestimated.

•

Black cottonwood achieves the largest size of any deciduous tree in British
Columbia. Although much has been said about the high productivity of
cottonwood, few data are available on this subject over a broad range of
age classes. However, cottonwood’s ver y rapid juvenile growth rates are
well known.

•

In northeastern British Columbia and western Alberta, there is increasing
interest in the potential forestry role of balsam poplar (and aspen) being
managed along with white spruce in a two-stage har vesting and tending
model.

Exceptional trees of cottonwood can reach 13.7 m in height and 18 cm diameter
by 7 years of age. British Columbia’s tallest recorded cottonwood is located on
Skumalasph Island, Chilliwack Indian Reserve. In 1992, it was 43.3 m tall and 9.14 m in
circumference at breast height. Another cottonwood in Richmond had a circumference
at breast height of 8.4 m and a height of 38.7 m in 1992.
Balsam poplar is characterized by rapid early growth that allows it to establish
and maintain dominance above other vegetation. On good sites, balsam poplar will
outgrow aspen. Rapid growth can be maintained for the first 40–50 years, by which
time it can reach heights of 25 m and diameters of 45 cm. It is relatively short-lived in
the southern parts of its range, but can live as long as 200 years in Alaska. In British
Columbia no data exist on the tallest recorded balsam poplar tree.
Balsam poplar–black cottonwood canopies begin to break up after 70–90 years, at
which time shade-tolerant conifers are released and slowly come to dominate stands.
Cottonwood maturity is normally reached in 60–70 years, but good growth can be
maintained for as long as 200 years. Cottonwood outlives red alder where the two species
occur together. In general, cottonwood must maintain a dominant crown position to
grow well. To maintain other species with cottonwood, spacing of the potentially very
large cottonwood crowns needs to be controlled. Mixtures of red alder and cottonwood
can improve yield of cottonwood through alder’s nitrogen-fixing capability.
Yields from cottonwood plantations are much higher than yields from natural
stands. Excellent yields of 22.5 dry tonnes per hectare per year have been recorded for
plantations of hybrid Populus trichocarpa – P. deltoides. As of 1993, the very best shortrotation yield recorded by Scott Paper Limited was 30 m3/ha per year, with the best
hybrid poplar leader growth being over 5 m/year on the best site. Trial plantings indicate
that annual yield rates from managed cottonwood typically range from 10.5 to
21.0 m3/ha per year for up to 24 years. Pulpwood can be grown in 10–15 years and
sawlogs in 20–25 years.
Vancouver Island hybrid poplar trials by MacMillan Bloedel Ltd. have revealed
that the most disease-resistant clones also are the best growers. The best poplar hybrids
in British Columbia are expected to yield as much as 30 m3/ha per year. For example,
the 30-year-old cottonwood plantations harvested in recent years by Scott Paper Limited
for veneer are in many cases being replaced by P. interamericana hybrids intended for
a 15-year rotation. Despite this successful short-rotation approach, most coastal sites
where cottonwood is being managed still involve natural regeneration augmented with
plantings of hybrid poplar or native cottonwood whips intended for a 25- to 35-year
rotation. Growth rates of these extensively managed plantations curently range from
10 to 20 m3/ha per year. As of 1993, about 10 000 ha of land in British Columbia was
committed to Populus culture.
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Even in the interior and more northerly latitudes, biomass accumulation rates for
hybrid poplars are very impressive. For example, hybrid poplars planted over 30 years
ago near today’s Alberta-Pacific Forest Industries Inc. mill, near Boyle, Alberta, have
indicated commercial volumes over a 20-year rotation that range from 15 to 20 m3/ha
per year. The hybrid, Northwest poplar, planted near Fort McMurray, Alberta, indicated
that a 20-year rotation with 1200 harvestable stems per hectare could produce 300 m3/
ha of merchantable wood for pulp production.

Information Sources:
Maini and Cayford 1968;
Smith and Blom 1970;
Nanson and Beach 1977;
Brace and Bella 1988;
DeBell 1990; Thrower
and Nussbaum 1991;
McLennan and Mamias
1992; J.S. Thrower &
Associates Ltd. 1992;
McAuliffe 1993;
MacPherson 1993;
Stoltmann 1993; Massie
et al. 1994; Navratil et al.
1994; R. Stettler, pers.
comm., July 1994;
Niemiec et al. 1995.

Recent interest in a two-stage harvesting and tending stand-level model is
described by Brace and Bella (1988) and was further tested by Navratil et al. (1994).
Potential relative yield values are shown in Figure 17, designed to yield two harvests of
aspen and/or balsam poplar in a 120-year cycle and to realize the yield potential of
associated understory white spruce.

Yield

In stands treated according to the two-stage harvesting model, it is assumed that,
after aspen or balsam poplar canopy removal, broadleaf regeneration of acceptable
quality would develop in openings and form the broadleaf yield component of the stand
at the second harvest. The density, stocking, and growth of aspen and balsam poplar
after the first cut is of particular interest in yield predictions, as well as in sustaining a
mixedwood stand.

Hardwood understory
Softwood understory
Harvest 1
Harvest 2

0
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80
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FIGURE 17.

Relative yield values of an idealized two-stage harvesting and tending model involving balsam poplar
and/or aspen as the broadleaf component and white spruce as the softwood component (Navratil et
al. 1994, as adapted from Brace and Bella 1988).
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The remainder of this section consists of tables and figures that summarize growth
and yield data for western Canada black cottonwood and balsam poplar:

TABLE 14.

•

yield estimates for cottonwood under four different management regimes
(Table 14);

•

height-age/site index curves for British Columbia cottonwood age 0–50 years
(Figure 18) and 0–150 years (Figure 19);

•

height-age table for determining balsam poplar site index derived from all forested
regions of Alberta (Table 15); and

•

balsam poplar site index curves from Alberta data (Figure 20).

Yield estimates for black cottonwood under four management regimes used by Scott Paper Limited
(as reproduced in McLennan 1990)

Type of management system
Natural
stands

Old Fraser
Valley veneer
plantationsa

Extensively
managed
pulpwood standsb

Intensively
managed
pulpwood standsb

Rotation age (yr)

30–50

25–35

25–30

15–20

Target tree size
(ht/dbh)

32 m/40 cm

34 m/38 cm

35 m/40 cm

32 m/35 cm

1.5

1.5

1.5

1.5

250

280

300–500

300–500

200

236

250–350

400–450

7.9 c
5.4 c

10.0
N/A

10–20
10–15

15–30+
15–20

Target tree volume
(m3/tree)
Net stand volume
(m3/ha)
Stocking at harvest
(trees/ha)
MAId (m3/ha per year)
Fraser Block
Upcoast Block
a
b
c
d

Based on yield assessments of recently logged stands and stands approaching rotation age.
Projections based on current growth rates and yield data from other areas.
Based on old B.C. Forest Service inventory data. Currently being updated with 10 new growth and yield plots.
Mean annual increment.
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FIGURE 18.

Height-age/site index curves for British Columbia black cottonwood for 0–50 years, with site index
based on breast-height age of 50 years (J.S. Thrower & Associates Ltd. 1992).
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FIGURE 19.

Height-age/site index curves for British Columbia black cottonwood for 0–150 years, with site index
based on breast-height age of 50 years (J.S. Thrower & Associates Ltd. 1992).
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1.3
1.4
1.8
2.4
3.1

3.8
4.6
5.5
6.3
7.2

8.0
8.8
9.6
10.3
11.0

11.6
12.3
12.8
13.4
13.9

14.3
14.8
15.2
15.6
15.9

16.2
16.5
16.8
17.0
17.3

25
30
35
40
45

50
55
60
65
70

75
80
85
90
95

100
105
110
115
120

125
130
135
140
145

8

0
5
10
15
20

BHAge
(yr)

17.7
18.1
18.4
18.6
18.9

15.8
16.2
16.6
17.0
17.4

12.9
13.5
14.1
14.7
15.3

9.0
9.9
10.7
11.5
12.2

4.4
5.3
6.3
7.2
8.1

1.3
1.5
2.0
2.7
3.5

9

19.2
19.5
19.8
20.1
20.4

17.1
17.6
18.0
18.4
18.8

14.1
14.8
15.4
16.0
16.6

10.0
10.9
11.8
12.6
13.4

5.0
6.1
7.1
8.1
9.1

1.3
1.6
2.3
3.1
4.0

10

20.6
20.9
21.2
21.5
21.8

18.4
18.9
19.3
19.8
20.2

15.3
16.0
16.6
17.3
17.8

11.0
12.0
12.9
13.7
14.5

5.7
6.8
7.9
9.0
10.0

1.3
1.7
2.6
3.5
4.6

11

21.9
22.2
22.5
22.8
23.1

19.6
20.1
20.6
21.1
21.5

16.4
17.2
17.8
18.5
19.1

12.0
13.0
13.9
14.8
15.7

6.3
7.5
8.7
9.9
11.0

1.3
1.9
2.8
4.0
5.1

12

23.1
23.5
23.8
24.1
24.4

20.8
21.4
21.9
22.3
22.7

17.6
18.3
19.0
19.7
20.3

13.0
14.0
15.0
15.9
16.8

7.0
8.3
9.6
10.8
11.9

1.3
2.1
3.2
4.4
5.7

13

24.3
24.7
25.0
25.4
25.6

22.0
22.6
23.1
23.5
23.9

18.7
19.5
20.2
20.8
21.5

14.0
15.1
16.1
17.0
17.9

7.7
9.1
10.4
11.7
12.9

1.3
2.2
3.5
4.9
6.3

14

16

17

18

19

25.5
25.9
26.2
26.5
26.8

23.2
23.7
24.2
24.7
25.1

19.8
20.6
21.3
22.0
22.6

15.0
16.1
17.1
18.1
19.0

8.5
9.9
11.3
12.6
13.8

1.3
2.4
3.9
5.4
7.0

26.7
27.0
27.4
27.7
28.0

24.3
24.9
25.4
25.8
26.3

20.9
21.7
22.4
23.1
23.7

16.0
17.1
18.2
19.2
20.1

9.2
10.7
12.2
13.5
14.8

1.3
2.7
4.3
6.0
7.6

27.8
28.2
28.5
28.8
29.1

25.4
26.0
26.5
27.0
27.4

22.0
22.8
23.5
24.2
24.9

17.0
18.1
19.2
20.2
21.1

10.0
11.5
13.0
14.5
15.8

1.3
2.9
4.7
6.5
8.3

28.9
29.2
29.6
29.9
30.2

26.5
27.1
27.6
28.1
28.5

23.1
23.9
24.6
25.3
25.9

18.0
19.2
20.3
21.3
22.2

10.7
12.4
13.9
15.4
16.7

1.3
3.2
5.1
7.1
9.0

30.0
30.3
30.7
31.0
31.3

27.6
28.2
28.7
29.1
29.6

24.1
24.9
25.7
26.4
27.0

19.0
20.2
21.3
22.3
23.3

11.5
13.2
14.8
16.3
17.7

1.3
3.4
5.6
7.7
9.7

Dominant/codominant height (m)

15

Site index (m)

31.0
31.4
31.7
32.0
32.3

28.7
29.2
29.7
30.2
30.6

25.2
26.0
26.8
27.5
28.1

20.0
21.2
22.3
23.4
24.3

12.3
14.1
15.7
17.3
18.7

1.3
3.7
6.1
8.3
10.4

20

32.0
32.4
32.7
33.0
33.3

29.7
30.3
30.8
31.2
31.6

26.2
27.1
27.8
28.5
29.1

21.0
22.2
23.4
24.4
25.4

13.1
14.9
16.7
18.2
19.7

1.3
4.0
6.6
8.9
11.1

21

33.0
33.4
33.7
34.0
34.3

30.8
31.3
31.8
32.2
32.7

27.3
28.1
28.9
29.5
30.2

22.0
23.2
24.4
25.4
26.4

13.9
15.8
17.6
19.2
20.6

1.3
4.4
7.1
9.6
11.8

22

34.0
34.4
34.7
35.0
35.3

31.8
32.3
32.8
33.2
33.7

28.3
29.1
29.9
30.6
31.2

23.0
24.3
25.4
26.5
27.4

14.7
16.7
18.5
20.1
21.6

1.3
4.7
7.6
10.2
12.6

23

35.0
35.4
35.7
36.0
36.2

32.8
33.3
33.8
34.2
34.6

29.3
30.2
30.9
31.6
32.2

24.0
25.3
26.4
27.5
28.5

15.6
17.6
19.4
21.1
22.6

1.3
5.1
8.2
10.9
13.4

24

36.0
36.3
36.6
36.9
37.2

33.8
34.3
34.8
35.2
35.6

30.4
31.2
31.9
32.6
33.2

25.0
26.3
27.4
28.5
29.5

16.4
18.5
20.4
22.1
23.6

1.3
5.4
8.7
11.6
14.1

25

36.9
37.3
37.6
37.8
38.1

34.8
35.3
35.8
36.2
36.6

31.4
32.2
32.9
33.6
34.2

26.0
27.3
28.5
29.5
30.5

17.3
19.4
21.3
23.0
24.6

1.3
5.8
9.3
12.3
14.9

26

37.9
38.2
38.5
38.7
39.0

35.7
36.2
36.7
37.1
37.5

32.4
33.2
33.9
34.6
35.2

27.0
28.3
29.5
30.5
31.5

18.1
20.3
22.2
24.0
25.6

1.3
6.2
9.9
13.0
15.7

27

28

38.8
39.1
39.4
39.6
39.9

36.7
37.2
37.7
38.1
38.4

33.4
34.2
34.9
35.6
36.2

28.0
29.3
30.5
31.5
32.5

19.0
21.2
23.2
25.0
26.6

1.3
6.7
10.5
13.7
16.5

TABLE 15. Height-age table for determining balsam poplar site index, based on age at breast height, derived from data from all forested regions of
Alberta (Huang, Titus, and Lakusta 1994)
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FIGURE 20.

Balsam poplar site index curves from Alberta data, based on a breast-height age of 50 years
(Huang, et al. 1994).
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3.8 Diseases, Decay, Insects, and Other Damaging Agents in
Cottonwood–Balsam Poplar

Management of decay in
cottonwood, similar in
many ways to that in
aspen, ultimately relies
on␣ matching␣ the␣ biological
characteristics of this
species with the available
utilization technology
and␣ the demand for
specific products on
a␣ long-term basis.

FIGURE 21.

•

Early advanced decay is inherent in balsam poplar (as in aspen) and is
caused by many fungi. Decay increases with balsam poplar stand age.

•

In general, cottonwood is also influenced by the same heart rots that
reduce the wood quality of aspen, except for Phellinus tremulae which
occurs exclusively on aspen in British Columbia.

The increasing use of British Columbia cottonwood and balsam poplar for veneer,
pulp, and oriented strandboard has stimulated a new interest in the diverse array of
saprophytic and pathogenic fungi that affect this tree — 183 species as recorded by
Callan (1995), of which 50% are decay fungi. An example of advanced Armillaria stem
decay in balsam poplar is shown in Figure 21. Cottonwood-balsam poplar diseases,
insects, damaging animals, and abiotic damaging agents are summarized in Table 16.
Colour plates are reproduced for cottonwood–balsam poplar foliar diseases in Figure␣ 22
and for cankers, conks, and decay in Figure 23. Management to reduce damaging agents
and to maintain forest health is addressed later in Section 4.6.
The main cankers on black cottonwood are caused by Valsa sordida (Cytospora)
and Cryptosphaeria lignyota. The main foliar pathogens are Septoria populicola, Linospora
tetraspora, and Melampsora occidentalis. For hybrid poplars currently in production in
British Columbia (mainly Populus trichocarpa x P. deltoides), the most prominent canker
pathogens in stoolbeds and in coastal plantations are Phomopsis oblonga and Valsa sordida
(Cytospora). Shoot blight (Venturia populina) has also been observed in stool beds of
coastal plantations and sometimes also causes stem breakage.

Example of advanced Armillaria stem decay in balsam poplar (photo courtesy of Y. Hiratsuka,
Canadian Forest Service, Edmonton).
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Foliar pathogens

Stem cankers and
butt rots
Phomopsis oblongata,
Cytospora chrysosperma
(=Valsa sordida)
Neofrabraea populi
Fusarium spp.
Nectria galligena
Cryptosphaeria lignyota
Bjerkandera adusta
Ganoderma applanatum

Name

Septoria populicola
Marssonina spp.

Foliar blights
Linospora tetraspora

M. medusae f. sp. deltoidae

Poplar rusts
Melampsora occidentalis.

Shepherd’s crook
Venturia populina

COMMON DISEASES
Agent

Early stages of infection produce blackened blotches with feathery margins. In later
stages the leaves die and turn tan.
These leaf spots, common in both native and hybrid poplars, cause moderate to severe
defoliation.

M. medusae f. sp. deltoidae is native to eastern North America and was introduced to
Washington State a few years ago, where it caused damage on susceptible hybrids; it is
now present in hybrid poplar in coastal B.C. Trees defoliated early in the growing season
are more susceptible to other diseases and stresses.

This is a native rust that occurs on black cottonwood and balsam poplar; it can cause
severe defoliation of susceptible trees by limiting photosynthesis. Leaf undersides turn
orange with urediniospores. Early season infections occur where cottonwoods are close
to conifers.

Causes foliar and shoot blight and is also associated with cankering and top break in
coastal plantations of poplar hybrids.

Most of these cankers are associated with dieback of stressed or injured trees of
cottonwood and balsam poplar; none has great significance in management of black
cottonwood.

Incidence and severity

TABLE 16. Common insect, disease, animal, and abiotic damaging agents involved with black cottonwood, balsam poplar, and hybrid poplars in
British Columbia (Hiratsuka and Loman 1984; Hiratsuka 1987; Ives and Wong 1988; Ostry et al. 1989; DeBell 1990; Heilman et al. 1990;
McLennan and Mamias 1992; Hiratsuka and Zalasky 1993; Callan and Ring 1994; Callan 1995; Hiratsuka et al. 1995; Van Sickle 1995;
B. Callan, pers. comm., Feb. 1996; L. Humble, pers. comm., Feb. 1996)

Defoliators

Borers

Larvae are frequent defoliator of broadleaf trees across Canada; repeated attacks cause
reduction in radial stem growth, a concern in plantations.
Repeated defoliation by multiple yearly generations kills shoots, retards growth, and can kill
young trees.
Defoliation and webbing from this transcontinental insect in southern Canada on several
broadleaf trees can be locally severe, and unsightly, especially in ornamentals.
Foliar feeder can cause partial or complete defoliation, rarely severe enough to cause mortality;
can increase stress from other agents. Prefers to feed on aspen if available.

Larvae defoliate buds and leaves of broadleaf trees; repeated attacks cause slowed tree
rejuvenation and reduced radial stem growth. Moderate to severe defoliation occurs in northern
B.C.

Cottonwood leaf beetle
Chrysomela scripta

Fall webworm
Hyphantria cunea

Forest tent caterpillar and
northern tent caterpillar
Malacosoma disstria
M. californicum
pluviale

Large aspen tortrix
Choristoneura
conflictana

Feeds under the bark and in the wood; girdles stems; this insect could be a problem only if trees
are already stressed with exposed wounds as entry points.

Bronze poplar borer
Agrilus liragus

Bruce spanworm
Operophtera bruceata

Larvae bore in the stems, roots, and branches of trees 3 years and older (larger than 2.5 cm);
may riddle the stem causing the tree to weaken and break; provide entry for decay fungi and
woodpecker holes.

Poplar borer
Saperda calcarata

Incidence and severity
Larvae can be abundant in stems of young trees; complete girdling kills the tree above the injury
and may result in multiple resprouting stems. Most serious insect pest of balsam poplar. This
species and next two are among the most damaging insects to balsam poplar.

Name

Poplar and willow borer
Cryptorhynchus lapathi

COMMON INSECTS
Agent

TABLE 16. Continued

Feeding by these mites results in galls. They are transcontinental in distribution.
Mostly an aesthetic concern, this species attacks mainly hybrids. Repeated infestation can result
in stunted growth and susceptibility to other pests.

Poplar budgall mite
Aceria parapopulae

Repeated attacks cause minor reduction in radial stem growth and stem mortality in black
cottonwood. Moderate to severe defoliation of cottonwood has occurred in the lower mainland.

Cottonwood sawfly
Nematus currani

Bud midge
Contarinia spp.

Causes defoliation of pole-sized natural and plantation stands in April–May; satiny white moths
on foliage in June–August.

This species causes light to severe defoliation in northern B.C., with possible reduction in radial
stem growth from repeated attacks.

Incidence and severity

Pacific willow leaf beetle
Tricholochmaea decora
carbo
Satin moth
Leucoma salicis

Name

Microtus spp.

Castor canadensis

Cervus cervus

Alces alces

Odocoileus virginianus

Lepus spp.

Sphyrapicus varius spp.

Vole

Beaver

Roosevelt elk

Moose

White-tailed
deer

Rabbit,
snowshoe hare

Sapsuckers

Sapsuckers drill rows of holes in the bark of young trees to feed on the sap, including
cottonwood and balsam poplar. Wounds provide entry points for stain-causing and decay fungi.

Rabbits and hares clip twigs and girdle stem bases. Resin of balsam poplar repels snowshoe
hares. Foliar buds have higher resin content than internodes and are avoided, but internodes are
browsed.

Cottonwood is a moderately important browse.

Cottonwood is a moderately important winter and spring browse. Moose browse balsam poplar
and break stems up to 5 cm diameter. Only the severest browsing is adverse to balsam poplar.

Cottonwood is an important winter browse. Stems of balsam poplar are eaten, but not the foliage.

Cottonwood and balsam poplar are a preferred food of beaver and are used by them for dam
construction.

Damage by small mammals, especially voles or meadow mice, can be severe on young trees in
grassy areas. Voles and meadow mice can cause severe losses in young plantations.

COMMON ANIMALS (animals can severely damage both cottonwood and hybrid poplar plantations)

Midges and
mites

Defoliators
(Continued)

COMMON INSECTS
Agent

TABLE 16. Continued

Neither cottonwood nor balsam poplar is tolerant of prolonged drought.

Cottonwood is highly susceptible to fire damage. Even light burns can cause considerable injury. Mature balsam poplar can survive
moderate fire, and fire stimulates root suckering. Young trees have relatively thin bark and can be killed by fire.

Cottonwood saplings are frequently injured and sometimes killed by frost (early or late). Frost cracks can lower quality of wood and
provide entry for decay fungi. Mechanical damage from wind abrasion can injure stems of whips at snow level in plantations.
Balsam poplar is subject to frost damage at all ages, especially when exposed following fire or logging.

Heavy snow and ice storms cause breakage and bending in cottonwood, especially young trees.

Wind damage is common, especially in stands where black cottonwood is taller than the associated vegetation.

Young stands can be demolished. Broken branches, shredded foliage, and open stem wounds on the windward side are
characteristic of hail damage. Wounds are entry courts for pathogenic fungi.

Gradual or dramatic channel changes can destroy cottonwood or balsam poplar stands.

Fire

Frost and cold

Ice and snow

Wind

Hail

River channel
changes

Incidence and severity

Drought

Agent

ABIOTIC AGENTS

TABLE 16. Concluded

A

B

C
D

E

FIGURE 22.

Foliar diseases that occur in British Columbia on black cottonwood, balsam poplar, or hybrid poplars.
A – Septoria leaf spot (Septoria (Mycosphaerella) populicola); B – Linospora leaf blotch (Linospora
tetraspora); C – Venturia blight (Venturia populina) on hybrid poplar; D – Conifer-cottonwood rust
(Melampsora occidentalis); E – Marssonina leaf blight (Marssonina populi). (Photograph of Linospora
courtesy of A. Funk, Canadian Forest Service; all others courtesy of B. Callan, Canadian Forest Service.)
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A

B

C
D

FIGURE 23.

Conks, decay, and canker diseases that occur in British Columbia on black cottonwood, balsam poplar,
or hybrid poplars. A – White mottled butt rot (Ganoderma applanatum); B – Butt rot (Bjerkandera
adusta); C – Cytospora canker (Cytospora chrysosperma = Valsa sordida); D – Cryptosphaeria canker
(Cryptosphaeria lignyota).(Photograph of Cryptosphaeria courtesy of A. Funk, Canadian Forest Service;
all others courtesy of B. Callan, Canadian Forest Service.)
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In addition to Venturia and Septoria leaf blights, hybrid poplar plantations in British
Columbia have also been host to Taphrina populina, Taphrina populi-salicis, Linospora
tetraspora, and Marssonina spp. In general, the hybrid poplars used in plantations to
date in British Columbia have been resistant to endemic strains of rust. However,
Melampsora medusae f. sp. deltoidae is a potential threat to hybrid Populus trichocarpa
x P. deltoides in the Fraser valley and on Vancouver Island. This is leading to replacement
of susceptible hybrid clones with more resistant clones of Populus trichocarpa x
P.␣ maximowiczii.
Field trials involving five cottonwood clones from the Fraser valley and nine clones
from southern interior locations in British Columbia, all of which had been inoculated
with the native cottonwood-conifer rust Melampsora occidentalis, revealed that tolerance
to this rust varies significantly between clones. Severe infections resulted in substantial
mortality in the following winter and reduced initial stem volume growth in the following
growing season. Reduction in dry weight resulting from this rust infection is much
greater for roots than for stems. For plantation planning, a manager can use the
concepts␣ of resistance, tolerance, and disease hazard to predict early yield of plantation
cottonwood and to select the most appropriate clones for dif ferent disease
hazard␣ conditions.
External indicators of decay in balsam poplar are mainly rotten knots and large
scars. As in aspen, there is no clear distinction made in the literature between incipient
and advanced decay or between stain and incipient decay. In balsam poplar, decay
patterns are more influenced by clone origin and less by site or age. Mapping of decayfree clones based on individual examination has been suggested as part of a genetic
improvement program.

Information Sources:
Hiratsuka and Loman
1984; Hiratsuka 1987;
Ives and Wong 1988;
Ostry et al. 1989; DeBell
1990; Zasada and Phipps
1990; Wang and van der
Kamp 1992; Wood 1992;
P. McAuliffe, pers.
comm., Dec. 1993;
Callan and Ring 1994;
Armstrong and Ives
1995; Callan 1995;
Canadian Forest Service
1995; Hiratsuka et al.
1995; B. Callan, pers.
comm., Nov. 1995; L.
Humble, pers. comm.,
Feb. 1996; Callan
(In␣ press).

The most common insects observed on cottonwood, balsam poplar, or hybrid
poplars are listed in Table 16. None of these insects currently causes economically
important damage to Populus, but defoliators such as tent caterpillars or the fall
webworm can cause very noticeable defoliation. There are no data to indicate differences
in insect susceptibility between black cottonwood and balsam poplar. Also, there is
insufficient experience to know whether plantations of hybrid poplars may eventually
experience insect attacks different from those in natural cottonwood or balsam poplar
stands. A reasonable approach for a forest manager would be to assume that any of
black cottonwood, balsam poplar, or hybrid poplars could be equally susceptible to
damage by any of the insects now known to be present on this group of Populus species.
Several animal pests can damage both cottonwood and hybrid poplar plantations.
Voles gnaw the bark and can girdle a stem, especially in plantations with grass
surrounding the stems. The damage they cause can occur both under and above snow.
Voles create the largest potential impediment to plantation establishment for native
cottonwoods and hybrid poplars. Beavers can also cause damage and can harvest small
patches of plantation trees. Black-tailed deer are considered a minor problem for browse
damage; Roosevelt elk can cause severe damage in plantations.
Mechanical damage to alluvial cottonwood stands occurs from wind and ice storms,
a frequent problem in coastal valleys. Mechanical damage to stems of young whips can
occur in young plantations from wind abrasion of the bark above the snow line. Older
stands often have signs of frost cracks and top damage followed by resprouting. Stems
can also show deformed shape. Broken tops and branches become entry courts for
decay fungi and accelerate the onset of heart and butt rots in cottonwood. Balsam
poplar suffers many similar types of mechanical damage from frost and erosion. As
well, river channel changes are capable of destroying significant areas of balsam
poplar␣ stands.
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4 MANAGING COTTONWOOD-BALSAM POPLAR IN
PURE STANDS
Based on the species’ ecological and silvical features, three main choices are
available for cottonwood–balsam poplar management:
•

to emphasize biomass production in pure stands of these subspecies;

•

to treat these subspecies as a component of mixedwood ecosystems; and

•

to encourage use of these subspecies as a non-timber resource.

Any one or more of these management alternatives may be applied within a
management area. This section focuses on the first of these three choices, in which
pure-stand Populus biomass production and perpetuation of cottonwood or balsam poplar
standing crop are the key objectives.

4.1 Natural Regeneration as the Choice Over Planting
Natural regeneration of
cottonwood is most
successful in areas where
cottonwood formed the
original stand from
which stump sprouts can
readily reproduce and
branch fragments take
root following logging.
Balsam poplar usually
produces more root
sprouts following logging
than␣ does␣ cottonwood.

•

In cottonwood and balsam poplar, natural regeneration from seed requires
sufficient areas of mineral soil exposed during the flowering season, and
soil moisture conditions conducive to seedling survival.

•

For reproductive capability, balsam poplar is one of the most versatile
members of the willow family, followed closely by cottonwood.

British Columbia now has province-wide guidelines for the selection of tree
species, developed to the level of site series. These guidelines allow foresters to evaluate
the ecological suitability of each tree species for regeneration, on a site series basis,
using three criteria: relative productivity of each tree species on each site series; relative
susceptibility of each tree species to natural hazards; and relative ability of each tree
species that is ecologically matched to a site series to produce sawlogs cost-effectively
within an acceptable rotation length. Assessed against these criteria each regeneration
candidate is classified as a primary, secondary, or tertiary species.
Broadleaf tree species are included in British Columbia’s species selection
guidelines but they are not ranked primary, secondary, or tertiary because they do not
fit the sawlog-oriented criterion. Broadleaf species are also not currently used to fulfill
basic silviculture obligations unless it is specified in an approved Land and Resource
Management Plan. Nevertheless, on many floodplain sites and some rich seepage sites
— notably where the potential for rapid production of woody biomass by broadleaf tree
species is very high, as is the risk of flooding and erosion — these species may be the
best to regenerate. There are also potential biodiversity benefits in many cases to
maintaining a broadleaf component in stands for which forest managers may be
developing silviculture prescriptions.
As described in Sections 3.5.1 and 3.5.2, cottonwood and balsam poplar can achieve
natural regeneration in many ways. Planting these subspecies should be reserved for
the special case of short-rotation hybrid poplar plantations (described in later sections)
or for infilling spotty occurrences of natural regeneration. Where stands being harvested
contain fewer than 100 well-spaced cottonwood stems per hectare, or no cottonwood at
all, stands can be established by whip planting. This has advantages and disadvantages
over natural regeneration. The main disadvantage is that planting costs are high.
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Fortunately, because the value of cottonwood is increasing, managers may be able to
justify such costs more readily. On the positive side, planting whips permits final spacing
to be carefully controlled, which means that plantations can be established to meet
spacing objectives for specific end products such as pulp logs or veneer. Under the
medium-rotation extensive culture system practiced by Scott Paper Limited, experience
has shown that no site preparation or stand tending is needed.
In the case of balsam poplar, new reproduction can occur in several ways: from
new stems originating from intact or broken roots; from preformed or adventitious
buds on stumps or at the base of trees; and from buried stems and branches. Segments
of stems of all sizes buried during logging can contribute to regeneration. For balsam
poplar, this capability offers little reason for planting except in particular circumstances,
and even then its capabilities are an advantage because, unlike aspen, it will readily
reproduce by unrooted stem cuttings. Clonal differences are a major source of variation
in rooting percentage and the number of primary roots produced by dormant cuttings.
Stem cuttings have been the main means of stand establishment for short-rotation
intensive culture of balsam poplar elsewhere, especially in the Lake States. In situations
where special circumstances may make it desirable to plant balsam poplar, there are
good opportunities for genetic improvement of yield, partly because this species has
characteristics that facilitate breeding, and because of the ease with which it can be
propagated by stem cuttings.
Stump sprouts breaking off at the stump, especially from taller stumps, have often
been observed. This suggests the need for better guidelines on preferred stump heights
for optimum sprout production.
Information Sources:
Klinka and Feller 1984;
Farmer 1990; McLennan
1990; Winship 1990;
McLennan and Mamias
1992; McAuliffe 1993;
Silviculture Interpretations Working Group
1993; Klinka et al. 1994.

In many instances, natural regeneration of cottonwood and balsam poplar is from
both seed and vegetative sources. An advantage of natural regeneration is the cost
factor; a major drawback is unevenness of spacing, which results in less than full site
utilization. Vegetative sprouts initially grow more rapidly than seedlings and will shade
out slower-growing individuals. Planting that uses wildling whips or nursery stock with
controlled spacing offers an alternative if local stock adapted to local growing conditions
is used. Planting also gives the forest manager the potential for manipulating stands to
enhance wildlife forage or habitat. After whip planting, stand tending is usually not
necessary except for fill planting. However, the choice of whip planting requires a
commitment to special care. Whips need to be carefully handled and properly stored
so that they are not desiccated at time of planting. As well, their buds must not be
flushed at planting time. Even with these precautions, some mortality of whips should
be expected.
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4.2 Desired Densities of Natural Regeneration to
Meet␣ Stocking␣ Standards

Stocking standards
for␣ British␣ Columbia’s
broadleaf species have not
yet been differentiated by
forest␣ region,␣ biogeoclimatic
zone, or site series to
the␣ same degree that
conifers␣ have.

•

Where there are fewer than 300 well-spaced cottonwood per hectare,
natural vegetative reproduction can be increased by logging early in the
year after the ground has thawed, and the soil is still moist, and before
spring growth begins. Under these conditions, movement of equipment
that presses broken cottonwood twigs into the ground will encourage
sprouting and rooting of the twigs.

•

If site conditions require planting to achieve the desired cottonwood
stocking — as in areas where there is already dense shrub cover or where
cottonwood is scarce in the original stand — planting results are best if
whips are 1.5–2.0 m tall.

Stocking standards for the Populus species covered in this handbook are
complicated. For a forest manager concerned with broadleaf species in pre-harvest
silviculture prescriptions, the simplest approach is to follow the Establishment to Free
Growing Guidebook, released in April 1995 under the Forest Practices Code of British
Columbia Act for each of the province’s six forest regions. Those six guidebooks simplify
the procedure by making virtually no distinctions between any forest region for broadleaf
free-growing stocking standard guidelines. The one distinction drawn is between coastal
broadleaf species (Table 17) and interior species (Table 18). In coastal British Columbia,
cottonwood destined for pulp production does have different suggested stocking
standards than red alder or bigleaf maple destined for sawlogs or pulp. In interior British
Columbia, stocking standards for balsam poplar and black cottonwood are the same.
In fact, however, for ecological and end-product reasons, stocking standards for
broadleaf species in British Columbia are more complicated than implied by the
provincially unified standards reproduced in Tables 17 and 18. There are several reasons
for this.
•

For coastal black cottonwood, it is necessar y to distinguish between
low-intensity and high-intensity silviculture of natural stands.

•

Differences exist between coastal and interior cottonwood.

•

Balsam poplar in northeastern British Columbia requires different silvicultural
considerations from coastal and interior cottonwood, as well as from its
companion aspen, because of expected differences in proposed end product.

•

Hybrid poplar plantations have stocking requirements different from naturally
occurring Populus stands in the province.

In the Kamloops and Cariboo forest regions, currently suggested stocking
standards for aspen intended for oriented strandboard end product (Table 19) are
considered to be applicable to both black cottonwood and paper birch in those forest
regions. For balsam poplar in the BWBS biogeoclimatic zone of the province (Table
20), stocking standards differ from those of aspen. The target total stems per hectare is
5000 for balsam poplar and 10 000 for aspen; the minimum total stems per hectare is
3000 for balsam poplar and 5000 for aspen; the target well-spaced stems per hectare is
1600 for balsam poplar and 2500 for aspen; and minimum well-spaced stems per hectare
being 1200 for balsam poplar and 2000 for aspen. The reasons for these dual standards
are not necessarily the ecological differences between aspen and balsam poplar,
but␣ more likely the fact that the draft 1994 broadleaf stocking standards were productrelated and pulp was included as an expected product for aspen but not for
balsam␣ poplar.
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Sawlogs
Pulp

Coastal black cottonwood

700
900

1200
1500
400
600

700
1200
400
500

600
1000

Stocking standards
(well-spaced stems/ha)c
TSSpa
MSSpa
MSSp

3
3

3
3

Regen.
delay
(yr)

5
5

5
5
8
8

8
8

Assessment
Early Late
(yr)
(yr)

2
2

2
2

Min.
inter-tree
distance

Tree species selection and free-growing stocking standard guidelinesb

c

1000
1200
2000

600

1000

1200

1200

1000

500

400

1000

800

400

400

4

4

4

4

9

9

9

9

12

12

12

12

Assessment
Early
Late
(yr)
(yr)

2

2

2

Min.
inter-tree
distance
(m)
2

150

150

150

150

% tree
over
brush

Cariboo, Kamloops, Nelson, Prince George, and Prince Rupert forest regions.
The minimum height for broadleaf trees is based on the minimum height of the tallest conifer for the site series. These standards apply to pure broadleaf stands
(black cottonwood, aspen, paper birch, and balsam poplar) for oriented strandboard and sawlog production objectives.
TSS - target stocking standards MSS - minimum stocking standards pa - preferred and acceptable p - preferred

600

Regen.
delay
(yr)

Tree species selection and free-growing stocking standard guidelinesb
Stocking standards
(well-spaced stems/ha)c
TSSpa
MSSpa
MSSp

Target from conifer standards
(stems/ha)
400

Broadleaf–Interiora

TABLE 18. Black cottonwood and balsam poplar free-growing stocking standard guidelines for interior British Columbia as specified
in the Establishment to Free Growing Guidebook (April 1995) under the Forest Practices Code of British Columbia Act

a
b

150
150

150
150

% tree
over
brush

Vancouver Forest Region and the CWH zone of the Prince Rupert Forest region.
The minimum height for broadleaf trees is based on the minimum height of the tallest conifer for the site series. These standards apply to pure broadleaf stands.
TSS - target stocking standards MSS - minimum stocking standards pa - preferred and acceptable p - preferred

Sawlogs
Pulp

Red alder and bigleaf maple

a
b
c

Product

Tree species

Broadleaf–Coasta

TABLE 17. Black cottonwood free-growing stocking standard guidelines for coastal British Columbia as specified in the Establishment to Free
Growing Guidebook (April 1995) under the Forest Practices Code of British Columbia Act

TABLE 19. Currently suggested stocking standards for interior cottonwood and paper birch as endorsed by the
Kamloops and Cariboo forest regions (Robinson 1994; Robinson and Eriksen 1994).These standards
are assumed to be the same as those for aspen intended for oriented strandboard end product.

Broadleaf stocking criteria
corresponding to varying conifer
stocking
400
stems/ha a

600
stems/ha a

1000
stems/ha

1200
stems/ha

Target total stems/ha

600

1000

1600

2000

Minimum preferred and acceptable
stems/ha at maximum regeneration
delay and at free-growing stage

400

500

1000

1200

400

400

800

1000

Minimum inter-tree distance

2.0 m

2.0 m

2.0 m

2.0 m

Minimum free-growing height

0.8 m

1.0 m

1.2 m

1.4 m

Maximum regeneration delay

7 yr

7 yr

7 yr

7 yr

% tree height over competing
vegetation b

125 or 150%

125 or 150%

125 or 150%

125 or 150%

Earliest free-growing date

12 yr

12 yr

12 yr

12 yr

Latest free-growing date

15 yr

15 yr

15 yr

15 yr

Minimum preferred stems/ha at
maximum regeneration delay and at
free-growing stage

a
b

Target Conifer Stocking

Pure deciduous regeneration is not normally expected on these site series.
This value is the same as for conifer stocking standards and is either 125% or 150%, depending on biogeoclimatic zone.
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TABLE 20. Currently suggested stocking standards for balsam poplar intended for plywood or
oriented strandboard end products, applicable only in the BWBS biogeoclimatic zone in
the Prince George and Prince Rupert forest regions (Robinson 1994; Robinson and
Eriksen 1994)

Balsam poplar stocking criteria

Stocking values

Target total stems/ha (natural regeneration) (FG)a

5000

Minimum total stems/ha (natural regeneration) (FG)

3000

Target well-spaced stems/ha (artificial regeneration) (FG)

1600b

Minimum well-spaced stems/ha (artificial regeneration) (FG)

1200b

Minimum free-growing height

1.3 mc

Minimum inter-tree distance (artificial regeneration)

2.0 mb

Target leader growth

45 cmd

Maximum regeneration delay

3 yearse

Earliest free-growing date

5 yearse
10 yearse

Latest free-growing date

125%f

% tree height over competing vegetation
a
b
c
d
e
f

FG = at the free-growing stage.
These values have not been operationally used and may need to be revised.
This is only a recommended figure as there are insufficient data for this value to be enforced.
For the year prior to free growing.
Suggested values based on existing standards and “expert” comments. These values may need
to be revised.
The present value is 150%. Acording to“expert” comments and the literature, 125% is sufficient.
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The 1600 target well-spaced stems per hectare and 1200 minimum well-spaced
stems per hectare shown in Table 20 for plywood seem very high because Table 21
shows a lower recommended target stocking for pulp as an end product. This subject
is still under debate, but it seems that if managers want to produce larger diameters for
plywood production, then it would be advantageous to use wider spacings than
recommended for pulp production.
In the April 1995 guidebooks for establishment to free-growing standards stocking
guidelines specific to site series and particular species are provided only for conifers.
For broadleaf species, stocking guidelines under the Forest Practices Code are not
specific to site series nor to biogeoclimatic variant, subzone, or zone. The only distinction
in broadleaf stocking standards is coast versus interior and, in the case of interior British
Columbia, there is no distinction by species. Black cottonwood, balsam poplar, aspen,
and white birch are considered as one.
The stocking standards suggested in Table 21 for extensive cottonwood
management in the Vancouver and Prince Rupert forest regions should be modified
where a manager decides to invest in intensive culture of naturally regenerated coastal
cottonwood or planted hybrids. In this context, intensive culture refers to sites that are
prepared, planted, and then weeded to reduce competition from non-crop species.
Stocking standards for such intensive cropping assume a rotation age of 7–10 years
with pulp as the intended product. One guideline for coastal sites is that if 900 whips
per hectare are planted, the target stocking should be 800 well-spaced stems per hectare
at the free-growing stage and 400 stems per hectare if the stand were left unharvested
for 25 years. It is important to note that sprouts from buried pieces of wood can produce
very dense natural regeneration (as high as 30 000 stems per hectare), but such stands
rapidly self-thin (Figure 14). The early high stocking of such stands can reduce height
and diameter growth of individual stems, which suggests that thinning is justified as
part of intensive cottonwood culture. Some suggest that best results are obtained if
such thinning is done no later than the fourth year. A key strategy is to establish a new
cottonwood crop immediately after harvest to get ahead of competing vegetation,
especially if a manager is planting whips as a mode of regeneration. Table 22 summarizes
current suggested stocking standards for intensive culture of naturally regenerated
cottonwood or hybrid poplars, based on pulp as an end product.
The experience of foresters with Scott Paper Limited indicates that there are
circumstances where plantation hybrid poplars are best managed under extensive rather
than intensive culture. In such cases, the target is 770–900 stems per hectare for rotations
of 15–25 years, with an expected leader growth of 1.5–2.0 m/year in the first few years
of growth. Under extensive culture, the appropriate stocking standards for hybrid
poplars would be those suggested for naturally regenerated black cottonwood in the
interior (Table 19) or on the coast (Table 21). However, stocking standards for extensive
management of hybrid poplars need to be flexible in order to adapt to differences in
site productivity and desired end product. Experience to date indicates that dense stands
of hybrid poplars will self-thin, although this ability varies by clone. Competition between
stems begins as early as age two. The practice at Scott Paper Limited is to weed in only
the few places where it is needed, generally involving about 10% of the area planted to
hybrid poplars. As with intensive culture, weed control is essential for at least 3 years
to prevent growth losses in desired crop trees.
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TABLE 21. Currently suggested stocking standards for black cottonwood under extensive silviculture in
the Vancouver and Prince Rupert forest regions, based on pulp as an
end product (Robinson 1994; Robinson and Eriksen 1994)

Black cottonwood stocking criteria

Stocking values

Target well-spaced stems/ha (artificial regeneration) (FG)a

800 - 900b

Minimum well-spaced stems/ha (artificial regeneration) (FG)

500 - 600b

Minimum free-growing height

1.3 mc

Minimum inter-tree distance (artificial regeneration)

2.0 m

Target leader growth

50 cm c

Maximum regeneration delay

1-3 yearsd

Earliest free-growing date

2-5 yearse

Latest free-growing date

8 years
125%f

% tree height over competing vegetation
a
b
c
d
e
f

FG = at the free-growing stage.
Depending on preference of Forest District.
This is only a recommended figure as there are insufficient data for this value to be enforced.
Depending on whether artificially or naturally regenerated and also on proximity to pulp mill.
Depending on regeneration delay.
Values of 110–150% were suggested; 125% is proposed as a guideline.
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TABLE 22.

Currently suggested stocking standards for naturally regenerated black cottonwood or
hybrid poplars under intensive silviculture in coastal British Columbia, based on pulp
as an end product (Robinson 1994; Robinson and Eriksen 1994)

Stocking criteria for intensive culture
of cottonwood or hybrid poplars

Stocking values

Target well-spaced stems/ha (FG)a

1100 - 1540b

Minimum well-spaced stems/ha (FG)

1000 - 1400c
Not applicabled

Minimum free-growing height
Minimum inter-tree distance

2.5 - 3.0 m

Target leader growth

150 cme

Maximum regeneration delay

1 yearf

Earliest free-growing date

1 yeard

Latest free-growing date

1 yeard
Not applicabled

% tree height over competing vegetation
a
b
c

d
e
f

FG = at the free-growing stage.
This range is based on site productivity and a manager’s preference. These figures are the numbers of stems
planted and are equal to the target number at the free-growing stage.
This range is also based on site productivity and a manager’s preference. Note that targets and minimums are
similar because the number of trees harvested is expected to be only slightly less than the number of stems
planted.
If plantations are intensively managed, they are expected to be free growing as soon as they are planted.
Leader growth can be as much as 3m/yr under intensive culture in British Columbia.
If cottonwood or hybrid poplars are planted later than 1 year after harvest, plantation failure is likely because of
competition from non-crop vegetation.
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A current guideline for extensive management of hybrid poplars is 370 stems per
hectare if sawlogs are desired and 730 stems per hectare if a mix of sawlogs and pulp
logs is desired. If there are fewer than 300 well-spaced cottonwood stems per hectare,
natural regeneration can be enhanced by harvesting early in the year after the frost is
out of the ground but while the soil is still moist and before spring growth begins. At
that time of year, movement of equipment over the ground can help stimulate vegetative
reproduction from broken branch and stem fragments.
For all the standards presented in Tables 17–22 we emphasize that it is not always
clear what variables are meant to be covered by the term “stocking standards.” In
British Columbia, progress to date to define stocking standards for broadleaf species
has centred on refinements of the Correlated Guidelines for Tree Species Selection (First
Approximation) and Stocking Standards (Second Approximation) for the Ecosystems of
British Columbia, prepared by the Silviculture Interpretations Working Group (1993).
Therefore, stocking standards include the following subjects: species acceptability;
definition of a free-growing tree or stand; minimum target stems per hectare at the
free-growing stage; minimum height; minimum inter-tree distance; target leader growth;
acceptable regeneration delay, earliest and latest acceptable free-growing dates; and
percentage by which tree height exceeds competing vegetation. Experience to date
indicates that the most important goal is to keep broadleaf stocking standards flexible
so as to meet a variety of timber and integrated resource management objectives.
Broadleaf stocking standards could differ for pulp, plywood, lumber, or oriented
strandboard end products. This suggests that managers should work backwards from
the anticipated product end use, desired piece size, crown width, and quality of stemwood
as criteria to define different stocking standards for the different desired raw materials.
In the Cariboo and Kamloops forest regions, the stocking standards proposed for
black cottonwood are the same as those for paper birch and aspen. On site series where
target conifer stocking is 400, 600, 1000, or 1200 stems per hectare, the corresponding
target cottonwood stocking is 600, 1000, 1600, or 2000 stems per hectare, respectively.
Other broadleaf stocking criteria corresponding to the four target conifer stocking
levels are listed in Table 19. These interim standards were developed jointly by the
Cariboo and Kamloops forest regions mainly for oriented strandboard end product.
They are considered to be applicable to the Prince Rupert and Nelson forest regions
and the Sub-boreal Spruce and Interior Cedar–Hemlock biogeoclimatic zones in the
Prince George Forest Region. These broadleaf stocking standards are for single-species
stands. Mixedwood stocking standards are planned as a future task.
Information Sources:
McAuliffe 1989;
McLennan and Mamias
1992; Silviculture
Interpretations Working
Group 1993; Canadian
Forest Service 1994;
Robinson 1994;
Robinson and Eriksen
1994; B.C. Ministry of
Forests and B.C.
Ministry␣ of␣ Environment,
Lands and Parks 1995a.

The current Ministry of Forests stocking standards for broadleaf species in British
Columbia seem to be adequate and should continue to be used. Important provisos are
that these standards:
•

apply only to timber resource end products;

•

are restricted to broadleaf stands of a single species;

•

have not been well tested with respect to free-growing criteria;

•

have no specified maximum broadleaf densities (maximum number of stems per
hectare) under the latest version of the Silviculture Practices Regulation as there
are for conifers; and

•

do not yet have specific criteria to define a “healthy” potential broadleaf crop tree.
The last condition is important because it is a basic assumption for all conifers
and broadleaves that a tree classified as free-growing be healthy.
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4.3 Spacing and Thinning in Cottonwood–Balsam
Poplar␣ Management

Debate continues
about␣ thinning and
spacing regimes for
British Columbia’s
broadleaf species. For
example, the desired
maxima for broadleaf
species densities are
not␣ yet agreed upon.

Information Sources:
Smith 1957, 1980; Smith
and Blom 1970; Armson
and Smith 1978; Heilman
and Ekuan 1979; DeBell
1990; McLennan and
Mamias 1992; Niemiec
et al. 1995; P. McAuliffe,
pers. comm., Sep. 1995.

•

Managers should decide on a spacing regime that produces optimal growth
while maintaining the benefits of crowding in young cottonwood stands.
Moderate crowding produces rapid crown closure, which suppresses
competing vegetation and eliminates the need for further vegetation
management treatments.

•

Sanitation thinnings carried out before the four th year increase
productivity of coastal cottonwood and hybrid poplars, but the large
numbers of stems make this a costly treatment. There is also evidence
that response from pre-commercial thinning in stands between 5 and
12␣ years of age is only limited.

Although cottonwood in coastal British Columbia is often not well spaced in natural
stands, it does have the potential to regenerate naturally adequate stocking and then,
like balsam poplar and aspen, tends to self-thin very effectively. If assisted thinning is
carried out for sawlog or veneer production, moderate crowding is desirable to maintain
stem form, reduce branching and forking, and accelerate self-pruning.
For the extensive management approach developed by Scott Paper Limited for
cottonwood in coastal British Columbia, 300 well-spaced stems per hectare is a rule of
thumb. This figure is more related to assuring cottonwood’s vegetative regeneration
potential than to achieving spacing that would maximize stem production. If, in stands
with a significant component of cottonwood, there are fewer than 300 stems per hectare,
deliberate working-in of tops and branches will help to re-establish a well-stocked
broadleaf stand. For restocking purposes, 800–900 stems per hectare is a recently used
target by Scott Paper Limited, with a goal of 400 stems per hectare for pulpwood harvest
at rotation age 25 years. Where there is overstocking of cottonwood, early sanitation
thinning accelerates height and diameter growth if the thinning is done before the
fourth␣ year.
For reasons just outlined there is still debate about thinning and spacing in coastal
broadleaf stands. For example, wildlife managers have urged alluvial site forest
managers to aim for reduced densities of cottonwood and Sitka spruce to encourage
greater densities of shrubs and other understory species that are important for grizzlies
and other wildlife. Spacing to meet that wildlife habitat requirement will prevail in many
cases, but does not seem worthwhile for cottonwood stem biomass production.
Cottonwood thins itself naturally very well, and spacing increases the risk of windfall.
In most cases it will be a local decision as to whether there is any wildlife, biodiversity,
or stem biomass production reason for silviculturally altering naturally produced
cottonwood spacing on a management area.
Research to date has not given managers clear guidelines about the best spacing
for cottonwood. Early work by Smith (1957) in British Columbia indicated that
cottonwood initially spaced at 9.1 x 9.1 m showed 30–75% greater growth than those
spaced at 1.8 x 1.8 m. However, a spacing trial in Washington State indicated better
cottonwood height and diameter growth at 3.7 x 3.7 m spacing than at 3.0 x 9.1 m or 6.1
x 9.1 m spacing. More detailed local information is needed on this subject before
managers can apply specific rules to cottonwood–balsam poplar spacing.
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4.4 Nurser y Production, Planting, and Early Care
of␣ Plantations

Highest growth potential
of hybrid poplar plantations requires agricultural management
regimes that completely
prepare sites, control
competing vegetation,
and control nutrient
status through fertilization programs.

•

Superior early growth rates in the nursery and disease resistance are two
of the first goals in production of quality planting stock, but subsequent
performance in a plantation environment and genotype-environment
interactions are also important concerns for the manager.

•

Planting cottonwood or balsam poplar normally involves whips, which
are branches without roots and from which side branchlets have been
removed. Cottonwood and balsam poplar whips can be obtained from
stump sprouts, with the side branches pruned of f.

As of June 15, 1995, the Tree Cone, Seed and Vegetative Material Regulation
(Sections 2, 3, 4, and 5) under the Forest Practices Code of British Columbia Act
determines how a manager collects, registers, processes, and disposes of propagation
material. Broadleaf species such as black cottonwood and balsam poplar are not exempt
from these regulations. The transfer guidelines for exotic provenances, reproduced in
the Seed and Vegetative Material Guidebook, recommend that use of hybrid poplar
cuttings be restricted to those clones that are identified by the Ministry of Forests as
suitable for use in British Columbia. Use of exotic hybrid poplars should be restricted
on the coast to sites below 400 m within the wetter subzone of the CWH biogeoclimatic
zone, and in the interior to sites south of 52° 00' and below 700 m.
Nursery operations for production of cottonwood or balsam poplar planting
material are still limited in British Columbia, but well-developed techniques are known,
from the past cottonwood-related operations in the province and from other worldwide
experience with nursery production of Populus hybrids. A nursery operations flowchart
developed by Scott Paper Limited for British Columbia cottonwood production is
reproduced in Figure 24. Material for planting is typically in the form of unrooted whips.
Cottonwood plantations can be established by long (1–2 m) or short (20–50 cm) branch
cuttings, an adaptability that indicates the reliable vegetative sprouting of this subspecies.
Cottonwood whips are best if collected 2–6 weeks before planting and before any
leaves␣ have developed. Obtaining whips early and storing them in black plastic bags at
2–5° C for 2–4 weeks softens stem bark and promotes root formation. Best results are
obtained when whips are planted after frost is out of the ground but before the stock
begins to leaf out and grow. If stock is held for longer than 4 weeks, it should be stored
at -2° C.
To maximize radial diameter growth, one of the most important steps is to
encourage development of stem buds (branches) that have not experienced over-winter
dormancy (these are referred to as sylleptic branches). These biomass producers are
important because their photosynthetic products go directly to stemwood formation.
The total amount of biomass allocated to stems in relation to total above-ground biomass
(referred to as harvest index) is influenced by the production from sylleptic branches.
Most growth features are controlled partly by genetics and partly by environmental
influences, but date of spring leaf flush is almost totally under genetic control. This is
important for selection of appropriate hybrid planting material because tolerance to
spring frost is closely tied to date of spring leaf flush.
Site preparation is not usually a concern for foresters involved with extensive
management of cottonwood–balsam poplar because of rapid and usually adequate
natural regeneration. However, for nursery production and establishment of high-yield,
short-rotation plantations, agricultural-like site preparation is required.
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Date

Activity

June

clear and stump

July

herbicide spray

September

plow and disk

April–May

banded fertilizer (14-29-5) + Mg, S – “corn starter”
cultivate

establishment of panel beds

plant 30 cm cuttings at 30 x 30 cm
in panels of nine trees across

sawdust mulch

May–September

weed, irrigate, fertilize, spray for pest control
(as required)

January

prune back side branches

February–March

harvest 1.5 m whips

Cold storage
make into cuttings

April

cut back stools and burn slash

May

dig up panels after 6 or 7 years

May–September

fallow crop for green manure

FIGURE 24.

Operational planting
program

Nursery operations flowchart developed by Scott Paper Limited for black cottonwood production
(McAuliffe 1993).
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The key steps in poplar plantation management are: definition of site requirements;
site preparation; propagation of planting stock; planting; weed control; protection of
the plantation; and the application of various intensive silvicultural steps, such as
thinning, pruning, fertilization, irrigation, and possibly intercropping.

Information Sources:
Ronald and Steele 1974;
Dickmann and Stuart
1983; Carlson 1990;
McLennan and Mamias
1992; Mitchell et al.
1992; McAuliffe 1993; T.
Bradshaw, pers. comm.,
July 1994; R. Stettler,
pers. comm., July 1994;
B.C. Ministry of Forests
and B.C. Ministry of
Environment, Lands and
Parks 1995b, 1995e; P.
McAuliffe, pers. comm.,
Sep. 1995.

Although much of black cottonwood’s geographic range is in British Columbia,
very little of this genetic resource has been collected from British Columbia sources to
create hybrid poplars. The University of Washington hybrid poplar breeding project
remains as the main source of two- and three-way interspecific hybrid clones, including
crosses of : Populus trichocarpa x deltoides (TxD); P. trichocarpa x maximowiczii (TxM);
and {P. trichocarpa x deltoides} x maximowiczii ({TxD}xM). The largest collection of
hybrid poplar clones in British Columbia is at the Kalamalka Research Station and
Seed Orchard in Vernon where there are over 100 clones in the clonebank and stoolbeds.
Growth and adaptation trials in British Columbia’s interior and coastal sites have revealed
that most TxD clones tested appear to be cold hardy at least to 4 years. In general, the
TxD hybrids have more rapid early growth than most other hybrids tested to date in
British Columbia. The TxD clones are the first choice for commercial planting on the
Fraser River floodplain; a mixture of TxD and Populus euramericana hybrids are
favoured for the Skeena River system stoolbeds developed near Prince Rupert. Near
Vernon, TxD hybrids grown under irrigation with municipal wastewater have the
potential to reach merchantable size (25 cm dbh, 20 m tall) in 8–10 years.
Genetic contamination of natural cottonwood from nearby hybrid cottonwood
plantations is not yet a management concern. Ways to avoid introduction of hybrid
genes into nearby native populations of cottonwoods include: placing plantations away
from stream edges to avoid downstream movement of hybrid biomass that has sprouting
potential; surrounding plantations with buffers of sterile triploid cottonwoods; and
harvesting at age 7 or less before there is much seed production. As well there are
some naturally assured genetic barriers in cases where hybrid poplars flower at different
times than native cottonwoods.

4.5 Management to Enhance Cottonwood–Balsam Poplar
Stem␣ Production
Control of spacing and
use of hybrids are more
likely silvicultural tools
than fertilization because
of␣ a␣ perception that sites
good for cottonwood have
good nutrient and soil
moisture status. However,
recent␣ analyses suggest
that even the␣ best sites
could benefit from
fertilization, especially
in␣ the first␣ year.

•

In mixedwood stands, choice of har vesting method is a key tool available
to the manager who wishes to encourage subsequent production of
cottonwood or balsam poplar.

•

Despite a lack of current interest in widespread broadcast fertilization of
Populus-dominated stands, trials have shown the growth benefits of
irrigation and fertilization with municipal wastewater on a local scale.

No single optimal spacing for cottonwood has been defined, but a variety of
spacings has been recommended. It is known that diameter growth is responsive to
increased growing space. Management should therefore target a spacing regime that
produces optimal growth while maintaining benefits from crowding in young cottonwood
stands. Moderate crowding produces rapid crown closure (in 2–4 years), which
suppresses competing vegetation and eliminates the need for further vegetation
management treatments. Typical spacings for pulpwood rotation range from 1.8 x 1.8␣ m
to 2.1 x 3.0 m, distances that accommodate tractors. Longer rotations require thinning
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to maintain diameter growth. A target stocking of 800–900 stems per hectare is
commonly suggested with the expectation that half that many cottonwood stems will
remain at rotation age of 25 years.
The technique most commonly considered for enhancement of Populus stem
production is to introduce vigorous hybrids into intensively managed plantations. Scott
Paper Limited data from British Columbia demonstrate the height, diameter, volume,
and mean annual increment improvements possible when hybrid poplars are compared
with black cottonwood under extensive management (Figure 25).

Information Sources:
McAuliffe 1989;
Carlson 1991, 1992;
van Oosten 1991.

Recent work on the coast indicated that even on the Ss – Salmonberry site series
(where the highest cottonwood indices occur — over 25 m at age 15), there is evidence
that both phosphorus and potassium are limiting to tree growth. This implies that
fertilization would increase yields even on the most productive sites. Another example
comes from the experimental irrigation with municipal wastewater at the Kalamalka
Research Station and Seed Orchard, which illustrates the potential for localized
acceleration of Populus stem biomass production. In spring 1986, 22 clones of
P.␣ trichocarpa x P. deltoides from the Washington State breeding program were planted
at 1 x 1 m spacing, using 10-week-old greenhouse container-grown rooted cuttings.
Wastewater irrigation was applied at rates that provided about 158 kg nitrogen, 60 kg
phosphorus, and 120 kg potassium per hectare over five growing seasons from 1986 to
1990. The original plantation density of 10 000 stems per hectare was reduced to about
1100 stems per hectare by the fifth growing season, at which time the best clones
averaged 11.5 cm dbh and 14 m height. That impressive growth was aided by a
wastewater irrigation rate of 30 cm in year 1 increasing to 75 cm in year 5. A density of
1100 stems per hectare is also the target density chosen by MacMillan Bloedel Ltd. for
hybrid poplar field trials on Vancouver Island and in the Powell River area, with a target
rotation of 15 years.

4.6 Management to Reduce Damaging Agents and to Maintain
Forest Health
Many fungi have been
observed on balsam
poplar and black
cottonwood but only a
few␣ cause most of the
damage. Six fungi
cause␣ significant losses
in␣ cottonwood and an
approximately similar
number cause decay in
balsam poplar.

•

Although a wide range of diseases and insects affects cottonwoods and
hybrid poplars, few seriously affect thriving stands of cottonwood.

•

Stem decay increases with age in black cottonwood, but occurs at a much
slower rate than for balsam poplar. In the Fort Nelson area, black
cottonwood as old as 150 years has been observed to be sound throughout
the stem.

The genetics of disease resistance among cottonwood hybrids, compared to that
among native black cottonwood, is not yet well understood. British Columbia poplar
plantation managers are already concerned about diseases that have infected large
areas of hybrid poplars in Washington and Oregon. This threat is being countered by
selection and testing of clones that appear to have greater disease resistance. In the
meantime, the best approach for the manager is to avoid establishment of large
plantations of a single clone.
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FIGURE 25.

Example of hybrid growth and yield gains based on comparison of black cottonwood under extensive
management versus two hybrid poplars under intensive management on alluvial islands in the Fraser
River valley, British Columbia (Hybrid 11 = Populus trichocarpa x P. deltoides; NE41 = P. maximowitzii
x P. trichocarpa), from Scott Paper Limited as reported in McLennan and Mamias (1992).
73

Vancouver Island field trials with P. trichocarpa x P. deltoides hybrids revealed
that some clones of this hybrid are very susceptible to Venturia populina blight. However,
no other major disease problems were evident in the first 5 years of hybrid plantation
development. On Vancouver Island, one necessary expenditure is the fencing of all
plantations for at least 4 years to avoid losses of plantation cottonwood to black-tailed
deer and Roosevelt elk.
The guidelines on aspen and balsam poplar decay management in Alberta
(Hiratsuka and Loman 1984), although not directly applicable to coastal and alluvial
floodplain cottonwood in British Columbia, do apply to upland balsam poplar in much
of British Columbia. Among these are the following directions:

Information Sources:
Thomas and Podmore
1953; Hiratsuka and
Loman 1984; Ives and
Wong 1988; Ostry et al.
1989; Peterson et al.
1989; van Oosten 1991;
McLennan and Mamias
1992; T. Bradshaw, pers.
comm., July 1994;
Hiratsuka et al. 1995;
Callan (in press).

•

Identification and mapping of decay-free clones in accessible aspen and balsam
poplar stands is important and should have high priority.

•

Any balsam poplar or aspen improvement program should include the degree of
clonal decay resistance as an important selection criterion.

•

Research involving the utilization of various stem components with significant
amounts of decay should be encouraged. Research involving extractable cellulose and hemicellulose from balsam poplar and aspen with advanced decay would
also be useful.

•

As decay is only one of several factors determining the marketability of a specific
product, decay research should be integrated into studies of all other factors that
contribute to the marketability of a specific product.

•

When more intensive management of aspen and balsam poplar is considered,
important biological aspects such as microbial succession leading to advanced
decay, the modes and sites of decay organism infection, and the nature and heritability of clonal decay resistance should be investigated.

Managers of British Columbia Populus species have handbooks on insects likely
to attack balsam poplar and black cottonwood (such as Ives and Wong 1988 and Ostry
et al. 1989), and decay organisms involving balsam poplar (such as Hiratsuka and Loman
1984 and Hiratsuka et al. 1995). In preparation is a Canadian Forest Service, Pacific
and Yukon Region, publication on the common poplar diseases in British Columbia.
Animals can significantly hinder cottonwood and hybrid poplar plantation
establishment. Voles and mice can cause serious girdling damage on grassy or
herbaceous sites, beaver often remove trees for food or dam building, and elk, moose,
and deer can damage plantings by their browsing and antler rubbing. Some measures
for protection or prevention of such damage, such as fencing or use of individual collars
to protect stems, may be necessary in areas where losses are severe.
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4.7 Role of Short Rotations in Cottonwood–Balsam
Poplar␣ Management

For Populus trichocarpa
– P.␣ deltoides hybrid
plantations, rotations
could be as short as
1␣ year for biomass energy
production and up to
20␣ years for amenity
plantings␣ in␣ campgrounds.␣
Other commercial␣ uses
involve intermediate
rotation lengths
(5–8␣ years for pulp and
12–15 years for veneer,
oriented strandboard,
and lumber). In practice,
nearly all short rotations
today are still 15 years
or␣ longer.

•

Among native tree species, black cottonwood and balsam poplar are the
fastest-growing trees in British Columbia, although interspecific hybrids
involving black cottonwood are even faster growing.

•

Low cost and ease of establishment for cottonwood compared to conifers,
and the prospect of high yields over short rotations, suggest that
management of black cottonwood has promise in British Columbia.

Although exceptionally short rotations are possible for fibre production, today’s
more realistic short rotations are usually 15 years or more. Some examples of high
yields in Populus species at ages 20–25 years are provided in Table 23 and high rates of
biomass production in the first 4 years of growth are shown in Table 24. Examples of
short-rotation hybrid poplar plantations in the eastern Fraser River lowland are shown
in Figure 26.
There is a broad range of current research interest in the ecophysiology of shortrotation forestry crops. Results of this research that are of practical value to the manager
centre on: maximizing productivity; ensuring sustainability of successive crops and
biomass accumulation rates; and producing woody biomass in a form that can be easily
harvested and efficiently used. Crown development is very important for two reasons.
It can be controlled by management practices, and crown structure influences several
key processes such as light interception, nutrient cycling, regulation of water retention
and water loss, and gaseous exchange with the atmosphere. Most of these canopycontrolled processes are directly correlated with yield.
Specialists in short-rotation forest crops stress that the greatest challenges, and
the greatest unknowns, are how to sustain the high yields known to be possible with
genetically superior stock. This is as true for cottonwood–balsam poplar as it is for
other species that have potential for shor t-rotation cropping. Many of the
ecophysiological processes involved are complex, and long-term impacts of shortrotation cropping are still not clear. The steps that appear to be the most promising for
today’s plantation managers include maintaining a good nutritional status on the
plantation site, making alterations to the site such as ground preparation, and changing
stem densities and canopy structure. Such modifications are typically more influential
if they involve genetic improvement of the planting stock. Because of the short breeding
cycles possible with poplars, yield increases resulting from genetic gains can be realized
in a relatively short time. Clones can be replaced by more productive ones without
waiting for decades, and plantation managers have a chance to stay ahead of disease
and insect problems if genetically resistant strains become available for replacement of
non-resistant genotypes in plantations.
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southwest
B.C.

western
Washington
Fraser River
Skeena River
Mississippi River
Mississippi River
Germany

McLennan (1991)

Murray and Harrington
(1983)
Mahon (1966)
Bunce (1990)
Bunce (1990)
Krinard and Johnson (1984)
cited in Smith (1957)

Populus balsamifera
ssp. trichocarpa

Populus balsamifera
ssp. trichocarpa

Populus balsamifera
ssp. trichocarpa

Populus balsamifera
ssp. trichocarpa

Populus deltoides

Populus deltoides

a
b
c
d
e
f
g

Site Class 1
Site Class II
Site Class III

floodplain

unknown

floodplain

floodplain

floodplain

Ss - Salmonberry
Act - Willow
Act - Red-osier dogwood
Cw - Foamflower
“Gleysolic”

Site

Site index, height (m) at age 25
Site index, height (m) at age 24
Site index, height (m) at age 20
Yield, m3 /ha at age 24
Yield, m3 /ha at age 20
Yield, m3 /ha at age 25 to 10 cm top
Yield, m3 /ha at age 20 to 10.2 cm top, ranging from merchantable (240 m3 /ha) to total (247 m3 /ha) at 2.44 x 2.74 m spacing

Populus nigra

Location

Source

Species

229e
255f
380f
240-247g
no data
no data
no data

26.2 c
22.2 a
32.9 a
32.3 c
33.1 a
27.8 a
22.8 a

no data
no data
no data
no data
no data
505d

a
a
a
a
a

Yield
(at ages specified
in footnotes)

36.0 b

33.5
21.3
31.0
22.3
22.3

Site index
(at ages specified
in footnotes)

TABLE 23. Comparisons of height growth and yield of black cottonwood and other poplars grown on short rotations in British Columbia,
Washington, the Mississippi River valley, and Germany (McLennan and Mamias 1992)

Poplars figure prominently in today’s acronyms related to short rotations, such
as SRWC (short-rotation woody crops) and SRIC (short-rotation intensive culture).
For example, the 4000 ha of hybrid poplar planted as part of the Lower Columbia River
Fiber Farm by James River Corporation produced the first harvestable biomass in 1992.
This experience revealed five prerequisites to SRWC:
•

suitable lands for establishing the desired short-rotation tree crops;

•

availability of improved genetic materials to justify use of intensified culture
techniques and high-quality land;

•

agricultural production techniques for planting and tending trees;

•

availability of specialized harvesting and processing systems; and

•

planting, tending, and harvesting approaches that are compatible with the environment.

One possible reason that the James River Corporation poplar hybrid plantations
have been so successful in adapting agricultural production methods to tree growing is
that the company started with personnel trained in farm management rather than in
forest␣ management.
MacMillan Bloedel Ltd.’s 1994 creation of a Poplar Farms Division is British
Columbia’s latest commitment to short-rotation intensive culture using agricultural
methods. After 400 different hybrids were tested between 1987 and 1993, the 25 best
ones were selected. These involved various combinations of native black cottonwood,
eastern cottonwood, Japanese poplar, and, to a lesser degree, European poplar. Yields
must be high for this program to work. The present plan is to plant 1100–1200 stems
per hectare with a goal of 20–25 cm diameter and 21 m height by age 10. An attraction
is that with a target stocking of 800 stems per hectare on a 25-year pulpwood rotation,
yields could be as high as 300–400 m3 per hectare at age 25.

FIGURE 26.

Examples of short-rotation hybrid poplar plantations in the eastern
Fraser River lowland, British Columbia.
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To prepare a site, clearing, levelling, and subsoiling are carried out. Subsoiling
improves soil drainage and aeration, lessens compaction, and allows better root
development. Orchard-type planting is used and small farm equipment is used to weed
between rows in the first couple of years. Trees are pruned in year 1 and fertilization
begins in year 3. Harvesting costs are expected to be relatively low as the evenly spaced
stems and nearly level ground will facilitate the use of mechanical harvesters. Individual
plantations are planned for a minimum size of about 16 ha, or 10 ha if several plantations
can be nested near each other.
Some advantages and disadvantages of short rotations can be summarized as
follows:
Advantages

Disadvantages

Opportunity to maximize biomass yield by
harvesting when mean annual increment
is maximized
Opportunity to have frequent return of
dense vegetative-origin stands of value to
browsing species

Risk of nutrient depletion by frequent
removal of nutrient-rich biomass
Uncertainty about long-term supply of bud
banks for vegetative reproduction if
harvesting is at short intervals
Loss of opportunities for diverse wildlife
habitats and biodiversity values that are
associated with pure broadleaf stands
aged 30 years or more

Information Sources:

Rapid return on investment compared
with rotations of 80 years or more for
conifers

McLennan and Mamias
1992; Mitchell et al.
1992; Wright 1992;
Canadian Forest Service
1994; R. Stettler, pers.
comm., July 1994;
Patrick 1995; Truck
Logger 1995.

Short-rotation management does not rule out retention of islands and corridors
of snags and other wildlife trees, nor retention of patches of old-growth broadleaf species.
Where the goal is to maintain a diversity of broadleaf stand-age classes close to each
other for wildlife habitat diversity purposes, some vegetative-origin stands may be
cropped on very short rotations. This treatment could ensure a constant supply of
young stands where desired, without requiring that mature stands be cut to create new
areas of vegetative regeneration.
TABLE 24.

Mean and periodic annual biomass production of pure cottonwood
and mixed cottonwood-alder in the first 4 years of growth (Heilman
and Stettler 1985)
Biomass production
Year 1

Year 2

Year 3

Year 4

–——————— Mg/ha per year ————————
0.5 ab
5.2 b
12.3 a
16.7 a
0.5 a’
10.5 b’
26.0 a’
30.0 a’

Cottonwood

MAIa
PAIa

Mixed
cottonwood/alder

MAI

0.6 a

6.2 a

12.3 a

15.9 b

PAI

0.6 a’

11.7 a’

24.7 a’

26.7 b’

a
b

Mean annual increment and periodic annual increment
Means in columns not followed by the same letter designation are significantly different
according to Duncan’s multiple range test at P ≥ 0.005. The apostrophes after a and b in the
PAI rows signify that separate Duncan’s multiple range tests were done for MAI and PAI
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4.8 Cottonwood–Balsam Poplar Features of Importance to the
Private Woodlot Manager

In northern British
Columbia and in
Alberta, most attention
has focused on aspen for
woodlots. Earlier studies
found that woodlots are
not likely to be viable
ventures by themselves,
but that in conjunction
with existing farm
operations they offer
some possibilities.

•

Broadleaf woodlots have good capacity to renew themselves and to increase
tree growth and quality of forest products through intensive forest
management.

•

Woodlots can be managed on a multiple-use basis to meet a variety of
landowner objectives and also contribute to industrial and societal needs.

Interest in private woodlots across Canada is growing. Collectively, private
woodlots represent 9% of Canada’s forest land base and owners across the country
number about 420 000. Most woodlots occur east of Manitoba, but woodlot associations
have grown quickly during the past few years in Manitoba, Saskatchewan, and British
Columbia. In 1988, the Canadian Federation of Woodlot Owners was formed. Apart
from the income derived from wood for sale, woodlots can also provide firewood for
the owner’s use as well as opportunities to enhance wildlife, recreation, and conservation.
The Poplar Farms Division of MacMillan Bloedel Ltd. is a recent example of active
promotion of short-rotation intensive culture of hybrid poplars on both the company’s
private land and in cooperation with other interested landowners. For the small private
landowner, the shared benefits of producing commercial poplar under agricultural
conditions include: use and improvement of marginal agricultural land; keeping of land
in agricultural production, thereby protecting the integrity of rural communities;
opportunities for innovative land stewardship; and provision of alternative crop choices
and income opportunities for farmers. The systematic planting of poplars on suitable
farmland sites can, in many cases, improve land by draining and levelling it, breaking
up the subsoil, and building up the organic matter. The intensive agricultural approach
recommended for hybrid poplar farms typically includes fencing, subsoiling, weeding
for the first 2 or 3 years of the rotation, pruning, and fertilizing
MacMillan Bloedel’s current plan is to establish poplar farms on about 7000 ha,
half of it leased from local farmers and other landowners. Prime candidates for such
poplar production include alluvial sites on river floodplains, moist but well-drained upland
sites that have available groundwater through the growing season, and other highly
productive sites where rapid regrowth of brush species makes it difficult to manage
other crops.
At present, MacMillan Bloedel offers interested landowners two management
options. One is a lease program in which the company leases the land and manages the
crop. The landowners can opt for direct lease revenue or may supplement that revenue
by doing some of the work, such as weeding. Alternatively, a landowner assistance
program is available in which the company provides planting stock and management
expertise. The landowner carries the cost of establishing and maintaining the poplar
farm, receiving revenue when the crop is har vested. As of summer 1995, about
20␣ landowners were involved in these programs.
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In sites with advanced shrub development or heavy logging residue, if cottonwood
establishment is the woodlot owner’s goal, it is relatively easy to get sprouts (whips)
suitable for planting. Whips can be cut from the tops of small trees or from stump
sprouts and the side branches pruned off. Cottonwood whips should be collected
2–6␣ weeks before planting, while leaves are off and plants are dormant. They should be
1.5 –2.0 m long. The first year performance of whips can be improved by cutting them
early and storing them at 2–5° C in black plastic bags for 2–4 weeks. This will soften
the stem bark and cause roots to begin to grow. After this treatment, whips should be
planted in early spring after the frost is out of the ground.

Information Sources:
Blouin and Peddle 1994;
Canadian Forest Service
1994; D.A. Westworth &
Associates Ltd. 1994;
Massie et al. 1994;
Sanders 1994; Shainsky
et al. 1994; MacMillan
Bloedel Ltd. 1995;
Patrick 1995.

Whips do well on recently logged or cleared sites as long as brush is not already
controlling the site. Managers should expect a very high survival rate (90–100%) from
whip planting. Therefore, for a target stocking of 800 stems per hectare about 800–900
whips per hectare should initially be planted. Another attraction for private woodlot
owners is that, in general, cottonwood can be managed without relying on chemical
brush control. Once established, cottonwood has the advantage of such rapid height
growth that it is usually not overtopped by any other species.
Woodlot owners also have the opportunity to decrease pest infestations, stem
decay diseases, and fire hazard. As well they can take steps to attract wildlife, maintain
water quality and soil productivity, and increase the value of the land. In many areas,
broadleaf trees offer these benefits and their own particular beauty as a contrast to
pure coniferous stands.
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5 MANAGING COTTONWOOD-BALSAM POPLAR IN
MIXED-SPECIES STANDS
As a result of this century’s forest harvesting patterns, fires, and other land-use
activities, British Columbia’s broadleaf species typically occur geographically, and in
local settings in coexistence, with coniferous species. Therefore, it is difficult for today’s
forest managers to separate management of pure stands of one broadleaf species from
mixed stands of two or more broadleaf species, or from mixed broadleaf-conifer stands.
The silviculture prescription options thus range from reducing the broadleaf species
where they are not wanted, to using them as nurse crops for desired coniferous crop
trees, or in ways that promote biodiversity, wildlife habitat, and riparian values. For all
of these options, forest managers are likely to find the best returns for their efforts and
silvicultural expenditures if the key guideline is to encourage a range of locally adapted
tree species as the main ecosystem management goal. The exception is where there is
a land management decision to focus on wood fibre production of short-rotation
plantations of Populus hybrids on very productive alluvial sites.
Opportunities for commercial utilization of broadleaf species such as cottonwood,
balsam poplar, aspen, red alder, paper birch, and bigleaf maple are expected to expand
over the next decade. This will increase the need for highly selective brushing treatments
that do not damage desirable broadleaf crops. In addition, the growth of mixtures of
coniferous and broadleaf species within individual stands or in separate stands within
forests and watersheds will increase in response to interest in managing for biodiversity.
We need to improve our understanding of the nature and outcome of interactions
between species in mixed stands.

Information Sources:
Comeau and Boateng
1992; Simard and
Vyse␣ 1992.

Except for high-yield hybrid poplar management, use of existing stands forms
the basis for most of today’s cottonwood and balsam poplar pure-stand or mixedwood
management. In mixedwood stands with as few as 120 well-spaced cottonwood per
hectare, logging will likely result in some natural regeneration to cottonwood. It is in
mixedwood circumstances that decisions may be required about encouraging or
reducing the amount of cottonwood or balsam poplar in the conifer-Populus
regeneration␣ mix.
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5.1 Controlling or Reducing Cottonwood and Balsam Poplar
Where They are Not Wanted

Although some herbicide
treatments can effectively
reduce cottonwood and
balsam poplar as
competing species for
conifers, it is very
difficult to eradicate
Populus from a site.

•

Cottonwood and balsam poplar, like British Columbia’s other main
broadleaf trees, are not effectively controlled by manual brushing. Stem
girdling can be effective but does not act as quickly as herbicides, nor
does it eliminate subsequent suckering.

•

The degree of control achieved by herbicides depends on single versus
multiple treatments, season of treatment (late growth season, dormant
season, or at the pre-har vest stage), and moisture status of the site.

Herbicides are recognized as the most effective tool available to foresters for
controlling unwanted vegetation. Trials in British Columbia have demonstrated that
herbicides can be used in all seasons for forest vegetation control, but each herbicide
produces a particular set of results in each season. Research to date indicates that the
bioherbicide, Chondrostereum purpureum, is relatively ineffective when applied to black
cottonwood. Herbicide trials summarized by Biring et al. (1996), in which balsam poplar
or black cottonwood experienced very severe injury (90–100% of plant kill), revealed
the following. The most effective herbicides for control of balsam poplar include soil
application of hexazinone in the dormant season and stem application of glyphosate in
all seasons. The greatest black cottonwood mortality results from cut-stump applications
of glyphosate and triclopyr ester, or basal bark applications of triclopyr ester.
Rates of recommended application are as follows:
•

Soil application of hexazinone: Use undiluted hexazinone (240g/L) by applying
2–4 ml per spot near base of balsam poplar to be removed.

•

Stem application of glyphosate: Use 1 ml of full strength glyphosate injected into
stem of balsam poplar to be removed.

•

Cut stump application of glyphosate and triclopyr: Use full strength glyphosate
applied to a freshly cut stump to prevent resprouting of black cottonwood. Use
20–30% herbicide solution of triclopyr ester (trade name Release®) diluted in
diesel␣ or mineral oil for releasing conifers from black cottonwood competition.

•

Basal bark application of triclopyr: Use 1–5% (volume basis) of triclopyr ester
(trade name Release®) in diesel oil, spraying the base of each unwanted black
cottonwood stem from a height of 50 cm down to the root collar, until there is
surface runoff of the triclopyr solution.

Information Sources:
McAuliffe 1989;
Haeussler et al. 1990;
Biring et al. 1996;
Wall 1996.
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5.2 Replacement of Cottonwood–Balsam Poplar with Conifers

A non-herbicidal method
to control brush is to use
black cottonwood as
nurse trees to create
shade that suppresses
shade-intolerant shrubs
and thereby favours
the␣ underplanting of
shade-tolerant conifers.

•

In northeastern British Columbia and in Alberta, approaches to protect
the conifer understor y in mixed stands of white spruce–aspen–balsam
poplar is the most favoured option for replacing balsam poplar with conifer
upland balsam poplar management.

•

In coastal British Columbia, the nurse tree method of brush control for
western redcedar, using black cottonwood as a nurse crop, appears to be
an effective option.

Mixedwood silviculture is not well advanced for the Populus species of British
Columbia. On the coast most attention has focused on black cottonwood–western
redcedar relations. Nurse-tree shelterwood systems are a possible method to regenerate
conifers without using herbicides or severely affecting other resource uses on alluvial
floodplains, especially on sites with high brush hazard which can be composed of various
species combinations depending on local climate and site. The nurse-tree shelterwood
system mimics the natural succession occurring on sites where shade-tolerant conifers
regenerate in the shade of broadleaf canopies and where shade-intolerant brush species
gradually decrease in growth and vigour. Cottonwood-cedar relationships are referred
to again in Section 5.3
For balsam poplar in northeastern British Columbia, it is assumed that many of
the relationships known for white spruce–aspen mixedwoods also apply to mixed stands
where balsam poplar is present instead of aspen, or where balsam poplar, aspen, and
white spruce coexist in the same stand. Research data from the northeast part of the
province confirm that aspen canopies create temperature and moisture conditions
amenable to white spruce germination and seedling establishment. Total height and
vegetative competition are greater for white spruce seedlings where no broadleaf
residuals are present, suggesting that aspen or balsam poplar residuals reduce the
growth of planted white spruce. However, the initial poor growth of underplanted spruce
may be outweighed by long-term growth performance. Until this is confirmed,
underplanting spruce in broadleaf stands should be used cautiously.
One approach is to make local decisions on which forest sites are best for boreal
broadleaf species, spruce, or mixed stands within the context of the whole forest (e.g.,
an entire Timber Supply Area). In areas that are identified to be managed as
mixedwoods, it is important to plan according to the natural successional trend in which
the total volume and overall proportion of conifers progressively increase as mixedwood
stands develop. In contrast to conifers, the volume of boreal broadleaf species tends to
peak at about 90 years of age on poor and fair sites and at about 80 years of age on good
sites. This characteristic has important management implications. For example,
managers may wish to enhance the value of the conifer component in mixedwood stands.
To use northeastern British Columbia as an example, there is now considerable
experience with stand-tending methods to release spruce from broadleaf competition.
Some guidelines for that objective are as follows:
•

Present information suggests at least a 35% increase in merchantable white spruce
volume if aspen or balsam poplar is removed in a diameter around each spruce
tree sufficient to allow normal white spruce crown development. If the silvicultural
cost of such broadleaf species removal can be justified, release of spruce from
broadleaf competition may be a viable forest management option.
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Information Sources:
McLennan and Klinka
1990; Kabzems and
Lousier 1992;
Enns et al. 1993.

•

The greatest growth response for white spruce released from broadleaf competition as described above appears to be in the 20- to 40-year-old spruce age class.

•

White spruce over 75 years old does not respond well to release from aspen or
balsam poplar overstory.

•

Gross total yields of well-stocked mixedwood stands are not changed significantly
by release treatments. However, growth is concentrated on the conifers, usually
the preferred species.

•

Understory white spruce must be at least 2.5 m tall to stay ahead of new aspen or
balsam poplar sucker growth and shrub competition that follows a single manual
release treatment.

•

If white spruce seedlings are less than 2.5 m tall at the time of aspen or balsam
poplar removal, sufficient to free the white spruce crown, the spruce will probably require at least one additional treatment to reduce broadleaf competition.
Otherwise, aspen or balsam poplar will regrow into the opening.

Successfully protecting the understory, regardless of the equipment used requires:
an adequate stand inventory that includes the amount and distribution of spruce
understory; equipment and harvesting patterns to match stand and site conditions;
planning and pre-locating skid trails, landings, and protective features such as rub
stumps in relation to understory density and distribution; and adequate crew training
and supervision.

5.3 Cottonwood–Balsam Poplar Influences on Conifers and
Circumstances Where These Broadleaf Species Should Be
Favoured Over Conifers

Experimental studies
suggest that 2.5 x 2.5␣ m
spacing would be the most
suitable for mixed planting of black cottonwood
and western redcedar.

•

On sites where brush creates severe competition for planted conifers,
cottonwood can usually outgrow competing brush. In such circumstances,
instead of tr ying to control brush to encourage conifers, it may be better
to plant cottonwood.

•

Recent experimental data from southwestern British Columbia indicate
that black cottonwood can be a useful nurse crop to control brush density
in areas where western redcedar is the desired crop tree, provided there
is good first- and second-year survival of black cottonwood whips. Where
it is possible to achieve a cottonwood canopy cover of 80% by age 10, the
cover and vigour of shrubs that compete with cedar will decrease. In
such circumstances the best growth of cedar is in a zone between 1.5
and 2.5 m of the nearest cottonwood.

Existing information suggests that western redcedar can be regenerated on sites
with high brush hazard by imitating natural processes of species recruitment. This
approach involves encouraging a broadleaf canopy that suppresses growth of shadeintolerant shrubs sufficiently to give conditions for the survival and growth of conifers.
As an early successional subspecies, cottonwood occupies available sites rapidly and
dies out at a relatively young age. Use of cottonwoods as nurse species to regenerate
shade-tolerant conifers on high brush hazard sites takes advantage of this natural
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successional process. Height-age relationships for black cottonwood and western
redcedar in a 10-year-old operational plantation are shown in Figure 27. Projected zones
of minimum growth suppression of western redcedar under a canopy of 10-year-old
black cottonwood are illustrated in Figure 28.
Information Sources:

In some coastal British Columbia ecosystems, there are silvicultural concerns
about brush species that compete with planted conifers. One alternative to herbicidal
removal of brush is to use rapidly growing black cottonwood to create shade that
suppresses shade-intolerant shrubs, thereby favouring the underplanting of shadetolerant conifers. This approach is referred to as the nurse-tree regeneration method.

McLennan and Klinka
1990; McLennan
and␣ Mamias 1992;
Banner et al. 1993.
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FIGURE 27.

Height-age relationships for black cottonwood and western redcedar in a 10-year-old operational
plantation (McLennan and Klinka 1990).
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FIGURE 28.

Projection of the zone of minimum growth suppression for western redcedar under the canopy of 10year-old black cottonwood, based on 2.5 m spacing for both black cottonwood and western redcedar
and growth rates characteristic for the CWHxm subzone, Ss – Salmonberry site series (McLennan
and Klinka 1990).

5.4 Managing Cottonwood with Alder and in Other Mixed
Deciduous Stands

Both black cottonwood
and alder are very
sensitive to shade
and␣ competition. At
the␣ relatively high total
densities needed for short
rotations, determination
of the appropriate
proportion for alder
may␣ be difficult.

•

There may be a place for cottonwood mixed with alder to improve yield in
intensive short-rotation pulpwood culture, though alder pulp is less
valuable than that of cottonwood.

•

The results of mixed cottonwood-alder trials have varied greatly depending
on relative growth of cottonwood versus alder. The key is to determine
the site factors limiting growth.

Black cottonwood in coastal British Columbia is often mixed with other broadleaf
species, most commonly alder and bigleaf maple, with lesser amounts of willow, paper
birch, and cherry. Cottonwood is the only species that consistently grows faster than
alder on alluvial sites, though bigleaf maple stump sprouts can shade out adjacent alder
seedlings. Alder is often the predominant species, with mixed components of the other
broadleaf species. A common occurrence in moist lowlands is predominantly alder
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stands with scattered large cottonwood of the same age or large bigleaf maple left from
previous forests. The large maple and cottonwood provide an important habitat
component for wildlife species that utilize larger living or dead wood that is otherwise
rare or unavailable in alder stands.
Mixed stands of cottonwood and red alder are expected to benefit from alder’s
contribution to site nutrient capital and long-term productivity. In experimental plantings
of black cottonwood and red alder on a uniform site, a harvest at age 4 years revealed
average tree heights of 10.2 m for cottonwood grown in pure stands, 8.4 m for alder
grown in pure stands, and cottonwood average height of 11.0 m at age 4 when grown in
mixture with alder. At the end of the first year, the alder and cottonwood were about
equal in height but at the end of 4 years, height of alder averaged 2.6 m less than the
associated cottonwood. Despite cottonwood mixed with alder being taller than
cottonwood in pure stands at age 4, average biomass yield after 4 years was greater in
pure stands than in mixed stands (Table 24). The patterns of mean annual increment
(MAI) and periodic annual increment (PAI) show higher yield from the mixed planting
in the first 2 years. However, in the third year, PAI of pure cottonwood surpassed PAI of
the mixed stand. Consequently MAI and PAI were greater for the pure stand in the
fourth year. This change in relative productivity probably results from the declining
growth rate of alder. Because of the low nitrogen fixation by overtopped red alder,
there seems to be little justification for closely spaced mixtures of red alder and
cottonwoods. More widely spaced planting arrangements for the cottonwood should
reduce the shading of the alder and increase nitrogen fixation. Such plantations will be
advantageous on soils low in nitrogen and for longer rotations. This indicates that
managers may be able to grow a small component of cottonwood (50–100 trees per
hectare) in otherwise alder-dominated stands.
In upland areas of northeastern British Columbia and western Alberta, balsam
poplar is geographically commonly associated with aspen, but there is typically some
site differentiation in their relative abundances. Wet depressions are more likely to be
occupied by balsam poplar than by aspen. Therefore, cutblocks that have substantial
areas left unharvested because of excessive soil moisture are commonly dominated by
balsam poplar. The effect is that on an area basis, balsam poplar makes up a higher
proportion of residual standing stems than was the case before harvesting. In the early
phases of harvesting for oriented strandboard production, this tendency was further
intensified by preferential harvest of aspen, with balsam poplar left standing even on
sites that had no harvesting limitations because of excessive soil moisture (Figure 29).
One suggested approach is to identify wet depressions during silviculture prescription
and to leave these as uncut areas of green-tree retention. These wet areas commonly
do not regenerate readily to aspen, and the retained islands of mature trees — usually
balsam poplar — assist with transpirational removal of water from the wet sites, as well
as providing wildlife habitat and biodiversity benefits.
The recent tendency to bypass balsam poplar and to harvest mainly aspen for
oriented strandboard production has raised concerns about possible negative effects
upon aspen reproduction as a result of depressed soil temperatures under the shade of
residual balsam poplars. Furthermore, the retention of balsam poplar when aspen is
harvested raises questions about the overall effects on post-harvest aspen stand
development, growth, and yield. Some information is available from west-central Alberta
where aspen regeneration within and adjacent to clumps of balsam poplar residuals
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Information Sources:
Heilman and Stettler
1985; McLennan and
Mamias 1992; Peterson
and Peterson 1992;
Binkley et al. 1994;
Hibbs and DeBell 1994;
Navratil et al. 1994;
Shainsky et al. 1994;
Comeau et al. 1995;
Navratil 1995.

FIGURE 29.

was observed 4–6 years after harvesting. Effects varied with sizes of the balsam poplar
clumps. In the largest clump (of 117 balsam poplar trees), aspen sucker density was
56% less inside the poplar clump than outside. With small clumps, ranging from 7 to 35
balsam poplar trees, there were no significant differences in aspen sucker density inside
and outside the clumps. The effects on growth rates of aspen suckers were minimal
and were noted only inside the largest poplar clumps. Areas inside the clumps and up
to 15 m out from the edges of clumps had balsam poplar sucker densities ranging from
1000 to 5800 stems per hectare. This represented about 10% of the broadleaf suckers
recorded 4–6 years after harvest. Although balsam poplar clumps of more than about
35 stems can reduce aspen sucker density within the clumps, the current management
recommendation in western Alberta is to continue leaving balsam poplar clumps uncut
because their benefits for supporting ungulates and cavity-nesters, and for reducing
the effects of rising water tables after harvesting, outweigh any likely reductions in
density and growth of aspen suckers.

Residual balsam poplar after all aspen stems have been harvested, near Dawson Creek, British Columbia.
Subsequent management steps for residual balsam poplar stands of this kind are not yet well defined.
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6 MANAGING COTTONWOOD-BALSAM POPLAR
FOR NON-TIMBER RESOURCE USES
Management of cottonwood, red alder, and other broadleaf species has increased
markedly in the last decade and will continue to do so, a trend supported by both
economic and ecological factors. This section focuses on the contribution of cottonwood
and balsam poplar to biodiversity, wildlife habitat, riparian values, and integrated
resource management.

6.1 Managing Cottonwood–Balsam Poplar to Enhance Wildlife
Habitat and Forest Biodiversity

Cottonwood stands on
alluvial floodplains are
important foraging areas
for grizzly bear, black
bear, Roosevelt elk, and
black-tailed deer in
coastal British Columbia,
and for moose and mule
deer in the interior.

•

Current land management guidelines in the Prince Rupert Forest Region
stress that cottonwood management can influence preferred habitats of
pileated woodpecker, beaver, fisher, moose, and snowshoe hare.

•

Large-diameter live cottonwood and balsam poplar are good candidates
to retain for future snags. Management to promote future snags is often
best done in patches such as green-tree retention areas and along riparian
corridors. Windfirm trees that have the potential to grow until they are at
least 25 cm dbh are the best candidates to leave as future snags. Anecdotal
obser vations indicate that minimum diameter criteria developed for
wildlife trees on the coast may not be appropriate for interior regions
where smaller-diameter trees show wildlife usage.

Wildlife values of black cottonwood and balsam poplar are derived from:standing
live trees that retain dead branches of substantial diameter (Figure 30); dead standing
snags that provide a gradual exposure of decayed wood for cavity-nesting opportunities
(Figure 31); and dead down coarse woody debris of high biodiversity value (Figure␣ 32).
Recent observations in the Cariboo and Prince George forest regions indicate that
wildlife tree use of broadleaf species not only exceeds wildlife use of conifers, but that
use of live broadleaf species by cavity nesters is sometimes even greater than use of
broadleaf snags.
Cottonwood-associated wildlife species that are of particular concern during
silvicultural planning and timber harvesting are as follows:
•

Pileated woodpeckers are common residents of mature coniferous and mixed
forests. They use coniferous and deciduous trees for nest cavities, and need trees
at least 25 cm dbh — but preferably over 50 cm dbh — for nesting.

•

Beaver use riparian deciduous forests and willow shrublands, with highest densities in low-gradient streams and sheltered lakes where there are plenty of deciduous trees under 10 cm dbh.

•

Fisher are secondary users of cavities in large cottonwoods, mainly in summer
when they use riparian areas, pole-sapling forests, and mixed forests.

•

During severe winters, moose are dependent on mature deciduous and mixed
forests for feeding and shelter. In summer, moose also use wetland and riparian
areas that have a dense deciduous cover.

•

Snowshoe hare prefer brush fields or deciduous mixed forests that have willow
understory.
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FIGURE 30.

Live black cottonwood with relatively large-diameter dead branches that add value to these stems as
wildlife trees.

FIGURE 31.

Dead standing snag of black cottonwood with relatively lengthy bark retention which provides a
gradual exposure of cavity-nesting sites.
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FIGURE 32.

Dead down coarse woody cottonwood biomass of high biodiversity value.

In British Columbia’s current approach to silviculture prescriptions, “leave trees”
retained for wildlife purposes typically have specifications such as: broadleaf species;
patches around raptor nests; patches of poor-quality trees with deformities; veteran
trees; trees in riparian and wetland areas; patches of trees in areas that are difficult or
uneconomical to harvest, such as steep gullies or wet depressions; and patches of
merchantable trees in uniform blocks. Cottonwood and balsam poplar frequently qualify
for one or more of the first six specifications listed above, perhaps more so than any
other of British Columbia’s tree species. For naturally occurring cottonwood and balsam
poplar, it is only the seventh listed specification — merchantable trees in uniform blocks
— for which conifers likely play a bigger role than broadleaf species as leave trees.
Cottonwood and balsam poplar are recognized as significant components of
riparian zones, where they provide distinct structure and habitat edge with special
value for wildlife. Although cottonwoods and balsam poplar experience decay at much
earlier ages than conifers, they provide particular habitats for wildlife as snags, wildlife
trees, and down woody material that provide shelter, cover, and cavities for birds and
mammals (see Tables 25 and 26, and Figures 30, 31, and 32). Where cottonwood, balsam
poplar, willow, and aspen occur, they are heavily used by such species as woodpeckers.
In British Columbia and the Pacific Northwest, several bird species are primary cavity
nesters in riparian cottonwoods, including owls, hummingbirds, starlings, sapsuckers,
flickers, veerys, orioles, grosbeaks, and vireos; and several mammal species are
secondary cavity users, including opossum, raccoon, fisher, and spotted skunk.
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TABLE 25. British Columbia animal species with habitat requirements that can be influenced by
management, harvesting, and regeneration of ecosystems where Populus species are
prominent (Meidinger and Pojar 1991; McLennan and Mamias 1992; Massie et al. 1994).

Category

Species

Primary cavity nesters

Lewis’ Woodpecker, Pileated Woodpecker, Hairy Woodpecker, Northern Flicker,
Yellow-bellied Sapsucker, Red-naped Sapsucker, Red-breasted Sapsucker, and
Downy Woodpecker

Secondary cavity nesters

Barrow’s Goldeneye, Bufflehead, Common Goldeneye, Common Merganser,
Hooded Merganser, Wood Duck, Western Screech-owl, Boreal Owl, Northern Sawwhet Owl, and Tree Swallow

Common nesters

Great Horned Owl, Bald Eagle, Great Blue Heron, Osprey, Mourning Dove, Ruffed
Grouse, Cooper’s Hawk, and Red-eyed Vireo

Small mammals

Northern long-eared myotis, Pacific water shrew, Southern red bat, and Pacific
jumping mouse

Large mammals

Grizzly bear, Black bear, Moose, Roosevelt elk, Mule deer, and White-tailed deer

Furbearers

Bobcat, Mink, Ermine, and River otter

Reptiles and amphibians

Clouded salamander, Giant salamander, Long-toed salamander, Painted turtle,
Western toad, Canadian toad, Striped chorus frog, Wood frog, and Tailed frog

The following is a collective list of animal species that are known to occur in ecosystems
where black cottonwood or balsam poplar occur.
Bald Eagle
Great Blue Heron
Lewis’ Woodpecker
Barrow’s Goldeneye
Bufflehead
Mourning Dove
Wood Duck
Cooper’s Hawk
Great Horned Owl
American Kestrel
Northern Goshawk
Long-eared Owl
Western Screech Owl
Northern Flicker
Red-naped Sapsucker
Yellow-bellied Sapsucker
Red-breasted Sapsucker
Downy Woodpecker

Red-eyed Vireo
House Wren
Ovenbird
Pileated Woodpecker
Hairy Woodpecker
Common Goldeneye
Common Merganser
Hooded Merganser
Boreal Owl
Northern Saw-whet Owl
Tree Swallow
Osprey
Ruffed Grouse
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Roosevelt elk
Pacific water shrew
Southern red bat
Grizzly bear
Beaver
Bobcat
Mule deer
White-tailed deer
Hoary, Silver-haired, other myotis bats
Porcupine
River otter
Ermine
Mink
Black bear
Moose
Pacific jumping mouse
Northern long-eared myotis

TABLE 26. Wildlife species in British Columbia using or dependent on black cottonwood and balsam poplar in
mixed or pure stands (based on Enns et al. 1993). Ranking of species is based on B.C. Ministry of
Environment, Lands and Parks (1991). Red-listed species are endangered or threatened, blue-listed
species are considered vulnerable and “at risk,” and yellow-listed species are species actively managed
at a population level.

Species
Red-listed birds

Use of cottonwood or balsam poplar

Management concern

None

None

Blue-listed birds
Bald Eagle

Nest trees usually deciduous (Populus spp.)
in interior and often deciduous, mostly
cottonwood, on the coast.

Cottonwood harvesting in coastal habitat may
affect nest and roost tree requirements.

Great Blue Heron

Most common nest trees are cottonwood
(interior) and red alder (coast).

Cottonwood harvesting on coast and on alluvial
floodplains may affect rookeries; protection and
identification of rookeries needed.

Green-backed Heron

Riparian cottonwoods part of habitat.

Harvesting may disturb habitat require-ments;
response to disturbance poorly known.

Lewis’ Woodpecker

Black cottonwood provides 30% of all nest
trees; primary cavity excavator that
provides nest holes for secondary users.

Mixedwood and riparian cottonwood utili-zation
may conflict with habitat use.

Barrow’s Goldeneye

Aspen and cottonwood common nest trees;
minimum dbh is 50 cm.

Planning for future large-stemmed trees
necessary.

Bufflehead

Secondary nest trees after aspen are
cottonwood and balsam poplar; minimum
dbh is 38 cm; nests in cavities excavated by
Northern Flicker.

Adequate buffer strips around lakes in breeding
habitat.

Hooded Merganser

Breeding habitat is freshwater wooded
shorelines where deciduous and coniferous
tree cavities used; minimum dbh is 38 cm.

Adequate buffer strips around lakes in breeding
habitat.

Mourning Dove

Breeding habitat and roosts include
deciduous woodlands (cottonwood and red
alder).

Alluvial cottonwood utilization may affect
habitat.

Sharp-tailed Grouse

Preferred year-round habitat is lowlands
adjacent to open woodlands which in
northeast B.C. is young seral deciduous.

Requires deciduous riparian areas in valley
bottoms for winter; may be compatible with mix
of crop rotations.

Wood Duck

Breeding habitat is mature deciduous
woodlands adjacent to ponds and slowmoving rivers. Secondary cavity nester,
uses Pileated Woodpecker nest holes,
mainly in Populus spp., red alder, and
bigleaf maple.

Harvesting in riparian areas may affect habitat;
cottonwood leave strips recommended.

Yellow-listed birds
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TABLE 26. Continued

Species

Use of cottonwood or balsam poplar

Management concern

Red-listed mammals

Some bat species (Fringed
myotis, Keen’s long-eared
myotis, Townsend’s big-eared
bat)

Require deciduous riparian habitat and
insect sources.

Riparian harvesting may affect habitat and
feeding; poorly understood.

Cottonwood stands included in primary
habitat with red alder.
.
Roosts in and forages above cottonwoods in
range in southern B.C.

Protection of broadleaf species in riparian
zones.

Forages in seral and maturing cottonwoods
and red alder with rich shrub understories.

Openings should be maintained in riparian
zones.

Aspen is primary dam and lodge
construction species but will also use other
broadleaf species, including cottonwood.
.
In northeast B.C., seral aspen and
cottonwood used for forage; cottonwood
with aspen and alder provide early
successional forage species.
.
Forages in early seral aspen and
cottonwood.

Protection of shore areas that serve as beaver
habitat.

Moose

Balsam poplar is one of moose’s deciduous
browse species, especially early
successional stages.

Shelter patches should be left within cutovers.

Bobcat

Part of habitat requirements includes
riparian cottonwood (areas of high
productivity and high small mammal
density).

Alluvial and lakeside harvesting could ultimately
affect habitat utilization; otherwise, low potential
conflicts with broadleaf management.

Ermine

Habitat requirements include deciduous
forests

Low potential conflicts with broadleaf
management.

Fisher

Some secondary use of nesting cavities in
deciduous trees.

May be compatible with mix of rotations over
local ranges

Blue-listed mammals
Pacific water shrew
Southern red bat
Grizzly bear

Inventory and habitat use by bats are in need of
study.

Yellow-listed mammals
Beaver

Mule deer

White-tailed deer
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Encouragement of a mosaic of small cuts and
leave blocks.

May be compatible with mixed rotations.

Black cottonwood trees are used extensively in British Columbia as eagle roost
trees. They can offer the necessary height, diameter, growth form, and nearness to
water and available food required by eagles. Eagles nest along waterways, sites where
cottonwood or balsam poplar are also found. On the coast, old-growth conifers and
cottonwoods provide communal night roost near some concentrated food sources. For
example, large concentrations of eagles feed on salmon in the Squamish, Harrison,
and Qualicum river areas. Eagles use cottonwoods for daytime perching, especially in
winter. Winter roosts, because of their specific vegetative characteristics and their rare
and localized status, need to be identified, deferred from harvest, and protected from
disturbance. Cottonwood in the Squamish River valley near Brackendale is an example
of prime winter roosting habitat for bald eagles. The annual count at that location in
early January 1994 recorded 3766 eagles, making this North America’s largest known
winter concentration area for bald eagles. In such circumstances, cottonwood clearly
fills a special wildlife habitat role that needs to be recognized by managers of alluvial
and floodplain ecosystems. The Nechako River, which has been under regulated flow
for several decades, is an example of a British Columbia alluvial ecosystem where there
is now a lack of eagle nest trees because existing cottonwood–balsam poplar stands
are breaking up and new stands of these Populus subspecies are not regenerating. On
Carey Island, in the Fraser Valley downstream from Agassiz, Scott Paper Limited became
the first firm to preserve communal eagle night roosts and to adjust logging to reduce
disturbance to eagles.
Managers should give special attention to retention of wildlife trees in floodplain
ecosystems. Wildlife trees are standing dead or live trees with special characteristics
(such as current use by wildlife, large diameter and height for the site, and relative
scarcity) and structural complexity (such as well-branched, presence of rot, good height
amongst surrounding vegetation, and broadleaves or conifers with hard and soft stems).
They provide denning, shelter, nesting, roosting, and foraging for birds, mammals,
and other wildlife. The manager has three options: green-tree retention, leave patches
of wildlife trees, and wildlife tree creation. Wildlife tree patches can be designated on a
temporary basis for wildlife trees judged a safety risk for forest workers. Such patches
can range in size from an area with a single wildlife tree, to several hectares with many
wildlife trees, both live and dead. Wildlife trees can be created by high-cutting stumps
to create “stubs” which then provide structure in subsequent second-growth forests
and eventually coarse woody debris (Figure 32). Good candidates for stubs are trees
exhibiting some defect or rot such as canker, scar, or conk in the lower bole.
Pathogens have been suggested as important agents of diversity where
cottonwood and other broadleaf species intermix with conifers. There are secondary
influences on wildlife as a result of these pathogens. For example, in the Interior Cedar–
Hemlock zone, patches of mixedwood forest are often large root disease centres, mainly
for Armillaria ostoyae and Phellinus weirii. Since these pathogens spread very slowly,
such root disease centres are probably very old, possibly 100 or more years. These two
pathogens survive fires and other major stand-destroying events as mycelium in stumps
and roots, and invade the regeneration that follows as new roots come in contact with
the buried inoculum. From there, the pathogens spread from tree to tree. The result in
the infected areas is a mixed forest in which the more disease-resistant broadleaf species
such as cottonwood, birch, and aspen assume a dominant position. The combination of
cover in the surrounding conifer stands and browse available in the root disease centres
may provide near-optimum conditions for moose and deer. Also, these root diseases
create a constant supply of snags in all stages of deterioration, providing essential habitat
for cavity-nesting birds. The latter, in turn, may play a role in insect population regulation
both in the disease centres and in the surrounding forests. Other forest features are
also modified in root disease centres.
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In summary, the forest manager should recognize that the root diseases create
special habitats that may favour plant and animal species not well adapted to living in
dense, even-aged coniferous stands.

Information Sources:
Thomas 1979; Hamilton
and Archibald 1986;
Cannings et al. 1987;
Green and Salter 1987;
Kochanski 1987;
Schofield 1989; Nyberg
et al. 1990; Bryant et al.
1991 and 1992; Kuhnlein
and Turner 1991;
Meidinger and Pojar
1991; van der Kamp
1991; Backhouse 1993;
Banner et al. 1993;
Bunnell et al. 1993; Enns
et al. 1993; Klenner and
Kremsater 1993; Blood
and Anweiler 1994;
Telfer 1994; Lee 1995;
Obee 1995; Peterson and
Peterson 1995; D.
Lousier, pers. comm.,
Aug. 1995.

Deciduous trees in a largely coniferous landscape provide habitat diversity that
is exploited by many wildlife species. Many songbirds, such as warblers, vireos, and
flycatchers, preferentially use deciduous trees rather than conifers as foraging and
nesting areas. Some primary cavity nesters prefer deciduous species to conifers because
cavity excavation in stems of broadleaf species is easier than in conifers, and some
species of insect are associated only with deciduous species. Cottonwood and aspen
are particularly important in this regard because mature trees of this genus frequently
have heart rot. The significance of cottonwood and balsam poplar for maintaining wildlife
through the conservation of important wildlife habitats and habitat components is
particularly evident in estuarine and riparian locations. Deciduous trees in riparian and
adjacent areas are a required habitat component for beaver, regarded as a keystone
species for its role in creating valuable habitat for many other wildlife species.
In certain situations, livestock can interact with cottonwood and balsam poplar to
the detriment of the two subspecies. In these circumstances, the suggestions made in
the Aspen Managers’ Handbook for British Columbia for integration of livestock use
with aspen are relevant:
•

Remove obstacles and hazards such as high stumps and slash.

•

Seed forage species to increase the quantity and quality of grazing.

•

Use fences to direct cattle to desired cutblocks, and to control unwanted foraging.

The emphasis in this handbook is on production of Populus wood fibre and the
role of Populus in provision of protective measures for wildlife, riparian ecosystems,
biodiversity, and integrated resource management. Although not discussed in detail
here, these broadleaf species also provide culturally important raw materials. For
example, balsam poplar’s biodiversity values include a wide variety of craft, food, and
medicinal uses. Specific examples are: use of catkins as early spring sources of vitamin
C; use of cambium as a food; medicinal use of buds to produce Balm of Gilead; extraction
of salicin and populin for pain relief, antiseptic, and liniment; and use of poplar wood
ashes to aid cleaning and as a substitute for baking soda.
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6.2 Managing Cottonwood–Balsam Poplar to Meet the Goals of
Integrated Resource Management

Low fluvial benches that
are subject to prolonged
annual flooding, often
of␣ high velocity, are
examples of sites where
“no management” is
the␣ best choice for
black␣ cottonwood or
balsam poplar.

Information Sources:
McLennan and Mamias
1992; Navratil et al. 1994.

•

On alluvial floodplains, the ease and low cost of establishing cottonwoods,
plus severe conifer regeneration problems and integrated resource
management concerns, indicate that cottonwood may often be the
preferred subspecies in alluvial ecosystems and that cottonwood
management systems will increase in the future.

•

There is growing awareness of the potential to manage cottonwoods for
fibre production in proximity to important fish and wildlife areas in ways
that can protect non-timber resource values.

Development of suitable habitat conditions for all native plant species present in
an area is recommended as the best way to conserve biodiversity. In this respect, forest
types that are often less common than coniferous types, such as cottonwood, balsam
poplar, birch, aspen, alder, and maple stands, should be maintained over the rotation.
Retaining clumps of balsam poplar during aspen harvesting operations provides
additional structural diversity that clearcutting all trees does not. These clumps can
provide cover for ungulates and offer habitat for cavity nesters. Alberta data indicate
that clumps of balsam poplar with more than about 35 stems can reduce aspen suckering
within the residual clump, but such effects do not extend outside the clump. The
biodiversity benefits of retaining balsam poplar clumps in aspen harvesting areas appear
to outweigh any resulting reductions in density and growth of aspen suckers.

6.3 Cottonwood–Balsam Poplar in Riparian Zone Management

Although increases
in␣ conifer stocking
are␣ desirable in many
riparian␣ zones,␣ cottonwood
and balsam poplar play
such a dominant role
in␣ riparian forest
ecology␣ that they must
be␣ provided for by
continuing management.

•

Both cottonwood and balsam poplar are high-value wildlife trees in riparian
areas.

•

Several factors justify the need for appropriate objectives for management
of cottonwood and balsam poplar in riparian zones, particularly because
of the extreme importance of riparian zones for aquatic and terrestrial
wildlife and for water quality, and because of the predominance of these
species in British Columbia riparian zones.

In most forest regions of British Columbia, cottonwoods are now considered
acceptable subspecies to regenerate alluvial floodplain sites. Extensive management
of black cottonwood is well suited to alluvial floodplains because whip plantations
establish readily and are adapted to flooding and siltation typical of such sites. Also,
short rotations are well suited to alluvial surfaces that may erode before longer-rotation
species such as conifers can mature; cottonwoods stabilize eroding banks and act as
sediment filters that protect conifer plantations from flooding; and, in stream buffers,
cottonwood canopies help to regulate stream temperatures and provide litter for detritusbased food chains in streams.
In unregulated streams, cottonwood reproductive events are highly correlated
with stream discharge, water levels, and extent and duration of deposition by flooding.
This raises questions about the future of the cottonwood resource along rivers that are
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increasingly under the influence of regulated discharge rates that do not simulate natural
flooding and the subsequent seasonal lowering of water tables in alluvial ecosystems.
In general, cottonwood management is a desirable alternative to the problem of conifer
regeneration on alluvial floodplains. Cottonwoods can be established rapidly, and at
lower ecological and economic cost than is the case with conifers.
A particular use of Populus species in riparian situations adjacent to farmland is
the Ecolotree Buffer TM developed by the University of Iowa. This technique may deserve
testing in British Columbia where agricultural uses are near cottonwood stands. It
involves a wooded buffer strip planted between a stream and row-cropped land with
the tree roots intentionally grown deep enough to intersect the near-surface water table
and use utilize nitrate from non-point source agricultural pollutants. Such poplar buffers
have the capacity for high rates of biomass production. They also have several other
benefits: poplar has preformed root primordia below the bark (e.g., cuttings 1.7 m long
can be planted 1.5 m into the ground); poplar grows rapidly and can be grown in close
spacing; poplar can reproduce vegetatively, allowing specific clones to be selected and
propagated for specific applications; poplar tolerates submerged root systems, important
in situations with high and fluctuating water tables; poplar can coppice after cutting;
and poplar can absorb nitrates from adjacent agricultural areas.

Information Sources:
Rood and Mahoney
1991; Licht 1992;
McLennan and Mamias
1992; British Columbia
Coastal Fisheries/
Forestry Guidelines
Technical Committee
1993; Enns et al. 1993;
R. Stettler, pers. comm.,
July 1994; British
Columbia Ministry of
Forests and British
Columbia Ministry of
Environment, Lands and
Parks 1995a, 1995b,
1995d.

The Operational Planning Regulations (Part 5, Sec. 44 and 45; Part 6, Sec. 54(2)(A),
(b); Part 10, Sec. 72-77), the Timber Harvesting Practices Regulation (Part 2, Sec. 5;
Part 3, Sec. 11, 14, and 15), the Silviculture Practices Regulation (Part 2, Sec. 4 and 15),
and the Cutblock and Road Review Regulation (Part 3, Sec. 5) under the Forest Practices
Code provide details on silvicultural systems for riparian reserve zones, circumstances
requiring retention of streamside trees, and other aspects of riparian zone management.
Any of black cottonwood, balsam poplar, or red alder could be involved in these
regulatory requirements. Penalties that accompany contravention of certain riparianrelated sections listed above range from $5000 to $20 000 per incident, as specified in
Section 6 and the Schedule of the Administrative Remedies Regulation under the Forest
Practices Code. The riparian guidebook under the Forest Practices Code provides more
details for managers of black cottonwood and balsam poplar.
Managers of naturally occurring coastal cottonwood should also know that the
British Columbia Coastal Fisheries/Forestry Guidelines specifically recommend
maintaining deciduous tree and brush species where these are important for erosion
control, stabilization of streambanks, streamside cover, or water temperature control
during silviculture operations in streamside management zones. Cottonwood, together
with red alder, has an important role in coastal riparian zone management (Figure 33).
The importance of cottonwoods in inland riparian areas has been well documented for
southern Alberta.
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FIGURE 33.

In many interior valleys, cottonwood stands dominate lowland sites, as along the North Thompson
River, British Columbia (upper photo). In coastal British Columbia, cottonwood (together with red
alder) is also an important species in riparian zone management, as in this example along the Cowichan
River (lower photograph).
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6.4 Role of Cottonwood and Balsam Poplar in
Restoration␣ Forestr y

On a province-wide basis,
cottonwood and balsam
poplar have a variety of
potential new forest roles
including: to stabilize
riparian areas and
provide cover and
nutrients for stream
ecosystems; to replenish
nutrient-depleted soils; to
stabilize unstable slopes;
to reclaim denuded land
and mine spoils; and
to␣ reforest root-rot areas.

•

Their common occurrence on sites adjacent to streams gives cottonwood
and balsam poplar a special role in restoration forestr y related to
enhancement of wildlife and fish habitat. The cost of rehabilitating sites
with cottonwood is less than with conifers, mainly because cottonwoods
are at a free-to-grow stage in 2–5 years.

•

Cottonwood-related restoration forestry measures can include techniques
such as: creating optimal bear-foraging habitat using clumped spacing
approaches, especially for coastal grizzly habitats; leaving the cottonwood
component in nurse-tree shelter wood systems to die out naturally, thus
creating habitat for cavity-nesters and associated species; and using nursetree shelterwoods in riparian zones to stabilize streambanks and provide
shade and energy inputs to stream ecosystems.

Although there is little recorded experience to date, this handbook contains
examples to indicate that forest managers can achieve impressive results if the wide
variety of seed and vegetative regeneration capacities of cottonwood and balsam poplar
are used to their fullest potential during ecosystem restoration. Restoration and
reclamation approaches are currently being redesigned in British Columbia and
broadleaf species have an important role in the restoration of landings, bladed skid
trails, and access roads. Recent suggestions from the Prince George Forest Region
include the following ideas:
•

A 7–10% deciduous component on each cutblock may help to reduce some of the
current conflict in planning for biodiversity and wildlife goals.

•

Using deciduous species, instead of lodgepole pine, on landings and access
roads,would facilitate relocation and reuse of these areas in the second harvest,
thereby reducing additional soil degradation.

•

A deciduous component would give future generations opportunities for economic
diversification by providing a continuous volume of broadleaf species.

An understanding of responses to disturbances is the key for using particular
tree species for rapid green-up in ecosystem restoration projects. As explained in other
sections of this handbook, these responses are the main tools available to the
silviculturalist or ecosystem restoration specialist.
Stewardship principles increasingly stress the responsibilities of planting,
harvesting, regenerating, and now restoring sites damaged by past operations. Broadleaf
trees such as cottonwood, balsam poplar, aspen, and alder offer an initial means of
restoring lands damaged by harvesting. They provide quick green-up, renewed soil
stability, rapid initiation of ecological succession, and rapid provision of wildlife habitat.
In some cases, coniferous underplanting beneath the broadleaf species can increase
the potential for mixed species management. The restorative possibilities of broadleaf
trees in specific bioengineering situations are detailed in Schiechtl’s (1980) text,
originally applied to damaged European landscapes requiring protection and restoration
with mainly natural materials. Genera of Salicaceae are generally used in many situations
demanding quick and reliable response for establishment and growth. An example is
the use of balsam poplar in locales where flooding is a problem. In addition, recent
emphasis on restoration forestry acknowledges the role broadleaf trees have to play in
providing biodiversity, wildlife habitat, and elements for sustained yield.
100

Information Sources:
Schiechtl 1980;
Haeussler et al. 1990;
Buse and Bell 1992;
Licht 1992; Canadian
Forest Service 1994;
Klinka et al. 1994;
Kranabetter 1994;
Pilarski 1994.

Use of cottonwood has restoration potential on brush-covered low-elevation lands
to get the land back into production. Both a remarkable growth rate and an ability to
thrive on the banks of streams and lakes where other commercial tree species have
trouble establishing give cottonwood a very important advantage.

7 BLACK COTTONWOOD AND BALSAM POPLAR
FUTURE PROSPECTS
As described in earlier sections of this handbook, cottonwood and balsam poplar
are not only rapid producers of woody biomass, but they also fill other important forest
management roles. They stabilize riparian areas and provide cover and nutrients for
stream ecosystems. They help replenish nutrient-depleted soils. They stabilize unstable
slopes. They reclaim denuded land and mine spoils. And they can be used to reforest
areas where root-rot limits coniferous reproduction. Application of research results in
the past 2 decades has shown that native black cottonwood is an important resource
for rapid, repetitive, and sustainable biomass production, and a remarkable
environmental resource because of the special ecosystems where it occurs naturally
(referred to as “Special Sites” in the handbook by Green and Klinka 1994).
In habitats where they occur naturally, cottonwood and balsam poplar can be a
popular choice because: they are a way to produce woody biomass in areas that have
often before been classified as non-commercial brush; they have exceptionally rapid
growth rates compared to other tree species; they grow well on river-side sites and
annually flooded riparian habitats where other commercial tree species do not even
survive; and, once established, they will not be overtopped by other species, which
means that they can be encouraged and managed without use of herbicides.

7.1 Role of Cottonwood–Balsam Poplar in Future
Fibre␣ Production

Accompanying all of
the␣ silvicultural and
commercial trends
predicted in this
handbook will be the
ever-increasing
importance of broadleaf
species for biodiversity
and riparian zone values.

•

Cottonwood’s softness, light colour, and ease of bleaching assure its future
use for pulp and paper. The main commercial limitation of this subspecies
is its short fibre length.

•

Cottonwood and balsam poplar are expected to figure more prominently
in mixedwood forest management once there is increased acceptance of
the idea that successive rotations can be alternately dominated by broadleaf
species and then by conifers. This flexibility was not possible when
commercial use was limited to coniferous biomass.

In northeastern British Columbia, cottonwood–balsam poplar is included as part
of a deciduous resource component for which more intensive utilization is planned.
The chemical and physical wood properties of cottonwood and balsam poplar are not
considered to be significantly different in terms of specific gravity, strength, stiffness,
or fibre length. Fortunately for forest managers, when in some parts of British Columbia
it is not possible to know if one is taxonomically dealing with cottonwood or balsam
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poplar, there is no basis for separating the potential commercial uses of these subspecies.
Cottonwood and balsam poplar do not meet the brightness requirement for
chemithermomechanical pulp (CTMP ). The future of these Populus subspecies would
be changed if a process could be developed to permit their use in CTMP production.
Even though extensively managed cottonwood plantations are being established
by both industry and the Ministry of Forests on alluvial sites throughout the Prince
Rupert Forest Region, no utilization is planned at present. Except for Vancouver Island,
the Powell River area, the Fraser River valley area downstream from Hope, and segments
of the Skeena River valley, other areas of British Columbia have no plans for establishing
cottonwood or balsam poplar utilization facilities in the near future.

Information Sources:
Kellogg and Swan 1986;
Swan and Kellogg 1986;
Kroll et al. 1992;
McLennan and Mamias
1992; R. Stettler, pers.
comm., July 1994.

Much interest exists in the management of black cottonwood in coastal British
Columbia, but only Scott Paper Limited now uses this subspecies in any quantity. This
may change in the future if a reliable supply can be ensured. For example, MacMillan
Bloedel Ltd. has undertaken an internal analysis of potential for growing and using
hybrid poplar fibre in pulp mixtures. Cottonwood pulp has high opacity and good bulk
and printability. It also blends with softwood kraft pulp containing 1–50% poplar fibre.
Cottonwood pulp is well suited to book papers, computer paper, offset printing papers,
and a range of other fine papers. Utilization as pulp raw material has the largest potential
for increasing cottonwood utilization in coastal British Columbia.
Overall, there is a bright future for cottonwood–balsam poplar in British Columbia
for reasons emphasized in this handbook. The overriding importance will be the role
of Populus as a commercially important genus in which its pioneer nature will make
natural regeneration easier, will suppress regeneration delays, and will reduce problems
associated with competing vegetation as has been the case where conifer regeneration
was the predominant focus.

7.2 Information Needs for More Intensive Cottonwood–Balsam
Poplar Management
•

A recent (1992) ranking of cottonwood–balsam poplar research needs
indicated that the greatest number of ver y high priority needs occurred
in the Prince Rupert and Prince George forest regions, followed by the
Vancouver Forest Region. Most cottonwood–balsam poplar research needs
were given a low or medium ranking in the Cariboo, Kamloops, and
Nelson forest regions.

•

The Kalum, Dawson Creek, and Fort Nelson forest districts are the prime
inland areas with a focus on cottonwood–balsam poplar utilization and
therefore a high interest in more research information on extensive
management; by contrast, in the Vancouver Forest Region, information
to assist more intensive management of plantations involving hybrid
poplars is a high priority.
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A major priority for
cottonwood research is to
establish stocking trials
that examine both the
effects of different
spacings on economic
factors (such as piece
size, mean annual
increment, and
merchantable␣ volume),
and also the impacts of
different spacings on
integrated resource
management objectives.
Cottonwood management
invariably occurs in
alluvial areas with
high␣ integrated resource
management values and
there is some risk that the
high stocking levels
recommended will
severely reduce forage
values of cottonwood
plantations.

The assessment of cottonwood–balsam poplar research needs by McLennan and
Mamias (1992) is the most recent comprehensive review available. That assessment,
based on ideas from forest managers in British Columbia, literature reviews, and the
cottonwood management experience of D. McLennan and co-workers is reproduced in
Table 27. The 1992 review revealed a consensus that physical and chemical wood
characteristics of cottonwood–balsam poplar, as they relate to different utilization
processes, are already sufficiently documented not to limit commercial use of these
species now.
Operational procedures for regenerating cottonwood are well established for
coastal British Columbia and are directly applicable to appropriate interior sites. There
is, however, a shortage of robust cottonwood growing material that is suitable for interior
climates. This is partly due to historically low demand, and may change as initiatives
such as the Watershed Restoration Program demand growing stock suited to interior
climates. The Kalamalka-based program that is actively collecting cottonwood genetic
material throughout the province is providing critical information and should be
expanded.
In conjunction with the Watershed Restoration Program, the influence of
cottonwood stands on adjacent stream ecosystems should be more systematically
evaluated. Topics requiring further research include: the importance of organic inputs
for stream energy pathways; in-stream temperature regulation; large woody debris
inputs, control of sedimentation; and the role of cottonwood roots in protecting streams
from polluted subsurface seepage in areas adjacent to landfills and agricultural fields
Stocking standards for cottonwood are still being debated. This is an important
topic because some foresters believe that the present targets of over 1000 stems per
hectare for all end products are much too high, especially for veneer products. Further
information is also needed about the appropriate spacing and management of
mixedwood forest types that involve cottonwood or balsam poplar growing with shadetolerant conifers.
Because of the high habitat values and biodiversity levels in ecosystems where
cottonwood management is economical, stand-level and landscape-level impacts of
cottonwood management on non-timber resources also require further evaluation.
Specifically, impacts of short-rotation broadleaf management on cavity-nesters, reptiles,
amphibians, small mammals, songbirds, and raptors should be studied.
Foresters interested in cottonwood hybrids have expressed concern about the
long-term conservation of natural cottonwood genotypes. Although this concern is
greater in the U.S. Pacific Northwest than in British Columbia, the future for cottonwood
is uncertain in any valleys that are subject to residential, commercial, or other
developments, livestock grazing, or lack of periodic floods because of regulated river
flow. The main steps to maintain or regain genetically diverse natural cottonwood
populations are to:
•

allow periodic flooding so that new deposits of sediments are available for seedling establishment;

•

restore cottonwood ecosystems that have been damaged by development activities
or agricultural use; and

•

give special protection to cottonwoods that now occur in riparian buffer strips.
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Operational standards
Whips
Site selection
Stem analysis
Decay factors
PSPs
IRM effects
Genetic collections
Hybrid poplar breeding
Ongoing plantations
New plantations
Nurse tree
Stocking manipulation
Buffer zone management
Utilization complexes
Specialty products
Markets

Extensive

Intensive

Mixedwood

Habitat enhancement

End products

Research topic

medium
medium
medium

very high
very high

very high

very high
very high
very high
very high

medium
medium
low
medium
high
high
very high

Vancouver

very high
very high
very high

medium
very high

very high

high
medium
low
low

very high
high
very high
very high
very high
high
very high

very high
very high
very high

medium
very high

very high

high
medium
low
medium

very high
high
very high
very high
very high
high
very high

Forest region
Prince George
Prince Rupert

low
low
low

medium
high

medium

high
medium
medium
low

low
low
low
low
low
low
low

Other

Ranking of cottonwood, balsam poplar, and hybrid poplar research priorities in British Columbia, as recommended by McLennan and
Mamias (1992)

Management system

TABLE 27.

Information Sources:
McLennan and Mamias
1992.

Aside from the biodiversity values and biomass production potential of naturally
occurring black cottonwood and balsam poplar (the focus of this handbook), the genus
Populus has an exciting future related to several well-advanced biotechnology
approaches to propagation and use of desirable genetic material. For example, these
two subspecies are easily propagated vegetatively through tissue culture and they can
be genetically transformed by current methods of gene transfer. Their genome is also
relatively small, which makes gene isolation and characterization simpler, and
propagation through tissue culture is possible using either organogenesis (plantlet
formation) or somatic embryogenesis (embr yo formation). Genetic engineering
involving introduction of isolated genes into a host genome is a relatively new
biotechnology technique for trees, but based on successes to date, Populus species
have the potential to be at the forefront of this field.
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GLOSSARY
abiotic

A non-organic material or force.

adventitious bud

A bud that has developed at a location other than the usual or expected, such as
roots growing from leaves, or buds developing at locations other than at leaf axils.

alluvial; alluvium

Sediments, ranging from fine to coarse textures, deposited on land by a stream.

biodiversity

The diversity of plants, animals, and other living organisms in all their forms and
levels of organization, including the diversity of genes, species, and ecosystems,
as well as the evolutionary and functional processes that link them.

bud bank

The collective supply of buds on branches, stems, and roots.

canker

A relatively localized necrotic lesion, primarily of the bark and cambium.

clone

Any group of plants derived from a single individual by vegetative reproduction.
All members of a clone have the same genetic makeup and consequently tend to
be uniform.

endemic

Restricted to a particular region.

fluvial

Parent material deposited by the action of moving water.

free-growing

An established seedling of an acceptable commercial species, meeting minimum
height requirements, that is free from growth-inhibiting brush, weed, and
excessive tree competition.

genome

The chromosomal makeup of an organism.

genotype

The entire genetic constitution, or the sum total of genes, in an organism.

girdling

To kill a tree by severing the cambium layer and interrupting the flow of food
between the leaves and the rest of the tree.

inoculate; inoculum

To introduce a microorganism, virus, or serum into an organism; the substance so
introduced.

mesothermal

With moderate warmth and moderate moisture.
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mycelium

A group or mass of hyphae constituting the vegetative body of a fungus.

propagules; propagation Sources of new plants, including seed from annual seed production (seed rain),
seed stored in the ground (seed banks), or vegetatively produced shoots
(bud␣ banks).
provenance

The place of origin of seeds or other propagules.

riparian zone

Land adjacent to the normal high water line in a stream, river, or lake extending
to␣ the portion of the land that is influenced by the presence of ponded or
channeled␣ water.

root primordia

A primordium is the beginning or rudimentary structure of a plant part, in this
case a root tip.

root sucker

Vegetative reproduction originating primarily from adventitious buds within the
root cork cambium or from preformed primordia; suckers also develop from
dormant buds but these are less vigorous than those from adventitious buds. Root
suckers are sometimes referred to as suckers or root sprouts

saprophyte; saprophytic A plant that obtains food from dead or decaying organic material.
seed bank

The collective supply of seeds on living or dead plants and in the soil.

seral

Stages in a sequence of biotic communities (the sere) that successively occupy
and replace each other in a particular environment over time.

stool; stoolbed

The base of a plant from which shoots arise; a special growing bed in which such
shoots are rooted.

stump sprout

A sprout that arises from a dormant bud or callus tissue of a tree stump above the
root-collar zone.

urediniospores

Spore produced after the aecium stage and before the telium stage in the life cycle
of a rust; these spores are capable of infecting the same host on which it originated.

whip

A whip-like sprout or shoot, commonly 0.5–2.0␣ m long, used for vegetative
propagation of Populus.

wildling

A seedling or a young plant that grew under natural conditions, not cultivated,
which is dug and used as planting stock.
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APPENDIX 1 Abbreviations used in this handbook for biogeoclimatic
zones and tree species
Biogeoclimatic zones:
BG
BWBS
CWH
ESSF
ICH
IDF
MS
PP
SBPS
SBS
SWB
Tree species:
Acb
Act
At
Ba
Bl
Cw
Dr
Ep
Fd
Hw
Lw
Mb
Pa
Pl
Py
Sb
Ss
Sw
Sx
Sxw

Bunchgrass
Boreal White and Black Spruce
Coastal Western Hemlock
Engelmann Spruce – Subalpine Fir
Interior Cedar – Hemlock
Interior Douglas-Fir
Montane Spruce
Ponderosa Pine
Sub-Boreal Pine – Spruce
Sub-Boreal Spruce
Spruce – Willow – Birch

balsam poplar
cottonwood
aspen
amabilis fir
subalpine fir
western redcedar
red alder
paper birch
Douglas-fir
western hemlock
western larch
bigleaf maple
white bark pine
lodgepole pine
ponderosa pine
black spruce
Sitka spruce
white spruce
hybrid spruce
hybrid white spruce
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