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FOREWORD

The International Poplar Commission (IPC) of Food and Agriculture Organisation
(FAO) envisages supporting rural livelihoods, enhancing food security and
contributing to sustainable land-use by promoting the genetic conservation and
utilization of poplars and willows. These fast-growing crops have the potential to
enhance ecosystem services including the storage of carbon, and the conservation
and remediation of soil and water.

Recent research, deployment and technology transfer on poplar and willows in
Canada and elsewhere have indicated a great demand for plywood and pellet
production as well as biofuel conversion. As demand for poplar and willow is
increasing in the global market, there is a need to carry out massive cultivation of
improved cultivars involving land owners, government agencies and other stake-
holders.

| am very pleases that the German Federal Ministry of Food and Agriculture is
organising the 25th session of the IPC on “Poplars and Other Fast-Growing Trees -
Renewable Resources for Future Green Economies”. | hope Canada’s National Report
spearheaded by the Canadian Forest Service (CFS) and the Poplar and Willow Council
of Canada (PWCC) provides new knowledge and is useful to practitioners worldwide.

| wish to gratefully acknowledge the support of Natural Resources Canada - Canadian
Forest Service, without which production of this report would not have been

possible.

| extend my good wishes for the success of this global meeting on poplar and
willows.

Sincerely,

Raju Soolanayakanahally
Chair, Poplar and Willow Council of Canada
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I. POLICY AND LEGAL FRAMEWORK

Canada’s forestland has a unique pattern of ownership. Approximately 90% of
Canada’s forestland is owned by the Canadian provinces and territories, 6% is
privately-owned and 4% is owned by the federal government®. Provinces in
Canada have exclusive jurisdiction over forest management and agriculture
regulations, and associated property taxation; jurisdiction in the Territories is in the
process of being devolved. Although only 6% of forestland in Canada is privately-
owned, it produces 10% of harvested timber. Privately-owned forestland usually
contains the most productive forestland, where the most intensive silviculture
regimes are practised. Federally-owned forestland includes lands held on behalf of
Canada’s aboriginal communities, National Defence, Natural Resources Canada and
Parks Canada.

Forestland ownership varies in Canada from almost 95% provincially-owned
forestland in British Columbia to 48% in New Brunswick. Governments hold
publicly-owned forestland (either provincially- or federally-owned); these lands are
referred to as Crown Lands. Provincial policies and legislation on property
valuation and taxation for land used to grow tree crops vary widely across Canada.
Although Federal income tax rules apply nationwide and are administered by the
Canada Revenue Agency (CRA), there are no specific policies or federal tax
incentives pertaining to Populus or Salix.

The vast majority of forests in Canada’s boreal forest zone (see map on page 5)
support natural components and even pure stands of trembling aspen (Populus
tremuloides), often with a minor component of balsam poplar (Populus
balsamifera). Where these stands are harvested, predominant forest regeneration
is with naturally occurring trembling aspen, which will predominantly regenerate
from existing root systems through coppicing. The vast majority of boreal forests
are managed by or through the respective provincial forest services, and in several
cases provincial regulations deal with reforestation using various poplar species.
Willow is not recognized as a forest tree species in Canada and thus no regulations
exist for its regeneration in forests; however, provincial and/or regional regulations
may exist when willow is used for rehabilitation or reclamation in riparian areas
and on various provincially-owned lands following major disturbances, e.g. mining,
oil sands development, oil & gas reclamation, etc.

! http://www.nrcan.gc.ca/forests/canada/ownership/17495
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It is important here to explain the concept of ‘short-rotation-intensive-culture’
(SRIC) of poplar or willow crops® as it is understood in Canada. SRIC refers to the
establishment and management of poplar and/or willow crops on farmland, using
an intensive agronomic approach including soil preparation, systematic crop layout,
mechanical and/or chemical weed control, insect and disease control, protection
from various other biotic factors (e.g. deer browse), followed by harvesting. In
some cases these crops are grown in coppice culture using very short harvest
cycles® (e.g. one to five years) on a root system that can produce several harvest
cycles. In other cases only one crop is harvested from the same root system before
it is replaced. Such crops could include pulpwood, sawlogs and veneer logs. In the

L SRIC crops in Canada are considered Trees Outside Forests, using the International Poplar
Commission (IPC) categories for National Reports.

% ‘Harvest cycle’ refers to the number of years the above-ground biomass is allowed to grow before it
is harvested. In coppice culture of poplar or willow, crops can be harvested from the same root
system for several cycles. The number of years the same root system is used before being replaced is
referred to as the ‘rotation’.
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latter two cases, periodic pruning of branches can be carried out to produce higher
value logs.

1. British Columbia (BC)

a. Trees Outside Forests on Private Land

Currently, short-rotation-intensive-culture (SRIC) using poplar or willow is
recognized as a farm practice on agricultural lands in British Columbia (BC)
and therefore qualifies as ‘primary agricultural production’. The Classification
of Land as a Farm Regulation, B.C. Reg. 411/95, made under the BC
Assessment Act, provides that, upon application, the following land may
qualify for ‘farm class’:

— land used for a qualifying agricultural use;

— land used for purposes that contribute to a qualifying agricultural use,

e.g. irrigation, access to farm outbuildings, shelterbelts.

Depending on the parcel size, the income derived from these and other farm
activities allows producers to maintain ‘Farm Class’ status with the associated
assessed land values and property taxes for a particular municipality or
regional district’.

It may be up to 12 years before a producer harvests a SRIC hybrid poplar or
willow crop. This is the maximum length of a crop cycle (‘rotation’)? allowed
by the BC Assessment Authority to maintain ‘Farm Class’ status for income
derived from the land.

There no longer are any industrial companies actively growing or processing
SRIC hybrid poplar crops (plantations) in BC due to a lack of viable markets.
As a result, the existing stands are becoming over-mature. SRIC willow crops
are grown by a few smaller companies, primarily for environmental and
bioenergy purposes.

! https://www.bcassessment.ca/services-and-

products/ layouts/15/WopiFrame.aspx?sourcedoc=/services-and-
products/Shared%20Documents/BCAL15102%20BCA farm brochure digital.pdf&action=default

2|t is unclear how coppice crops are viewed under the Act, since a rotation (a root system supporting
one or more above-ground biomass harvests) can accommodate several harvest cycles that,
combined, exceed the 12 year maximum rotation.
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b. Agroforestry on Private Lands or Provincial Crown lands

The BC Ministry of Agriculture maintains an Agroforestry Unit’ in the Sector
Development Branch. As defined in BC, agroforestry is a land management
approach that purposefully integrates the growing of trees with crops or
livestock. Integration can involve deliberately retaining or adding trees or
shrubs into agriculture production systems or deliberately adding or
enhancing crops or livestock in forest production systems.

To date, the agroforestry program has been focused on silvopasture systems
on both private lands and provincially-owned Crown lands. On privately-held
farmland a number of individual projects were started under the Agroforestry
Industry Development Initiative of the Ministry of Agriculture; however, no
records of these are maintained by the Ministry, which is primarily focused
on the integration of provincially-owned Crown range lands with silvopastoral
management systems.

In BC, management of SRIC poplar or willow crops on agricultural land is not
considered agroforestry, unless it is integrated with other practices on the
same land unit.

c. Planted Forests on Provincially-Owned Crown lands

BC makes provision for the registration, selection and use of poplar, including
hybrid poplar, on provincially-owned Crown lands. Conditions apply if
vegetative plant material is collected from a single parent tree. A limit of 10
hectares applies when vegetative material collected from a single hybrid
poplar tree is used to establish a hybrid poplar forest stand*. Willow is not
recognized as a tree species and is not covered by this regulation.

2. Alberta (AB)

The Province of Alberta is divided into two main administrative areas in regard
to land use, the White Area and the Green Area:
— the White Area is generally settled or suitable for settlement and is
usually associated with more intensive uses such as agriculture, urban
centres and well-developed infrastructure;

! http://www?2.gov.bc.ca/gov/content/industry/agriculture-seafood/agricultural-land-and-
environment/agroforestry/agroforestry-resources
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— the Green Area, is largely permanent forest and is mostly associated with
less intensive uses such as timber harvesting, wild-land recreation and
grazing.

Much of the privately-held forestland, woodlots and agricultural land suitable
for afforestation to poplar (trembling aspen and poplar, including hybrid
poplar) are located in the White Area. Both areas are managed in a multiple
use context.

a. Trees Outside Forests on Private Land (‘White Area’)

There are no specific policies or tax measures promoting the management of
poplar or willow species in Alberta on private land located in the ‘White
Area’.

b. Planted Forests on Provincially-Owned Crown lands (‘Green Area’)

Most planting on provincially-owned Crown land is on recently harvested
natural timberlands (or indigenous forestlands) located in the ‘Green Area’,
and primarily involves reforestation with various conifer species. Where a
large component of trembling aspen was present before harvesting, the
expectation is that it will regenerate naturally from root suckering.

Hybrid poplars (and any other non-native species) are not permitted to be
planted within the ‘Green Area’. Under current rules of the Alberta Forest
Genetic Resource Management and Conservation Standards' (FGRMS), locally
collected cuttings of naturally occurring poplar species, mostly balsam poplar,
can be deployed in the Green Area (up to a maximum of 5,000 plants from a
single clone within the seed zone of collection). All tree seedlings and
cuttings are currently required to be from local sources (seed zones defined
by FGRMS).

An updated set of standards is planned for release in 2016 which does not
change the exclusion of non-native species including hybrid poplar. Under the
updated FGRMS:
— genetic diversity of clonally deployed material must be at the same
minimum level as that for seed deployment;

! http://aep.alberta.ca/lands-forests/forestry/documents/FGRMS-GeneticConservationStandards-
2009.pdf
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— clonal deployment can be enabled under three categories:
rehabilitation, extensive management and intensive management; and

— each deployment category has limitations to the extent of area on
which clones can be deployed, minimum effective population size and
proportion of male/female clones.

3. Saskatchewan (SK)

a. Trees Outside Forests on Private Land

There are no specific policies or tax measures promoting the management of
poplar or willow species on private land in Saskatchewan.

b. Planted Forests on Provincially-Owned Crown lands

Saskatchewan regulates which tree species may be planted in the
provincially-owned forests through the Saskatchewan Environmental Code
Forest Regeneration Assessment Chapter and Standard®. Trembling aspen
and balsam poplar are acceptable in all Saskatchewan ecoregions. Plains
cottonwood (Populus deltoides ssp. monilifera) is acceptable for planting in
the Cypress Upland Ecoregion in south-western Saskatchewan.

Exceptions to the species above have and can be made for research purposes
such as provenance trials of hybrid poplar within the Crown provincial forest.

4. Manitoba (MB)

Manitoba has no policies or regulations regarding the establishment or

management of poplar or willow species.

5. Ontario (ON)

As in the Prairie Provinces of Alberta, Saskatchewan and Manitoba, the Province
of Ontario does not have specific tax measures promoting the management of

poplar or willow species.

The Ministry of Natural Resources and Forestry (MNRF) does recognize trembling
aspen), bigtooth aspen (Populus grandidentata) and balsam poplar as forest

! http://environment.gov.sk.ca/adx/aspx/adxGetMedia.aspx?DoclD=1ccf5bc7-0f91-4765-a819-
a20c58e72b27 — Table 3 in Appendix 1 of the Standard outlines acceptable species that can be used

for reforestation by Ecoregion -
http://environment.gov.sk.ca/adx/aspx/adxGetMedia.aspx?DoclD=fb4ed9dc-4ec8-4ab7-b939-

3cb1f491adfl
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species. The MNRF recently revised its silviculture guide'where it addresses the
management of the aforementioned poplar species. The guide makes no mention
of naturally occurring eastern cottonwood (Populus deltoides) or the presence of
Populus xjackii — spontaneous hybrids between P. deltoides (?) and P.
balsamifera (3); several P. xjackii hybrids entered commercial use in Ontario and
Quebec in the 1970’s and 1980’s.

6. Quebec (QC)

a. Trees Outside Forests on Private Land

In 2009 the Ministere de I'Agriculture, des Pécheries et de I'Alimentation du
Québec (MAPAQ — Quebec Ministry of Agriculture, Fisheries and Food)
recognized SRIC willow biomass crops as agricultural production. This was
followed in 2010 by the recognition also of SRIC poplar biomass crops as
legitimate agricultural production. This recognition of SRIC poplar and willow
does not extend to the production of solid wood products, such as logs for
oriented strandboard (OSB), pulpwood and saw log production, which require
longer rotations.

b. Planted Forests on Publicly-Owned and Private Lands

In 2013, the Loi sur 'aménagement durable du territoire forestier
(Sustainable Forest Development Act)? replaced the then-current Forest Act,
introducing major changes to the way forests are managed. However, there
were no major changes to the legislative provisions governing private forest
land; many of the elements introduced over the previous 15 year period
remain in place, in particular the regionalization of the decision-making
process through regional agencies that affect private forest development.
Under the Act many of the previous financial support programs remain in
place for private forests. Although private forest ownership is only 8% of the
total forestland area®, it accounts for 16% of the timber produced. Private
forests are among the most accessible and productive forests in Quebec.
Small landowners have to obtain authorization prior to planting any trees.

! OMNRF. 2015. Forest management guide to silviculture in the Great Lakes-St. Lawrence and boreal
forests of Ontario. Toronto: Queens Printer for Ontario. 394 pp. — download at
https://www.ontario.ca/document/forest-management-guide-silviculture-great-lakes-st-lawrence-
and-boreal-forests-ontario-0

2 http://mffp.gouv.qc.ca/le-ministere/lois-reglements-forets/ - also: http://mffp.gouv.qc.ca/the-
forests/understanding-the-forest/?lang=en

% South of 52 north latitude.
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Once they are eligible, they can apply for grants with the various Regional
Agencies.

The Ministere des Foréts, de la Faune et des Parcs (MFFP) created a
silvicultural intensity gradient for forests, covering Extensive, Basic, Intensive
and Elite silvicultural management regimes'. For the latter two categories
more intensive management is justified through their respective financial
returns and it is under these two regimes that much of the hybrid poplar
would be planted on the best forestlands.

7. New Brunswick (NB), Nova Scotia (NS), Prince Edward Island (PEI) and
Newfoundland and Labrador (NL)

The Provinces of New Brunswick, Nova Scotia, Prince Edward Island and
Newfoundland and Labrador have not reported specific policies or tax measures
promoting the management of poplar or willow species.

New Brunswick does not allow planting of poplar or willow on provincially-
owned Crown forestland.

! http://mffp.gouv.qc.ca/english/publications/forest/sustainable-forest-management-strategy.pdf
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I. TECHNICAL INFORMATION

1. Identification, registration and varietal control

Canada has no federal regulations for the identification, registration or control of
poplar or willow clones. Although Canada has a 1990 Plant Breeders Rights Act’,
it applies only to certain species prescribed by its regulations. Neither poplar nor
willow is covered. Poplar and willow clones are widely propagated vegetatively
for various purposes, without any legal protection of intellectual property rights
for the breeder unless specific contractual arrangements for that purpose are in
place. There is also no mechanism to certify the origin and clonal identity of
poplar or willow clones (except for poplar clones in Quebec). In the 1990s the
Poplar and Willow Council of Canada attempted to introduce a voluntary
Certification Service, under which commercial nurseries could register certified
clones. The Certification Service did not find support from the nursery industry
and the initiative was subsequently abandoned. Despite that setback, the
Genetics and Breeding Working Group of the Poplar and Willow Council of
Canada (PWCC) has been actively developing and managing a directory of
Canadian improved populations of poplar and willow. This ‘clone directory’ is an
electronic, searchable database of poplar, willow, and their clones in Canada. It
incorporates the related databases from several public and private organizations
involved in poplar and willow breeding programs in Canada, and includes
information, as available, on source, collection or breeding history, parentage
and testing of clones and hybridsz.

Notwithstanding the absence of registered poplar clones under the 1990 Plant
Breeders Rights Act, Agriculture and Agri-Food Canada (AAFC) did obtain
registered trademarks for two hybrid poplar clones - ‘Okanese’ and ‘AC
SundancerTM’ — that were produced at its now closed Shelterbelt Centre>
(formerly operated by the Prairie Farm Rehabilitation Administration (PFRA) of
AAFC). These clones, both male, were bred from the same female parent
‘Walker".

! http://laws-lois.justice.gc.ca/eng/acts/P-14.6/

> Currently the directory is unavailable pending updating and restructuring, but will become available
to the Poplar and Willow Council of Canada members at http://www.poplar.ca/.

® The Shelterbelt Centre at Indian Head, Saskatchewan closed down in 2013, after having been in
operation since 1901.

4 ‘Walker’, a female clone, has been in long-term use as a major shelterbelt tree on the Canadian
Prairies and the US Midwest Plains region; it was an early hybrid used in SRIC poplar farming in
Alberta and Saskatchewan. ‘Walker’ is an open-pollinated seedling cross of Populus deltoides x P.
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Nursery-produced clonal planting stock has been known to be contaminated with
unknown clones. This continues to be a common occurrence, primarily
stemming from a lack of quality control at the nursery level. The problem is
easily solvable using DNA technology, which has become much more affordable.

Several provinces in Canada have regulations pertaining to deployment of exotic
species, including hybrid poplar, on provincially-owned Crown land, as discussed
in Chapter | of this report.

British Columbia makes provision for the registration, selection and use of poplar,
including hybrid poplar, on provincially-owned Crown lands. Despite this policy
provision, there are currently no registered poplar or vegetative lots, nor recent
records of seed use stored in the provincial Seed Planning and Registry system
(SPAR). Willow is not covered.

In the Province of Quebec the Ministére des Foréts, de la Faune et des Parcs
(MFFP) has been actively breeding and selecting hybrid poplar for use in the
province since 1969 and keeps firm control of the hybrid poplar resource under
its jurisdiction. Since the MFFP provides hybrid poplar planting stock without
charge to companies that operate on provincial public lands and to eligible
private forestland owners, it controls the production of planting stock and thus
the deployment of hybrid poplar clones on both public and private land in the
province. Although the hybrid poplars are available for deployment in Quebec
only, MFFP has always shared genetic material, such as parental male and female
flowers and various clones for testing and other purposes with poplar breeders
elsewhere.

MFFP obtained a replicate of the Agriculture Canada Balsam Poplar (AgCanBaP)
collection from AAFC and established a common garden test in Quebec in 2013.
This new test completes the existing network of balsam poplar experimental
plantations established across Canada. The AgCanBaP collection (see page 31)
continues to be managed and maintained by AAFC at Indian Head, Saskatchewan.

MFFP is very active in germplasm conservation activities in Quebec. Selected
parental trees of P. deltoides, P. maximowiczii and P. trichocarpa were
propagated with success and cuttings were made available for material exchange

xpetrowskyana (itself a P. laurifolia x P. nigra cross). It was selected in 1944 at Indian Head,
Saskatchewan and has been widely distributed for shelterbelt use since 1963.
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and breeding. A broader population of P. trichocarpa (IUFRO collection from
Oregon, Washington, and BC) was shipped from Quebec in 2012 to Indian Head
and Edmonton, Alberta. Pollen from P. trichocarpa, P. maximowiczii and P.
deltoides was stored for long-term conservation and for plant material exchange.
Pollen from P. maximowiczii was provided to GreenWood Resources (Oregon,
USA) in 2014 and 2015 for breeding purposes.

Other provinces and territories do not have poplar or willow breeding or
selection programs and have not reported provisions or policies for the

identification, registration and varietal control of poplar or willow.

2. Production Systems and Cultivation

a. Nursery
Poplar, including hybrid poplar

During the period 2012 to 2015 Kruger Products LP in British Columbia and
Alberta Alberta-Pacific Forest Industries Inc. in Alberta discontinued the
establishment of SRIC hybrid poplar crops on private agricultural land;
Kruger Products LP also discontinued planting poplar, including hybrid
poplar, on provincially-owned Crown lands managed under licence from the
Province of British Columbia. As a result, large-scale nursery production of
hybrid poplar in western Canada for the establishment of poplar stands has
rapidly declined.

At present small quantities of poplar are being produced by independent
nurseries that market this material for fill-planting® (with hybrid poplars) of
existing SRIC hybrid poplar crops, reforestation, reclamation of access roads,
reclamation of areas disturbed by mining and the oil & gas industry,
shelterbelts and limited planting on existing tree farms owned by various
land owners. One large nursery in Alberta reports producing hybrid poplar
clones for use by private landowners in shelterbelt plantings in Alberta’s
‘White Zone’, a practice also used in the other Prairie Provinces, even though
there is a trend to eliminate existing shelterbelts. Shelterbelt use on farms
growing annual crops in the Prairie Provinces of Canada is declining. Two
key reasons are (1) that agricultural commodity prices have been rising
rapidly, especially for pulse crops, making cropland too valuable for tree

! Fill-planting is a technique of filling in small areas of plantation failures to ensure at least 90%
coverage of a plantation area with a viable crop. Fill-planting usually takes place at the start of the
second growing season.
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cover, and (2) that the use of minimal-till and zero-till soil preparation
practices has greatly decreased topsoil losses due to wind erosion. Many of
the hybrid poplars planted in farm shelterbelts originate from the selection
and breeding work at Indian Head. Use of native poplar on provincially-
owned lands reflects policies and intentions to control or ban the use of non-
native poplar on such land, as in Alberta.

Although there is nursery production of aspen in Canada, difficulty in
vegetative propagation of this species limits its commercial production and
use; one nursery in Alberta reported producing aspen planting stock from
seed.

In Quebec the Ministere des Foréts, de la Faune et des Parcs (MFFP) controls
hybrid poplar nursery production and distribution through its provincially-
owned nurseries. Since the vast majority of planting in Quebec takes place
on forestland and there is a ‘no-herbicide’ policy in place, large planting
stock is required to ensure survival. For that reason the majority of poplar
stock is grown as bareroot stecklings®. Small unrooted cuttings are planted
in bareroot nursery beds and grown for one year. In the fall the stock is
lifted, processed and cold-stored for outplanting the following spring.

The MFFP uses approximately 40 different hybrid poplar clones which are
propagated in provincially-owned nurseries. Quebec recently expanded its
clonal list by adding 13 clones of different hybrid combinations: P.
maximowiczii x P. nigra (MN), P. deltoides x P. maximowiczii (DM), P.
maximowiczii x P. trichocarpa (MT), P. maximowiczii x P. balsamifera (MB)
and a complex four-way cross ((P. deltoides x P. nigra) x P. balsamifera) x P.
maximowiczii ((DNxB)xM). The stock is distributed to landowners for
outplanting on both private and public lands.

The MFFP has been experimenting with and developing the use of unrooted
poplar whips, which are attractive due to lower costs of production,
handling, storage, transport and planting. Domtar Corporation® in Windsor,
Quebec, has been planting unrooted whips in Quebec in combination with
soil mounding as a form of intensive site preparation. This is a technique

! Steckling or set is the name given in Quebec to a rooted whip. The size is usually between 1.5 and
2.0 m and is sufficient to dominate existing competing vegetation and avoid browsing by deer.

? Domtar Corporation is a large pulp & paper company. See also
http://mirador.domtar.com/document/PGAF english.pdf
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that was pioneered and developed successfully by Kruger Products LP* in
British Columbia.

There are no nursery production reports for poplar from the Provinces of
Ontario, New Brunswick, Nova Scotia, Prince Edward Island or
Newfoundland and Labrador.

Willow, including hybrid willow

The production of willow planting stock has generally increased over the last
several years. Use of willow species has been increasing for environmental
applications, such as reclamation, phytoremediation and potential use for
bioenergy.

Bionera Resources Inc.? in British Columbia established 24 ha of willow
stoolbed nurseries at three sites in Canada - Prince George and Campbell
River in British Columbia and Prince Albert in Saskatchewan, and one site in
the USA at Woodburn, Oregon. The company produces mostly hybrid willow
varieties under licence from the State University of New York (SUNY)? at
Syracuse, NY and Lantminnen” in Sweden, as well several varieties in the
public domain from Cornell University?, Ithaca, NY. Currently these
stoolbeds produce unrooted cuttings for bioenergy projects. A minor
amount of hybrid poplar is also grown for the same purpose.

The stoolbed nursery at Prince George, BC, is owned by PRT Growing
Services Ltd.’s Red Rock Nursery®, and produces unrooted willow stock under
contract to Bionera. It produced 30,000 willow cuttings in 2015 for training
purposes, and hopes to increase production in 2016. The intent is to
develop a self-propelled whip cutter and bundler which will allow easier
transport of the material to a processing building where it can be sorted,
sized and packaged. Bionera is transitioning from using a cutting planter to a
whip planter. An important aspect of this shift is the strict requirement for

! Kruger Products LP in British Columbia ended its poplar growing business in 2012 after a long and
successful program.

2 Bionera is a wholly owned subsidiary of PRT Growing Services Ltd. - http://www.bionera.com/. PRT
Growing Services Ltd. is the owner of the stoolbeds, which grow willow and poplar stock under
contract to Bionera.

® http://www.esf.edu/willow/

* http://lantmannen.se/en/start/press-och-media/news-and-press-releases/lantmannen-in-strategic-
partnerhip-for-plant-breeding/

S http://willow.cals.cornell.edu/

® http://www.prt.com/
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certain growth attributes, such as straight stems and a uniform distribution
of stem diameters. These attributes influence the selection of desirable
willow varieties for future use, based on such strict growth attributes as well
as yield potential.

Agro Energie', a Canadian farm enterprise in Quebec, has been in business
since 2006 to develop short-rotation willow coppice as a ‘stable and efficient
biomass crop’ for the bioenergy and bio-refining industry. Besides producing
willow biomass feedstock, the company also produces willow cuttings for
sale in Ontario, Quebec and the Maritime Provinces of New Brunswick, Nova
Scotia and Prince Edward Island.

b. Planted Forests

‘Planted Forests’ are taken here to include forest ecosystems which have
been converted from natural or indigenous forests to plantations dominated
by poplar - hybrid poplar, eastern cottonwood, balsam poplar or black
cottonwood. Typically these plantations are extensively managed, but may
have received substantial mechanical site preparation to aid in planting and
in controlling competing vegetation. For the purpose of this report, forest
areas with P. xjackii — the spontaneous hybrid between P. deltoides (¥) and
P. balsamifera (3) found in Ontario and Quebec — are not considered as
‘planted forests’. Nor are plantings of native or hybrid poplar species carried
out to reclaim roads, landings used in forest harvesting, etc.; these account
for only a small percentage of the entire forest area.

Before Kruger Products LP ceased management of poplar on its private and
provincially-owned Crown forestland” in BC in 2012, the company harvested
forest stands with a high component of native black cottonwood on Crown
forestland and converted these lands into poplar stands, primarily with
hybrid poplar. The company often used a small hydraulic excavator to
prepare planting spots by mounding the soil to ease establishment of
unrooted poplar whips. Such planting spot preparation not only facilitated a
more systematic plantation layout, it also prevented encroaching competing
vegetation from overtopping and thus competing for light with the newly
planted poplars. An added benefit was that mounding increased the soil
temperature, stimulating root initiation and development. This proved to be

! http://agroenergie.ca/en
2 Kruger Products LP operated the only deciduous Tree Farm Licence in the Province of British
Columbia. The company did not plant beyond the spring of 2012.
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a very successful strategy and was considered an ‘extensive’ management
regime (vs. the SRIC systems used on farmland). Fill-planting, when
necessary, was often opportunistic, using locally harvested whips of black
cottonwood. The isolation of these forest stands on alluvial floodplains in
several BC coastal inlets did not justify the cost of shipping in new planting
stock from the nursery. Although these new forest stands were dominated
by vigorously growing hybrid poplar, they often had a substantial component
of black cottonwood, either from fill-planting a year later or from
spontaneous vegetative reproduction of buried black cottonwood branches
after the harvesting process. With the cessation of the company’s poplar
operations, planting hybrid poplar on provincially-owned Crown land has
stopped.

The only other province where reforestation of forestlands with hybrid
poplar takes place is Quebec, where it occurs on both provincially-owned
forestland and private forestland. Réseau Ligniculture Québec' reports that
in the period 2012-2015, approximately 3,100 ha of new hybrid poplar
plantations were planted by the forest industry in several regions of Quebec,
a slight decrease from historic levels.

Quebec 2012-2015 Area of poplar planted (ha)

Private Provincial Total
Domtar? 1,600 - 1,600
Norampac3 218 - 218
Other companies - 1,282 1,282
Total area planted 1,818 1,282 3,100

This brings the total area of hybrid poplar plantations managed by the forest
industry in Quebec to an estimated 12,000 ha, of which Domtar manages
approximately 5,000 ha on their privately-owned forestlands.

Chemical fertilizers are not generally used in plantation management in
Quebec due to the high expense and the relatively long period required to
amortize the investment. Norampac obtains provincial approval to apply

! http://www.rlg.ugam.ca/

2 Domtar Corporation is a large pulp & paper company

3 Norampac, a packaging company, is a division of Cascades Canada ULC. It is unclear what proportion
of Norampac’s 218 ha of planting was on company-owned farmland and could have been classified as
SRIC crops of hybrid poplar.
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industrial ash and biosolids® on its farmland as a soil amendment. Domtar
also uses soil amendments, including lime, industrial ash, municipal and mill
biosolids, to improve its forest sites.

Hybrid poplar clones used in Quebec are provided by the Ministére des
Foréts, de la Faune et des Parcs (MFFP) for the different regions on the basis
of clonal trials conducted by the Ministry. The majority of these plantations
have been established with stand densities from 800 to 1,111 stems per ha
on forest sites that were previously harvested by clearcutting. The expected
yields are 200-250 m? over a 15-25 year rotation (harvest cycle). Poplar
wood from plantations will be used to augment traditional fibre supplies for
pulp and paper mills and OSB mills.

Small private forestland owners in Quebec planted nearly 320 ha of hybrid
poplar plantations during the period 2012-2015, bringing the total on small
forestland holdings to 1,400 ha.

c. Indigenous Forests?

Poplar occurs in indigenous forests in Canada primarily in forest ecosystems
in the boreal forest region (see map on page 6) dominated by natural
trembling aspen, in which there are often minor components of balsam
poplar and, in British Columbia, black cottonwood>. The latter two species
are found on better forest conditions such as riparian sites.

Throughout British Columbia, indigenous forests, whether boreal or not, may
contain minor components of black cottonwood. In the more southern
regions of Manitoba, Ontario, Quebec, New Brunswick and Nova Scotia,
components of bigtooth aspen (P. grandidentata) are found in a number of
different forest ecotypes.

Indigenous aspen forests in the boreal forest zone usually have a significant
component of coniferous species. Without human intervention in these
boreal aspen-dominated forests, naturally occurring forest fires result in a

! Biosolids or sludge (in this case ‘boues d’usines’ — industrial biosolids). Biosolids result from the
treatment of wastewater (often municipal) which removes the solids (sludge) from the liquid effluent.
2 See also footnote to table on page 51 in regard to definition of ‘indigenous forests’.

* Black cottonwood (P. trichocarpa) occurs naturally throughout the forest regions of British Columbia,
including the northeastern boreal region of the province and the adjoining northwestern boreal
region of Alberta. Black cottonwood and balsam poplar (P. balsamifera) interbreed freely where they
occur together.
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continuous cycle of forest renewal, often enabling the aspen to regenerate
in overwhelming numbers of stems thus dominating the boreal landscape.
However, where fire has been absent for many years, whether by chance or
as a result of fire control, these indigenous forests slowly develop into a
climax forest dominated by coniferous species.

Natural regeneration of trembling aspen is usually prolific from existing root
systems and requires little extra planting effort, except in the rehabilitation
of abandoned forest access roads, landings used in forest harvesting and
areas disturbed by oil and gas exploration. Rehabilitation planting takes
place with rooted cuttings of aspen or with unrooted cuttings or whips of
balsam poplar, and in some instances black cottonwood.

Much of these aspen-dominated forests is included in commercially
important harvest licences. In some cases these licences authorize more
than one company to utilize the timber: one is licensed to harvest the
coniferous component, while the other harvests the aspen.

d. Agroforestry

In the context of poplar and willow in Canada, agroforestry generally involves
plantations of poplar or willow established outside of forests, where the
woody species are managed to benefit primary agricultural production.
Examples of agroforestry with poplar and willow in Canada include
production of beef cattle with the trees providing shade and shelter, row
cropping with the trees providing protection from wind, and planting poplar
or willow to provide shade to enhance crops such as mushrooms and certain
berry crops which require shade.

In Alberta, the Agroforestry and Woodlot Extension Society® (AWES) provides
information annually to more then 500 livestock producers throughout
Alberta on proper design of shelterbelts to reduce stress on livestock during
winter and summer months, to protect dugouts, providing water for cattle,
from aerial contaminants and to keep substantial snow drifts off haying areas
in winter. The shelterbelts have a critical component of hybrid poplar in the
outside rows, which protects the slower-growing white spruce (Picea glauca)
in the centre row from wind stress. AWES in Alberta wants to investigate the
influence of single-row poplar shelterbelts on crop productivity. The Society

! http://www.awes-ab.ca/home.html
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has identified a lack of research applicable to current cropping methods used
and is seeking funding to carry out this research.

In 2000, Quebec researchers at the Fiducie de recherche sur la forét des
Cantons-de-I'Est (FRFCE)! initiated afforestation trials with several hybrid
poplar clones on different parcels of abandoned farmland in southern
Quebec. The purpose was to measure the effect of clones and sites on the
development of an understory of non-timber forest products, specifically
medicinal plants. Results will be published.

e. Trees Outside Forests — SRIC Systems for Wood Production

For the purpose of this report, ‘Trees Outside Forests’ refers to ‘short-
rotation-intensive-culture (SRIC)’ crops’ of poplar or willow managed on an
agronomic basis and typically located on farmland. SRIC crops may involve
intensive soil preparation, systematic crop layout and intensive mechanical
and/or chemical weed control throughout the crop rotation, with one
rotation potentially including several harvest cycles in the case of coppicing.

SRIC systems are primarily managed for the production of wood for end uses
such as feedstock for bioenergy (using a coppice system), chemicals,
mechanical and chemical pulp manufacture, engineered wood products
(including OSB, plywood and parallel strand lumber), veneer and lumber
products. SRIC crops are also managed to provide environmental services,
such as the disposal of municipal or industrial biosolids and effluent, with the
beneficial side effects to the crop of an organic fertilizer.

Willow for fibre production

In British Columbia, PRT Growing Services Ltd. has established 30 ha of
various willow varieties (and a few hybrid poplar clones) on its private land
near Prince George. The operation began as a viability trial but is
transitioning into harvesting of cuttings and whips3, and in some cases
chipping for biofuel. The plantation is located on land that a decade earlier
produced conifer bareroot planting stock for the forest industry. The
company switched over to greenhouse production of containerized conifer

! http://www.frfce.qc.ca/ - the forest research trust of the Eastern Townships.

% In the USA, equivalent systems are referred to as short rotation woody crops (SRWC). Besides
poplar and willow, SRWC includes other woody species, such as Eucalyptus spp. and Platanus
occidentalis (American sycamore).

? Cuttings and whips are sold to the company’s wholly-owned subsidiary Bionera Resources Inc.
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stock and decided to use the land to grow willow biofuel feedstock to heat its
greenhouses; the willow biomass produced for heating will displace the use
of natural gas. A wood chip furnace was installed, which is currently running
on 95% mill waste chips and 5% willow, harvested from its SRIC cropland.
Over the next five years the company hopes to increase the willow
proportion to about 50% of its annual feedstock requirements, approximately
300 tonnes of chips per year.

The company is evaluating the performance of its SRIC willow varieties and
has identified 5 ha with desirable willow varieties that will eventually be
scaled up to provide the required feedstock, as well as cuttings and whips for
its client; this area receives enhanced treatment with fertilizer and improved
pest and weed control. The remaining 25 ha will eventually be harvested and
converted to the better willow varieties. The production of cuttings and
whips, and the associated land management, fits in well with the greenhouse
side of the operation and provides additional employment opportunities for
its seasonal workforce.

PRT Growing Services Ltd. is also working on an agreement with the city of
Prince George to receive and utilize municipal biosolids as a soil amendment
for the very sandy soils in the company’s stoolbed area and SRIC willow
bioenergy plantation. Several years ago biosolids were applied in a large-scale
trial, which had a very positive impact on the site’s productivity and the soil’s
moisture-holding capacity. The willow crop experienced a very significant
boost in productivity; however, one observed side effect was an ‘exploding’
weed problem?, which led to the development of a more effective weed
control strategy.

Bionera Resources Inc. is PRT Growing Services Ltd’s wholly-owned
subsidiary. The company established approximately 160 ha of SRIC willow
crops in 2014 and 190 ha in 2015 on marginal agricultural land in Alberta, and
is projected to establish another 200 ha in 2016. These multi-purpose SRIC
willow crops will utilize municipal biosolids to produce biomass for
composting and to improve soil productivity. Bionera is transitioning from
using a cutting planter to a whip planter, which has favourably impacted the
productivity of the stoolbed operations at PRT Growing Services Ltd, as well
as in its own planting operations.

! personal observation Cees van Oosten
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Research on willow has been on-going in Quebec for many years, laying the
groundwork for potential commercial uses of willow for various purposes.
Agro Energie in Quebec’ has specialized in the production of SRIC willow
coppice and has established over 300 hectares of SRIC willow crops, using
more than 30 native and hybrid willows.

Studies® were initiated in 2011 to determine which combinations of soil,
climatic conditions and cultivars are conducive to greater growth in eastern
Canada. The performance of five willow cultivars was followed over three
growing seasons on eight sites representing a large hydro-climatic gradient.
The results indicate that, at the landscape level, climate variables largely
explain the yield of the selected willow varieties. Nonetheless, soil pH,
extractible P and clay content likely also play an important role in crop yield.

In another Quebec studya, silt content, pH, exchangeable soil Ca and Mg, and
organic C were all significantly and linearly related to aboveground yields.
Annual yields were generally negatively correlated with drought within and
across sites, supporting the earlier finding that climate variables largely
explain the yield of the selected willow varieties.

Poplar for fibre production

In Alberta one major forest corporation, Alberta-Pacific Forest Industries Inc.
(AlPac) manages approximately 10,000 ha of SRIC hybrid poplar crops on
leased farmland. These crops are located close to the mill and will augment
traditional trembling aspen fibre supply from provincially-owned Crown
forestland in the ‘Green Area’, which the company manages under a Forest
Management Agreement (FMA) with the province. AlPac ceased all new
hybrid poplar planting activities in 2012 for economic reasons; a planned
increase in mill capacity was put on hold and the company decided to add
softwood fibre to its feedstock for the Kraft mill. Plans are to start harvesting
the SRIC hybrid poplar on their poplar farm once trees start to reach
merchantable size; the first harvests are expected within the next five year
period.

! http://www.agroenergie.ca

2 personal communication Michel Labrecque, Institut de recherche en biologie végétale, Université de
Montréal.

% personal communication Michel Labrecque, Institut de recherche en biologie végétale, Université de
Montréal.




Page 25 of 87

Even though AlPac decided not to continue planting, the company is still
managing the 10,000 ha poplar farm. The company’s website’ reports it is
still involved in poplar farm research and is testing thousands of hybrid poplar
genotypes.

In Quebec, Norampac has planted 218 ha of hybrid poplar on company-
owned farm- and forestland; it is unclear what proportion of this was planted
on the farmland. The company has been planting privately-owned fallow
farmland since 1996 using the same techniques throughout this period.
Industrial ash and biosolids are spread and ploughed under, followed by
harrowing to break up and smooth out the soil surface to get the site ready
for mechanical planting of the poplar crop. The company plants 700 stems
per ha and for the first three years, an offset disk harrow is used between the
planted rows to control weeds (no herbicides are used). The purpose of
these SRIC hybrid poplar crops is to produce sawlogs, with a by-product of
wood chips that can be used in the production of corrugated cardboard for
packaging.

f. Trees Outside Forests — SRIC Systems for Environmental Uses

In this category, SRIC systems are managed primarily to provide
environmental services, but production of wood fibre is often a secondary
consideration.

Passive Remediation Systems Ltd.? in British Columbia uses hybrid poplar
clones adapted to the dry Interior of British Columbia on small
phytoremediation projects. Currently two projects use irrigated leachates
from active landfills. In one project in Salmon Arm a hybrid poplar plantation
growing on a capped and decommissioned municipal landfill intercepts
leachate from reaching the groundwater. An interesting aspect of this landfill
is that leachate is also pumped back under the cap into the landfill, where it
stimulates the production of methane gas that is subsequently collected,
treated and then injected into an adjacent natural gas pipeline. The pumped-
back leachate is again collected at the bottom of the landfill and is re-
circulated through a settling pond before being used again for irrigation.
Carbon credits have been sold, which will offset the cost of the project.

! https://alpac.ca/forest-sustainability/research-and-monitoring/intensive-management
2 WWW.psri.ca
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The company is also experimenting with small-scale production of biochar
from non-contaminated poplar wood, bark and foliage in anticipation of
future demand for this highly effective form of soil amendment.

Researchers at the Fiducie de recherche sur la forét des Cantons-de-1'Est
(FRFCE) in southern Quebec recently reported® on the impact of narrow
buffers planted with hybrid poplar in riparian zones bordering small streams
in watersheds with contrasting agricultural land use. Prior to planting tree
buffers, the riparian areas were covered by herbaceous plants. The main
benefits of treed buffers are accumulation of carbon, and uptake of nitrogen
and phosphorus that would otherwise have entered the streams. In addition
to these beneficial environmental attributes, the buffers also present an
opportunity to harvest stem biomass for fuelwood to heat local farm
buildings, displacing fossil fuels.

3. Genetics, Conservation and Improvement

a. Salix

One of the challenges being faced by researchers and end-users is the lack of
willow clones appropriate for biomass production, that are adapted to the
climatic conditions of Canada’s Prairie Provinces and the adjacent central and
northern Interior of British Columbia. In the absence of a willow breeding
program in western Canada, Bionera and researchers with Natural Resources
Canada - Canadian Forest Service (CFS) have imported superior willow clonal
material from breeding programs in the United States, Sweden and the
United Kingdom.

Most of the European material was imported into Canada after quarantine at
the State University of New York in Syracuse, NY and at Cornell University in
Ithaca, NY. Ten Swedish clones from Lantmannen, four clones from SUNY
and 14 clones from Rothamsted Research Ltd. in the UK were established by
the CFS in small plantings in Alberta and are monitored for winter shoot die-
back and root kill. Of the 14 Rothamsted clones, established in 2013 and
2014, seven were imported directly from the UK as micro-propagated
plantlets in sterile growth media; these are still in quarantine at the CFS lab in
Edmonton (AB). Bionera has tested over 14 SUNY and Lantmannen clones in
Alberta and the central Interior of British Columbia. Early results show that
many of these clones are suitable for deployment in west central to southern

! Forests 2016, 7, 37; doi:10.3390/f7020037 - www.mdpi.com/journal/forests
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Alberta, but some shoot dieback does occur depending on the year and the
clone. No root system mortality has been observed to date.

The Institut de recherche en biologie végétale, Université de Montréal in
Quebec conducted research’ to establish the phylogenetic structure of the
genus Salix using molecular data on 122 native and introduced willow species
of North America®. The work provided strong support for a division of the
genus into two subgenera, Salix and Vetrix. The genus Salix clearly has two
clades® which have distinct biogeographic patterns.

Agriculture and Agri-Food Canada (AAFC) in Saskatoon, Saskatchewan,
established and manages one of the largest in situ collections of Salix
(AgCanSalix) genetic resources at Indian Head, Saskatchewan®. This genetic
resource is presently being managed mainly for purposes of bioenergy
feedstock development and environmental applications. In order to develop
feedstock with improved yields for the Canadian climate, AAFC’s priority has
been to assemble genetically diverse base populations, from which parents
can be selected for controlled pollination. Currently, AgCanSalix encompasses
native wild collections of various willow species to ensure vast genetic
diversity. Work is in progress to develop genomic and phenotypic resources
for the AgCanSalix collection, while a reference genome is being assembled at
AAFC in Saskatoon, SK.

In 2013, AAFC at Indian Head carried out willow breeding and continues to
manage and maintain the material at the site of the former Shelterbelt
Centre.

The Atlantic Forestry Centre” of the CFS in Fredericton, New Brunswick, is
field testing eight promising North American willows to identify clones with
superior growth performance (biomass production) and adaptability to the
highly disturbed, infertile sites associated with mining operations in eastern
and central Canada. The goal is to use willows to revegetate areas associated

! personal communication Michel Labrecque, Institut de recherche en biologie végétale, Université de
Montréal.

2 phylogeny is the evolution of a genetically related group of organisms as distinguished from the
development of the individual organism.

*A‘clade’ is a group of biological taxa that includes all descendants of one common ancestor.

* Personal communication Raju Soolanayakanahally. See also http://www.biofuelnet.ca/wp-
content/uploads/2015/08/Raju-Advanced-Biofuel-Symposium-2015.pdf.

® Personal communication Alexander Mosseler, Research Scientist, Atlantic Forestry Centre, Natural
Resources Canada - Canadian Forest Service.
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with wetlands and riparian zones in order to begin the successional processes
required for natural (or artificial) forest restoration. The CFS recently listed 10
selected clones of Salix eriocephala and S. discolor in the Poplar and Willow
Clone Directory, maintained by the Poplar and Willow Council of Canada
(PWCC).

b. Populus

The genus Populus is represented in Canada by six naturally occurring species
(and one subspecies):

Species Section Common name(s) Distribution

Populus deltoides | Aigeiros | Eastern cottonwood_| Southern Ontario and Quebec |

P. deltoides Plains cottonwood South-western Alberta and

(subsp. monilifera) southern Saskatchewan

P. balsamifera Tacamahaca | Balsam poplar All provinces and territories;

_________________________________________________________ mainlyin the borealzone |

P. trichocarpa Black cottonwood British Columbia and south-

_________________________________________________________ western Alberta ]

P. angustifolia Narrowleaf South-eastern British Columbia

cottonwood and south-western Alberta

P. tremuloides Populus Trembling aspen All provinces and territories

Quakingaspen | ]

P. grandidentata Bigtooth aspen Southern Manitoba, Ontario,
Quebec, New Brunswick and Nova
Scotia

Three species are commercially significant: in order of decreasing
commercial importance, P. tremuloides (trembling aspen), P. balsamifera
(balsam poplar) and P. trichocarpa (black cottonwood). P. balsamifera and P.
trichocarpa hybridize spontaneously where their ranges overlap in
northwestern BC. P. balsamifera and P. deltoides (eastern cottonwood) are
also known to hybridize spontaneously where their ranges overlap in
southern Ontario and Quebec; the offspring are known as P. xjackii .

POPCAN Project on poplar genomics

Researchers at the University of British Columbia, University of Victoria,
University of Alberta, University of Toronto, and Agriculture and Agri-Food
Canada (AAFC) collaborated from 2011 to 2015 on the POPCAN' project

! http://www.genomebc.ca/index.php?clD=952, or http://www.genomecanada.ca/en/popcan-
genetic-improvement-poplar-trees-canadian-bioenergy-feedstock-0




Page 29 of 87

funded by Genome Canada and Genome BC. The overall goal of the project
was to employ genomic information and tools towards the improvement of
Populus genotypes to enable the establishment of sustainable, renewable
lignocellulosic raw material from managed plantations. One specific goal of
the project was to thoroughly understand the genetic underpinnings of tree
growth (biomass accumulation) and biofuel trait variation (cell wall
biosynthesis) in two poplar species, Populus trichocarpa and P. balsamifera,
suitable for deployment as pure species or hybrids on the Canadian landscape
and to use this information to accelerate Populus breeding and selection for
economically viable poplar plantations for bioenergy or traditional uses in
Canada. Other goals were to understand the genetic basis of adaptation to
environment by different North American poplar species, and to shed light on
the role played by gene expression variation and epigenetics on trait variation
in Populus. An integrated social sciences research component - ‘GE3LS’" - was
intended to provide a framework for land use change, and make
recommendations on economic and public policy to guide the development
and establishment of poplar plantations in Canada.

The POPCAN project® sequenced 1,194 Populus genomes, which were aligned
to the P. trichocarpa reference genome, including genomes of 435 unique P.
trichocarpa genotypes grown in a common garden at UBC (Totem Field
collection) and 478 P. balsamifera genotypes grown in common gardens at
AAFC’s facilities in Indian Head and Prince Albert, Saskatchewan. A significant
and novel finding was that P. trichocarpa populations in northern and interior
BC are significantly admixed with P. balsamifera alleles in specific genomic
regions, and that this introgression contributes to adaptation.

POPCAN phenotyped 435 unique accessions in the P. trichocarpa Totem Field
collection for 85 phenology, biomass/growth, gas exchange/nutrient
acquisition, foliar, and health/disease (susceptibility to Melampsora spp. and
Septoria spp.) traits, and for 25 wood- and bioenergy-related traits (solid
wood traits, lignin, cell wall carbohydrates, alpha cellulose, and cellulose
crystallinity). Phenotyping was completed for the same wood- and bioenergy-
related traits in two of the replicate P. balsamifera trials and in addition,
phenotyping of 477 accessions was completed at Indian Head for phenology,
biomass, and carbon isotope (water use efficiency) traits. These phenotypic

! http://taigaforesthealth.com/ResearchActivities/GE3Ls.aspx#dynamics

? personal communication POPCAN project leaders Carl Douglas, Department of Botany, University of
British Columbia and Shawn Mansfield, Canada Research Chair in Wood and Fibre Quality,
Department of Wood Science, University of British Columbia.
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data are the most extensive for tree species to date, and provide
unprecedented information on trait variation relevant to bioenergy and
biomass for association and genomic selection applications for population
improvement.

POPCAN research used P. trichocarpa data on genetic polymorphism (SNP?)
and phenotypic variation in the 110 traits, with the goal of identifying SNPs
significantly associated with phenotypic variation in any of the 110 traits, and
initiated genomic selection as a tool for poplar feedstock improvement.
Results included:

— identification of candidate SNPs, associated with key bioenergy and wood
quality traits, that offer the possibility of marker assisted breeding;

— identification of the sex determination in poplar, where highly accurate
markers were developed to predict gender, using vegetative tissue from
trees at any stage of development before flowering, which was not
previously possible; and

— identification of 40 SNPs within 26 unique P. trichocarpa genes
significantly associated with Melampsora rust severity measured in the
field over 3 years; two SNPs were repeated in all three years suggesting
non-race specificity and three additional SNPs were differentially
expressed in other poplar rust interactions; the five SNPs have orthologs2
in Arabidopsis; these findings are of significance for speeding the genetic
improvement of this long-lived, economically important organism.

Other tree genomics research

Other current research? at the University of British Columbia includes:

— an evaluation of the genotypic and phenotypic plasticity of willow
accession for cell wall and biofuels traits;

— an investigation of the molecular underpinnings of salt tolerance for
trees, with the aim of planting genotypes for land reclamation on natural
gas sites;

— aproject investigating the ability of poplar and willow genotypes to
compartmentalize luxury phosphorus; this work is being used to supply
appropriate genotypes to act as biofilters for excess phosphorus uptake;

LSNP - single-nucleotide polymorphism.

2 Orthologs - genes in different species that evolved by speciation from a common ancestral gene.
® Personal communication Shawn Mansfield, Canada Research Chair in Wood and Fibre Quality,
Department of Wood Science, University of British Columbia.
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the project will also investigate the molecular response and use reverse
genetic tools to test candidate genes;

— several projects that use transgenic technologies to re-wire the lignin
biosynthetic pathway in poplar with an attempt to alter the cell wall
chemistry;

— several projects investigating the fate of sucrose in poplar, using several
techniques to alter carbon partitioning to alter the allocation of carbon
towards carbohydrate biosynthesis; and

— aplanned project to investigate the ability of P. balsamifera, P.
tremuloides and Alnus rubra (red alder) to tolerate heavy metals
generated by mining activities (currently under application and under
review with Genome Canada).

Research at the University of Alberta® is being carried out to explore the
underpinnings of hybrid vigour in a pure species, P. balsamifera. This
research is taking advantage of a breeding project and associated field trials
conducted by Alberta-Pacific Forest Industries Inc. (AlPac) and the Quebec
Direction de la recherche forestiere, Ministére des Foréts, de la Faune et des
Parcs. Breeding was conducted within local populations as well as between
provincial populations. Three field trials are being measured for growth and
phenology and a greenhouse trial conducted with selected progeny (based on
a range of field performance) and parents to assess hormone levels, growth
responses and DNA sequencing information to determine any apparent
hybrid vigour.

Agriculture and Agri-Food Canada (AAFC) in Saskatoon, Saskatchewan, also
established and manages a large in situ collection of P. balsamifera
(AgCanBaP) genetic resources at the former Shelterbelt Centre at Indian
Head, Saskatchewan?’. This is presently being managed mainly for purposes of
bioenergy feedstock development and environmental applications. In order
to develop feedstock with improved yields for the Canadian climate, the
priority has been to assemble genetically diverse base populations, from
which parents can be chosen for controlled pollinations. Currently, AgCanBaP
encompasses native wild collections sourced across Canada to ensure vast
genetic diversity among genotypes/populations in growth phenology,

! personal Communication Barbara Thomas, Industrial Research Chair in Tree Improvement,
Department of Renewable Resources, University of Alberta.

? personal communication Raju Soolanayakanahally, AAFC, Saskatoon, SK. See also
https://www.yumpu.com/en/document/view/4770451/fifth-international-poplar-symposium-
poplars-and-willows-from-/53.
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physiology and molecular genetic variants (N = 1000; 65 populations).
Researchers at the University of British Columbia used a subset of 500 native
P. balsamifera to sequence the entire genome, in addition to generating
extensive phenotypic data. Multi-year breeding efforts at AAFC have
generated both intra- and inter-specific hybrids.

Researchers at Concordia University® in Montreal (QC) have been
reconstructing the phylogeny of poplars using genomic sequence data. The
resulting information will allow detailed examination of evolutionary trends
in the genus Populus and testing of numerous hypotheses related to
evolution of forest trees. The comparative analyses of genome sequence
data allow development of species-specific molecular markers for studying
natural hybridization, genetic architecture and dynamics of hybrid zones and
assessing the parentage in poplar breeding programs. One of the stated
objectives is to provide training of students in poplar genetics work.

Poplar breeding and improvement research

In cooperation with the Direction de la recherche forestiere of the Quebec
Ministére des Foréts, de la Faune et des Parcs (MFFP) and the Réseau
Ligniculture Québec, the Poplar and Willow Council of Canada hosted a
Genetics Workshop in August 2012 in Québec City. The workshop focused
mostly on the long-term conservation of poplar and willow genetic resources,
the development of a national genetics and breeding strategy, and the
promotion of the Canadian poplar and willow species collections and cultivars
originating from several public and private organizations.

The MFFP has been involved in a hybrid poplar breeding and improvement
program since 1969. The program has produced superior hybrid poplar clones
for deployment on both provincially-owned and private lands. Selected
clones are suited to the highly varied growing conditions in Quebec. The
following selection criteria are used: growth, cold tolerance, tree form,
disease and insect resistance, and site adaptability. Five poplar species are
used for hybridization: P. deltoides, P. balsamifera, P. maximowiczii (Japanese
poplar), P. trichocarpa and P. nigra (black poplar). The MFFP has more than
10,000 clones under evaluation and the program has more than 40
operational hybrid poplar clones (Aigeiros-Tacamahaca hybrids) available for

! personal communication Selvadurai Dayanandan, Concordia University, Montreal, QC. See also:
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0103645.
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deployment. To maintain genetic diversity, the MFFP strives for 10-15 clones
per planting region. For southern Quebec the presence of Septoria musiva®
stem canker drives the breeding and selection of new clones. New fast-
growing MN (P. maximowiczii x P. nigra), MB (P. maximowiczii x P.
balsamifera), and DM (P. deltoides x P. maximowiczii) clones, resistant to
Septoria musiva, or clones with a high tolerance to cold damage, were
recently selected and added to the list of hybrid poplars available for
deployment in the province.

The MFFP selected parental trees of P. trichocarpa and P. maximowiczii that
were crossed in 2012 to produce MT (P. maximowiczii x P. trichocarpa) and
TM (P. trichocarpa x P. maximowiczii) progenies for mass selection of fast-
growing hybrid clones for biomass, and TT (P. trichocarpa x P. trichocarpa) to
obtain a new intraspecific generation of P. trichocarpa.

Research carried out by the Université du Québec en Abitibi-Témiscamingue
(UQAT)2 on clonal diversity in natural stands of P. tremuloides and P.
balsamifera has shown that, after fire or harvest, genetic diversity is
preserved in the root systems due to extensive root grafting between trees
and the maintenance of live parental root structures. Roots of dead trees are
kept alive by other trees and will resprout after severe site disturbance.
These root connections between trees also help trees to cope with stress
caused by, for instance, forest tent caterpillar (Malacosoma disstria)
outbreaks and summer drought episodes.

4. Forest Protection

a.

Biotic factors
Septoria musiva on poplar

The genus Populus is susceptible to a range of pathogens, of which Septoria
musiva stem canker is the most devastating in hybrid poplar plantations in
North America. In British Columbia the pathogenic fungus Septoria musiva
was confirmed present in 2006° in a hybrid poplar stoolbed in the Fraser
Valley, approximately 120 km east of Vancouver®. This was the first

! Although the scientifically-correct name for this ascomycete fungus is Sphaerulina musiva
(teleomorph: Mycosphaerella populorum), most practitioners still refer to it as Septoria musiva.
2 personal communication Annie DesRochers, Université-du-Québec-en-Abitibi-Témiscamingue.
% https://www.pnwfungi.org/index.php/pnwfungi/article/viewFile/1035/675.

* Personal communication Harry Kope, Provincial Forest Pathologist, Ministry of Forests, Lands &
Natural Resource Operations, BC.
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confirmed occurrence of the disease west of the Rocky Mountains in North
America. Septoria was subsequently found also in numerous hybrid poplar
plantations in the Fraser Valley. The fungus can cause serious stem cankers
on hybrid poplar, leading to stem breakage and in some cases to complete
mortality of the trees. Many hybrid poplar plantations planted on private
land in the Fraser Valley proved to be affected, with the level of damage
varying substantially from clone to clone. Subsequent to this discovery, the
British Columbia Ministry of Forests, Lands and Natural Resource Operations
(MFLNRO) conducted surveys, which confirmed the fungus had successfully
transferred to the native black cottonwood (Populus trichocarpa) at several
locations in the Fraser VaIIeyl. Black cottonwood is an important riparian and
floodplain species found throughout the province.

Since then the fungus has also been detected on southern Vancouver Island
and in 2015 in the Okanagan Valley in the BC Interior. The spread outside the
Fraser Valley is almost certainly associated with inadvertently moving
infected planting material from infected nursery sources. The MFLNRO has
proposed control measures that would include mandatory treatment of
stoolbeds, bareroot beds and cuttings prior to movement to new sites and
restricting the use of known susceptible hybrids.

This pathogen and its close relative Septoria populicola have been the subject
of recent research at the University of British Columbia (UBC). A research
team at the Faculty of Forestry at UBC worked on the TAIGA? project to
develop a ‘portable’ on-site diagnostic tool and a high-throughput forest
pathogen identification (DNA analysis) service to identify the presence of a
pathogen, by developing and translating genomics resources into
applications. This is particularly important in the case of new and/or
inadvertently introduced forest pathogens, such as Septoria musiva in British
Columbia, where it was not known to be present before 2006. The ultimate
goal of this research is not only to identify the pathogen, but also predict the
risk it poses to the forest ecosystem. The high-throughput forest pathogen
identification was used extensively in BC to identify Septoria musiva in hybrid
poplar plantations and in natural P. trichocarpa stands, and to distinguish it
from its close relative S. populicola, which is a naturally occurring pathogen in
BC and does not cause stem cankers.

! Personal communication Harry Kope, Provincial Forest Pathologist, Ministry of Forests, Lands &
Natural Resource Operations.
2 TAIGA - Tree Aggressors ldentification using Genomic Approaches - http://taigaforesthealth.com/
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Septoria musiva causes necrotic lesions on the leaves and cankers on highly
susceptible poplar clones, leading to stem deformation that is often lethal
and predisposes the tree to colonization by secondary organisms; this
deformation often leads to stem breakage. The related species S. populicola
causes only an endemic leaf spot on native poplars and susceptible hybrids.
To assess the genetic determinants of wood colonization leading to canker
formation, the UBC researchers® sequenced and compared the genomes of
these two species.

They identified a cluster of 11 genes that produce a toxin unique to S. musiva
and are co-activated when the canker pathogen is grown on artificial media
enriched with host-derived carbon sources such as poplar leaf-extract and
poplar wood chips. Strong discordance between the cluster and the species
phylogenies suggested that it was acquired in S. musiva through a horizontal
transfer from ascomycete fungi associated with wood decayz. In addition,
genes involved in the degradation of hemi-cellulose were more abundant in
the genome of S. musiva and highly expressed when the pathogen was grown
on artificial media enriched with poplar wood chips. Two of these genes have
been acquired horizontally from bacteria donors.

The research concluded that the acquisition, maintenance and expression of
such a gene arsenal is necessary for growth in woody tissues and seems to be
at the origin of the adaptation of S. musiva to infect and colonize poplar
woody stems.

In a follow up to TAIGA, funding for which ended in 2015, the UBC
researchers® have proposed to sequence and characterize the genomes of
the most important fungal pathogens of poplar and pines that constitute
their ‘Pathobiome’®. Early detection, monitoring and surveillance, as
discussed for TAIGA, are important aspects in preventing outbreaks but are
hampered by a lack of genomic resources. Essentially, the ability to predict
pathogenic potential and evaluate the risk that a micro-organism can cause a
severe outbreak is lacking. Comparison of the genome of pathogens that
infect the same host or the same host tissues, together with the identification
of their unique genomic features, could mitigate this issue. The plan is to

! personal communication Nicolas Feau, Department of Forest and Conservation Sciences, University
of British Columbia.

2 http://www.pnas.org/content/112/11/3451

% personal communication Nicolas Feau.

* http://jgi.doe.gov/a-pathobiome-database-for-bioenergy-trees/
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compare their genomes and to identify the core genome, i.e. common
features, among pathogens that share the ability to attack and defeat the
defence systems of the same host, while differing in their biology,
colonization strategy and symptomatology. In addition, the UBC researchers
will identify unique features within lineages and assess the importance of
horizontal gene transfers in generating novel host-pathogen interactions.
These data will form a basis for translating genomic resources into detection
and monitoring tools.

In collaboration with the Joint Genome Institute, US Department of Energy’,
the plan is to sequence the genome of 18 pathogens, including several poplar
pathogens such as the Ascomycetes Venturia populina, Entoleuca mammata,
Taphrina populi-salicis, Cytospora chrysosperma, Cryptodiaporthe populea,
Septoria populi, and the Basidiomycete rusts Melampsora spp. This
sequencing effort will complete the initial collection of 21 fungal genomes
obtained in the previous Genome Canada TAIGA project. This genome
sequencing will be completed by gene expression analyses on a subset of
eight of these fungi that will help complete the gene predictions and
annotations of these genomes. Preliminary analyses based on a subset of
these data indicated that pathogens attacking angiosperms had more distinct
gene content for plant-cell-wall-degradation-enzymes (PCWDE) than those
attacking gymnosperms. One of the most discriminant PCWDE families was
pectate lyase?, responsible for the cleavage of pectin. Pectin is a major
component of primary cell walls of many angiosperms and pathogens on
angiosperm plants have a higher content in gene encoding for pectate lyase.
Once the sequencing of the 18 additional genomes is completed, a much
clearer picture of the signature genomic profiles of pathogens attacking
poplars and pines will be obtained. This will allow researchers to establish
whether such patterns in genomic profiles can be generalized, used for
prediction of host or tissue specialization and translated into detection and
monitoring tools.

Passive Remediation Systems Ltd. in the Okanagan Valley is a commercial
user of hybrid poplar plant material in phytoremediation and carbon
sequestration projects. The company detected and subsequently reported a
suspected occurrence of Septoria musiva in its poplar stoolbeds and has since
been cooperating with the MFLNRO and the UBC Faculty of Forestry in testing

! http://igi.doe.gov/
2 An enzyme involved in the maceration and soft rotting of plant tissue.
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a fungicidal dip treatment for dormant cuttings; results are pending. The
company also initiated an intensive preventative fungicide spray program in
its crops to prevent further infection; spraying is followed by harvesting of all
dropped foliage to avoid re-infection. The success of these measures still has
to be determined, but they form the basis for a meaningful preventative
treatment protocol that could be used by all poplar nursery and stoolbed
operations in the province, and could ideally also be used by all operations
outside the province which export poplar material to British Columbia.

In Quebec research is being conducted to determine interactions among the
poplar host, the Septoria musiva pathogen and endophytic fungal flora in
poplar. Results are pending.

Ungulate damage

A report from Alberta identified moose (Alces alces) as stripping the bark off
the lower stems of planted hybrid poplar. Damage is serious and frequently
results in the girdled trees dying and breaking off. It was observed that the
moose had clonal preferences. A similar problem was observed several years
ago on Vancouver Island, where Roosevelt elk (Cervus canadensis roosevelti)
stripped bark off lower stems of certain hybrid poplar clones, and in another
case where horses had been allowed to graze in a plantation on Vancouver
Island. Bark stripping can be a very serious problem where poplar is grown
for higher value sawlogs and veneer logs, especially when the trees have
been pruned.

Elsewhere, browsing by deer presents a serious problem. In some cases
plantations have had to be fenced, although the cost of such protection
measures can seldom be justified. The prevalence of deer browsing in British
Columbia and Quebec has led to the use of large stock — large rooted or
unrooted whips have proved a good solution. However, these stock types are
not as effective in preventing moose or elk browsing.

Besides browsing, male deer, elk and moose tend to prefer small trees to rub
their developing antlers and remove the velvet. In some cases trees break off
or are completely girdled in the process.

Rodent damage

Beavers (Castor canadensis) are a constant threat and can destroy large areas
of planted trees overnight; poplar and willow are preferred food sources. On
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northern Vancouver Island, BC, beavers have been found to display a
preference for specific poplar clones.

Insects

In Alberta’s Peace River region (northwest Alberta) insect defoliation
problems were identified in willow in 2014 and 2015; however, the insect
species was not identified.

In Quebec salvage operations were undertaken to harvest native stands of
trembling aspen that were seriously affected by the forest tent caterpillar
(Malacosoma disstria). Research is being conducted in Quebec! to
investigate the genetic diversity and phylogeography® of forest tent
caterpillar in Canada in order to gain insights into genetic structure,
phenotypic diversity and pest outbreak dynamics.

b. Abiotic factors

The main abiotic factor affecting both poplar and willow is the occurrence of
drought during the growing season. This was an issue reported for the
Okanagan Valley in the Interior of British Columbia and in Alberta. One of the
solutions identified for an Alberta planting project was to switch from
unrooted to rooted stock. As a measure to prevent drought-related losses
forest companies in Alberta, and to a lesser extent in Saskatchewan, for many
years used exclusively containerized rooted poplar cuttings for plantation
establishment.

Lack of winter snowpack has also been reported in industrial SRIC hybrid

poplar crops in Alberta as a cause of top dieback. It is very likely that winter
dieback is correlated with drought stress during the growing season.

5. Harvesting and Utilization

a. Harvesting of poplars and willows

Domtar Corporation is reported to have harvested its first hybrid poplar
plantation, which had been established 15 years previously on its own private
forestlands near its pulp and paper mill in Windsor, Quebec. This is the first

! personal communication with Selvadurai Dayanandan, Concordia University, Montreal, QC.
2 Phylogeography is the study and understanding of the relationships found among living things and
their location on Earth.
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such harvest of hybrid poplar pulpwood in the province. There were no other
reports specific to harvesting of poplars or willows in Canada.

b. Utilization of poplars and willows for various wood products

Norampac in Quebec manages hybrid poplar on its private and provincially-
owned forestland for use in the production of corrugated cardboard for
packaging. On its privately-owned farmland the objective is to produce saw
timber, with a by-product of wood chips to be used in the production of
corrugated cardboard.

Several corporations in Canada harvest trembling aspen from extensive
natural forests in the boreal forest zone to manufacture oriented strandboard
(OSB). One corporation in Alberta uses aspen to manufacture Kraft pulp for
the open market.

c. Utilization of poplars and willows as a renewable source of energy
(‘bioenergy’)

PRT Growing Services Ltd. in British Columbia uses a wood chip furnace to
produce heat for its greenhouses. As reported earlier, up to 5% of its chip
requirement comes from its 30 ha of various willow varieties and a few
hybrid poplar clones on its private land near Prince George, BC. The company
hopes to increase that proportion over the next several years in preparation
for expected increases in prices for outsourced chips.

PRT’s wholly-owned subsidiary Bionera hopes to conduct its first large-scale
harvest of SRIC willow crops in the fall of 2016. The company is still working
to obtain the best harvesting equipment.

At the Institut de recherche en biologie végétale of the Université de Montréal
and Montreal Botanical Garden in Quebec, studies® are being conducted to
determine how wood composition and anatomical traits of willow varied in
contrasting environments. Wood anatomy differed between sites in a
cultivar producing high and low density wood, suggesting a probable
response to an abiotic stress. Furthermore, twice as many cellulose-rich G-
fibres, comprising over 50 % of secondary xylem, were found in the high

! These projects were initiated in 2012 and are financially supported by BioFuelNet Canada (BFN), part
of Canada’s Networks of Centres of Excellence (NCE) - http://www.biofuelnet.ca/
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density wood, a finding with potential to bring higher value to the
lignocellulosic bioethanol industry.

6. Environmental Applications’

a.

Site and landscape improvement

In British Columbia the Environmental Farm Plan and associated Beneficial
Management Practices (BMP) programs consider poplar and willow species
as viable plant choices for vegetative buffer, shelterbelt and riparian
management plans that are required prior to the approval of any associated
cost-shared BMP applications®. Shelterbelts are still an integral part of the
agricultural landscape in the Peace Region of north-eastern British Columbia.
However, with the closing of the Shelterbelt Centre, formerly operated by the
Prairie Farm Rehabilitation Administration (PFRA) of Agriculture and Agri-
Food Canada (AAFC), and increasing grain commodity prices, the
implementation or maintenance of shelterbelts in the Canadian prairies is
decreasing annually.

The Agroforestry and Woodlot Extension Society in Alberta reports working
with a land trust in Alberta to ‘seal off’ a valley with a well-adapted hybrid
poplar® in order to facilitate revegetation. The valley is adjacent to a saline
lake, which provides a substantial fetch for wind which can cause great stress
to plants growing in the valley. The concept is for the poplar shelterbelt to
provide a snow fence, allowing less stress-tolerant species to grow into the
areas thus sheltered. In Alberta, balsam poplar is tested and screened for
salinity tolerance, so that tolerant poplars can be planted along shores of
lakes created during the mining of oil sands.

In Saskatchewan poplars and willows are typically included in the list of
acceptable species for reclamation projects, such as roads, mines, water
crossings, and oil and gas development. The University of Saskatchewan is
completing a large program on shelterbelts and their role in mitigating
greenhouse gases (GHGs)®. The program has shown that shelterbelts

! See also Section 2.f Trees Outside Forests — SRIC Systems for Environmental uses.
2 http://www2.gov.bc.ca/gov/content/industry/agriculture-seafood/programs/growing-forward-

2/environmental-farm-plan

% ‘Okanese’, a hybrid of Populus ‘Walker’ and P. xpetrowskyana, originating from the Shelterbelt
Centre at Indian Head, Saskatchewan; it is male, very cold-tolerant and very disease-resistant.
*personal communication Ken Van Rees, University of Saskatchewan, Saskatoon, SK.



Page 41 of 87

sequester significant amounts of carbon, produce fewer GHG emissions than
agricultural fields and increase soil carbon beneath the shelterbelt.

In New Brunswick field tests are being conducted to review performance of
eight native North American willow species'. These tests are aimed at
revegetating highly disturbed sites for purposes of land reclamation and
forest restoration. Researchers have begun to apply results to general land
reclamation on former mine sites in eastern Canada.

b. Phytoremediation

Phytoremediation” is the direct use of living green plants for in situ removal,
degradation, or containment of contaminants in soils, biosolids, sediments,
surface water and groundwater. It is a low cost cleanup technique driven by
solar energy.

There are a few phytoremediation projects in the southern Interior of British
Columbia which use or are experimenting with hybrid poplar. One such
project in which hybrid poplar trees are grown on a capped decommissioned
landfill to intercept leachate from reaching the groundwater is described in
Section 2.f.

Natural Resources Canada - Canadian Forest Service is investigating the use of
willow clones in the restoration of salt-impacted sites® such as shorelines of
so-called ‘end pit lakes’®, peatlands, and seepage sites in the Alberta oil
sands. With industry support, over 80 native and non-native willow clones
were screened in a greenhouse for tolerance to oil-sands-process-affected-
water (OSPW), which is high in sodium. Fifteen of the most tolerant native
Alberta clones from the screening were planted in the spring of 2014 in
various slope positions along the edge of the end pit lake containing OSPW to
determine if these were tolerant under field conditions.

! personal communication Alex Mosseler, Research Scientist, Atlantic Forestry Centre, Natural
Resources Canada - Canadian Forest Service.

? United Nations Environment Programme, Division of Technology, Industry and Economics -
Newsletter and Technical Publications Freshwater Management Series No. 2 -
http://www.unep.or.jp/letc/Publications/Freshwater/FMS2/1.asp

% personal communication Richard Krygier, Natural Resources Canada - Canadian Wood Fibre Centre.
4 Open pit mines turned into lakes which contain tailings consisting of a mixture of salts, suspended
solids and other dissolvable chemical compounds such as acids, benzene, hydrocarbons, residual
bitumen and fine silts; the top layer is fresh water.
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Based on the results to date, OSPW in the rooting zone, as represented by
slope position in this trial, did not impact seedling survival, which was greater
than 95%. Stem length increment in the first and second growing seasons
varied depending on the clone. Final results are pending.

In Quebec, the Institut de recherche en biologie végétale of the Université de
Montréal reports on-going studies testing the efficiency of willow in the
uptake of nutrients from municipal wastewater and biosolids®. The studies
also investigate aboveground biomass yield and root development of the
willow.

Since 2005, many studies and applied projects using willow to address issues
of contaminated soils have been conducted in partnership with Quebec
municipalities, governmental agencies and private companies. Studies
focused on selection of the best-performing willow cultivars on polluted soils,
physiological and molecular approaches to improving willow as a
phytoremediation agent, and the function of bacterial and fungal
communities recruited by willow in contaminated soils. These projects are
still underway.

Agriculture and Agri-Food Canada (AAFC) conducted a series of trials with
willow from 2006 through 2012 in the eastern province of Prince Edward
Island®. Willow planted in parallel single rows at high densities (up to 5,300
stems per ha) along riparian zones of potato-producing farm fields, showed
the ability to absorb and utilize large amounts of nutrients® that would
otherwise have entered surface water. The effectiveness of the willow as a
bio-filter was greatly enhanced by coppicing after the first growing season in
order to stimulate above-ground biomass, and then maintaining the crop on
three- to four-year coppice harvest cycles. Initial establishment was with
unrooted cuttings planted through plastic mulch to keep out the in-row
weeds during the establishment period; weeds between the plant rows were
mowed. The recommendation is to mechanically harvest the willow biomass
one year after potato production. Although there appears to be no viable

! personal communication Michel Labrecque, Institut de recherche en biologie végétale, Université de
Montréal.

2 personal communication Raju Soolanayakanahally, AAFC, Saskatoon, SK.

® Over three years, a one-ha willow buffer intercepted 300 kg N and 45 kg P — ‘Willow Riparian
Buffers’ published by Agriculture and Agri-Food Canada, electronic version available at
www.publications.gc.ca, AAFC No. 12433E.
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market yet for willow biomass, it could be used as bioenergy feedstock to
replace carbon-based fossil fuels or composted for soil amendments.

Natural Resources Canada - Canadian Forest Service is undertaking research
under a federal Genomics R&D Initiative project entitled ‘Innovative land
reclamation approaches following oil sands mining: a phytoremediation
approach based on tree-soil microbiome interactions’*. This project is using
genomic tools on an industrial-scale field site on oil sands exploited by
Canadian Natural Resources Limited® near Fort McMurray, Alberta. The
objective is to speed up site reclamation by evaluating the taxonomic and
functional diversities of the soil microbiome of the site, specifically free-living
microbes and microbes associated with aspen roots. The soil microbiome is
being assessed by analysing soil samples throughout the growing season from
specific reclamation treatments and natural stands before and after
disturbances. Using genomic approaches, this project should improve the
land reclamation process by providing operational science-based guidelines
for governments and corporations to accelerate the return of disturbed sites
to a resilient and functioning ecosystem.

! http://ccps2015.ugat.ca/abstract/view abstract.asp?id=63
2 http://www.cnrl.com/
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lll. GENERAL INFORMATION

1. Administration and Operation of the National Poplar Commission

The Poplar and Willow Council of Canada/Conseil canadien des peupliers et des
saules (PWCC) functions as the National Poplar Commission of Canada. PWCC
is recognized as representing the country nationally and internationally in all
matters dealing with growth, production and utilization of poplars and willows.
PWCC is an incorporated not-for-profit organization established in 1978. In
2014 the Council received approval from Corporations Canada to formally
change its name, which was previously the Poplar Council of Canada/Conseil
du peuplier du Canada (PCC), to recognize the increasing importance of
willows, particularly in environmental applications. PWCC is committed to the
wise use, conservation and sustainable management of Canada’s poplar and
willow resources.

In March 2016, PWCC had 31 individual members and 10 corporate members.
Membership continues to decline, reflecting general economic trends and the
ongoing economic difficulties and consolidation in the Canadian forest industry
sector. In recent years, the decline in membership has been partially mitigated
by the addition of a number of members from outside Canada, particularly
from the United States.

Contact information for PWCC is as follows:

Address: Poplar and Willow Council of Canada
c/o Canadian Forest Service
5320 — 122" Street
Edmonton, Alberta, Canada T6H 3S5

Phone: +1 780 430-3843
Fax: +1 780 435-7356
E-mail: poplar@poplar.ca
Website: www.poplar.ca

In July 2014, the membership of the Council formally adopted ‘Articles of
Continuance’ and a new ‘Bylaw Number 1’ in compliance with the terms of the
Canada Not-for-profit Corporations Act of 2009. These were submitted to
Corporations Canada which approved them and issued a Certificate of
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Continuance of the Council as a federally incorporated not-for-profit

organization. The new bylaw covers matters of governance and management

of the organization generally and comprehensively in language that should

reduce the need for future changes.

PWCC is governed by an elected Board of Directors. As of March 2016, the

members of the Board of Directors and Executive Committee were:

Raju Director, Chair Agriculture and Saskatoon, | Executive
Soolanayakanahally Agri-Food SK Committee
Canada
Barb Thomas Director, Past University of Edmonton, | Executive
Chair Alberta AB Committee
Cees van Oosten Director, Vice- SilviConsult Nanaimo, Executive
Chair West Woody Crops BC Committee
Technology Inc.
Annie DesRochers Director, Vice- Université du Rouyn- Executive
Chair East Québec en Noranda, Committee
Abitibi- Qc
Témiscamingue
John Doornbos Director, Canadian Forest | Edmonton, | Executive
Treasurer Service AB Committee
Deb Brenton Executive Poplar Council of | Edmonton, | Executive
Assistant Canada AB Committee
Jim Richardson Technical J. Richardson Ottawa, ON | Executive
Director Consulting Committee
Pierre Périnet Director; Chair, Direction de la Sainte-Foy,
Genetics and recherche QC
Breeding forestiere,
Working Group | Ministere des
Foréts, de la
Faune, et des
Parcs
Richard Krygier Director; Chair, Canadian Forest | Edmonton,
Pesticide Service AB
Working Group
Marc Poirier Director; Chair, Bionera Victoria, BC
Environmental Resources Inc.
Services and
Bioenergy
Working Group
Carl Douglas Director University of Vancouver,
British Columbia | BC
Nathalie Isabel Director Canadian Forest | Sainte-Foy,
Service QcC
Ken Van Rees Director University of Saskatoon,
Saskatchewan SK
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Day-to-day operations are managed by an Executive Committee and supported
by two part-time staff members: an Executive Assistant and a Technical
Director. Much of the activity of the Council dealing with specific issues of
poplar and willow management is undertaken by Working Groups of which
there were three in 2016: the Genetics and Breeding Working Group, the
Pesticide Working Group, and the Environmental Services and Bioenergy
Working Group.

. Activities of the Poplar and Willow Council of Canada

The activities of PWCC are carried out through the Executive Committee and
Working Groups and include the organization of technical meetings and field
visits, communication of information through newsletters and a website, and
involvement in international poplar and willow activities.

The Genetics and Breeding Working Group helps to coordinate poplar genetics
and breeding work across the country. As such, it maintains the Council's
poplar and willow clone directory, an electronic, searchable database of
poplars, willows, and poplar and willow clones in Canada incorporating the
related databases from several public and private organizations involved in
poplar and willow breeding programs in Canada, and includes information, as
available, on source, collection or breeding history, parentage and testing of
clones and hybrids. The directory has recently been updated and, following
restructuring, will be made available on the PWCC website.

The Pesticide Working Group strives to expand the number of approved
agricultural pesticides for use in ‘short-rotation-intensive-culture’ (SRIC) poplar
and willow crops and acts as sponsor of these requests. It looks at the range of
pesticides currently available that are appropriate for use on poplars and
willows, but not currently registered for this use, and works to get the
appropriate pesticides registered for use in SRIC poplar and willow crops.

The Environmental Services and Bioenergy Working Group came into being as
a result of a strategic planning workshop in May 2010. It aims to improve
acceptance of the use of poplars and willows for environmental services, in
order to make such services an accredited and proven technology seen by
regulators and engineers as a reliable alternative to business as usual. It
produced a factsheet on poplars and willows for environmental services in
2012. Recognizing the increasing interest in and use of biomass for energy,
and the potential of poplars and willows for bioenergy in addition to or in
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conjunction with other environmental services, the mandate of the group was
expanded in 2015 to include bioenergy.

PWCC organizes an Annual General Meeting which includes informative
technical and field sessions, often in conjunction with other related meetings
or conferences. Efforts are made to meet in a different location each year so
members can see what is happening with poplar and willow across Canada. A
record of each meeting is published on the website, as well as a photo library
of field sites visited, and technical papers presented at the meeting may also
be published on the website.

- In 2012, the Annual Meeting was held in conjunction with a one-day
workshop in Ste-Foy, Quebec and two-day field tour in the Chicoutimi and
Rimouski areas of Quebec; the event was organized by the Genetics and
Breeding Working Group.

- In 2013, the PWCC met in Prince Edward Island as part of the 13" Biennial
North American Agroforestry Conference; the meeting included field visits
in Prince Edward Island, and a pre-conference tour in New Brunswick.

- In 2014, PWCC supported and collaborated in the organization of the Sixth
International Poplar Symposium (IPSVI) held at the University of British
Columbia in Vancouver; following the shut-down of the Symposium
website, the PWCC website has been the place where all the IPSVI
presentations can be accessed. As a result of the positive financial
outcome of IPSVI, PWCC in conjunction with the University of British
Columbia has been able to offer annual student travel awards to enable
university students to present their poplar and willow papers at the annual
meeting of PWCC; the first two such awards were made in 2015.

- In 2015, the Université du Québec en Abitibi-Témiscamingue in
collaboration with PWCC organized a technical meeting and two-day field
tour at a field station in the boreal region of Quebec, with a focus on poplar
and willow management in natural settings and site reclamation using
poplars and willows.

The Council publishes a newsletter once or twice a year. It typically provides
information and reports on past PWCC events and announcements of future
events, as well as information on Working Group accomplishments, special
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research notes and other news. Delivery is via the website and E-flashes sent
to members. The primary means of communication for PWCC is its website —
www.poplar.ca — which was completely redesigned in 2012 to improve the

appearance, navigation, search capacity and content. The site provides
information for and about members, news about past events and
announcements about upcoming events. Visitors can also access an extensive
photo gallery, special publications and annual reports, as well as current and
past issues of the newsletter.

At the international level, members of PWCC are actively involved in the
activities of the International Poplar Commission (IPC). Five members
participated in the 24" Session of IPC in Dehradun, India in 2012. At that
Session, Barb Thomas, who was then Chair of the Council, was elected to the
Executive Committee of IPC, and Jim Richardson, PWCC Technical Director, was
co-opted to the Committee. With a US colleague, Jim co-edited the major
work ‘Poplars and Willows: Trees for Society and the Environment’ which was
co-published by FAO and CABI in 2014 and a year later made freely available on
the FAO-IPC website. As a result of recent moves toward the disbandment of
the Poplar Council of the United States (PCUS), discussions have taken place
between PWCC and PCUS about possible amalgamation of the two
organizations. As noted earlier, PWCC membership currently includes one US-
based corporate member and several individual members.

. Difficulties Encountered and Lessons Learned

As a mostly volunteer, non-profit organization with minimal staff, declining
financial resources and Board members busy with their own work, PWCC faces
a constant struggle to deliver a level of services sufficient to maintain
membership interest and participation. The great geographic size of the
country is also a problem shared by all national organizations in Canada.
Electronic media, such as E-mail, tele-conferencing and the PWCC website are
clearly the most cost-effective means of communication. The Council’s
newsletter, formerly published in hard copy twice a year, is now made
available only on the website. E-newsflashes sent by E-mail are used to alert
members to website updates.

The PWCC has always had a close relationship with US poplar and willow
colleagues to share information and experience. In fact, both PWCC and PCUS
originally evolved from what was a North American Poplar Council. Currently,
Americans regularly participate in meetings and workshops organized by PWCC
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and there is reciprocal Canadian participation in meetings of the US-based
Short Rotation Woody Crops Operations Working Group, particularly when the
event is in the more northern states. With a view to encouraging new younger
members, PWCC offers student membership at a minimal fee. In conjunction
with the University of British Columbia, it has also started to offer student
travel awards to students working on poplars or willows at Canadian
universities to enable them to participate in PWCC annual meetings with the
presentation of technical papers.

With the help of electronic communication and cooperation with other related
organizations, PWCC will continue to pursue its commitment to the wise use,
conservation, and sustainable management of Canada's private and public
poplar and willow resources.
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APPENDIX 1. QUESTIONNAIRE ON POPLARS AND WILLOWS 2012-2015

e Total area of poplars and willows 2014 and Area planted from 2011 to 2014
(area change over the last 4 years)

e Wood removals 2014 in (‘000 m?
e Forest products from poplars and willows 2014 (‘000 m?

e Opinion Summary
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Total area of poplars and willows 2014 and

Area planted from 2011 to 2014 (area change over the last 4 years)

Total area by forest function in % Area planted from
Forest category Total Area Production Protection Other 2011-2014
2014 Industrial Fuelwood (reforestation +
roundwood biomass afforestation)
(ha) (%) (%) (%) (%) (ha)

Primary (Indigenous)

Poplars 17,256,727 0.5 15.8 83.7

Willows 42,980 - 17.0 83.0

Mix of P&W - - - -

Total 17,299,707
Planted

Poplars 21,801,081 16.1 3.2 80.6

Willows 16,301 - - - 100.0

Mix of P&W - - - -

Total 21,817,382
Agrofor/TOF

Poplars 5,601,186 - 0.9 99.1

Willows 28,384 - - - 100.0

Mix of P&W - - -

Total 5,629,570
Grand Total 44,746,659 4,574

Reported figures for Total Area (2014) are from the National Forest Inventory and include
only poplars and willows. Reported figures for Area Planted (2011-2014) are from the
National Forest Database (NFD) and are aggregated into Mixed Hardwood (including poplars,
willows and other hardwood species).

Forest category:
Primary:

Planted:

Agrofor/TOF:

Forest function:
Production:

Protection:
Other:

Primary (Indigenous) forests®. Includes all forest land that is defined as

primary forest (FRA2015 definition).

Planted forest. Includes all forest land that is not defined as primary
forest. Planted, seeded and other naturally regenerated forests are

included.

Agroforestry, trees outside forests. Includes all non-forest land (FRA2015

definition) with poplars and willows.

Production forest. All forest land that is privately owned and that is either

not protected, or has an IUCN protection code VI.

Protected land. All land with IUCN protection codes IA, IB, II, 1II, IV, V.
Other function. All land not included in the protection or production
groups. Generally described as multiple-use forests and treed areas.

! The documents ‘Guidelines for Country Reports’ and ‘Questionnaire on Poplars and Willows 2015’
provide differing definitions for ‘Indigenous Forests’. For the purposes of this report, Appendix 1
tables use ‘Primary forest’ in place of ‘Indigenous forest’.
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28,262 10,848 12,411 1,779

Reported figures for Wood Removals (2014) are from the National Forest Database (NFD)
and are aggregated into Mixed Hardwood (including poplars, willows and other

hardwood species).

The figures reported to the NFD are “roundwood” and include logs and bolts, pulpwood
and other industrial.
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Forest products from poplars and willows 2014 (‘000 m?

Fuel Chips Industrial | Wood- Particle Veneer Ply Sawn-
wood round pulp board, sheets | wood | wood
Forest category wood (logs, | (mech. | fibreboard
pulpwood) or (MDF,
chem.) | (hardboard)
Primary From
(Indigenous) | poplars
From
willows
Planted From
poplars
From
willows
From
Agrofor/TOF
poplars
From
willows
Total 3,209 | 27,015 25,039 61,012 9,518 50 235 1,460

Reported figures for Forest Products (2014) are from the National Forest Database (NFD) and

are aggregated as follows:

— Mixed Hardwood (including poplars, willows and other hardwood species):

Fuelwood, Chips, Industrial Roundwood, Veneer Sheets, Plywood and Sawn-wood.

— Combined Softwood and Hardwood: Wood-pulp and Particleboard/fibreboard.
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