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FOREWORD

The International Poplar Commission (IPC) of Food and Agriculture Organisation (FAO) envisages
supportingrurd  f A @St AK22R&a> SyKFIyOAy3a F22R aSOdaNARiGe& FyR
promoting the genetic conservation and utilization of poplars, willows and otheigiasting trees.

¢tKSaS FradmaNRgAy3ad @g22Re& &LISOA S gervikds @dudiigkhg LI2 G Sy G A
storage of carbon, and the conservation and remediation of soil and water.

Recent research, deployment and technology transfePopulusSalixand Alnusin Canada and

elsewhere have indicated a great demand for plywood and ppfletiuction, phytoremediation of

marginal lands, dedicated bioenergy crops as well as biofuel conversion. As demanddgoovast

trees is increasing in the global market, there is a need to carry out massive cultivation of improved

cultivars involvingdnd owners, government agencies and other stakeholders.

| am very pleased that the Council for Agricultural Research and Economics, Italy and FAO are actively
Sy3lFr3aSR Ay 2NHIyYyAaAiy3d Th&dle of Salickcea® Sndl éttieRfgbdwRditreds K S Lt /
in sustainable wood supplies and climate change mitigatidn

L K2 /FyFTRIFIQa blrdA2ylrf wSLER2NI alLIlSINKSFRSR o0& K
Willow Council of Canada (PWCC) provides new knowledge and is useful to practiondvade.

L ¢gA&aK G2 3IANIGSTFdAte O01ly26tSRIS GKS aAdzLIR2 NI 27F b
Canadian Wood Fibre Centrgthout which production of this report would not have been possible.

| extend my good wishes for the success of this global imgetn fastgrowing trees to serve our
common challenges.

Sincerely,
Raju Soolanayakanahally

Chair, Poplar and Willow Council of Canada
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. POLICY AND LEGARAMEWORK

1. Introduction

Jurisdiction over forestry, agriculture and environmental policy in Cansdalyrests with the

provinces The provinces have constitutional authority for most laws, policies and regulations affecting
natural resources like foresand determine land use priorities, grant logging licensces and set harvest
levels.The Federal government is responsible for transboundary issues like migartogry birds, fish and
fisheries and for international environment and trade agreements. Respititysfbr resource issues is
being devolved to théhree northern territories (Yukon Territory, Northwest Territories and Nunavut.

az2zaild 2¥F /I yI Rdppokximakely BW6aatcodnting fBr 85% of the annual wood harvested
is publicly ownedcalled¥/ N2 & Yy by[tHe grévinaes and territorieSimber supply agreements are
made with forest companies who must abide by forest management @greed to with the Provinces
Forest management plans commit the companiesrtanage sustainablythe forestsaccording to
provincial or territorial laws, regulations and policiébe companies pay royalties for the use of the
land and the wood supply from it.

The degree to which poplars and willows are used or managed on Crown lands depends on the

O 2 Y LJ y An8ss pangiheadmanufacturing processemd the forest management plans. Other
industrial or economic activities on Crown land (grazing or other agriculture uses, mining, infrastructure
such agoads, power lines, pipelines, etc.) also must be apprdwethe province or territory.

Many forest companies also voluntarily have their forest management practices certified the Forest
Stewardship Council (FSC) and/or the Sustainable Forestry InitiativeT{®&SEnternationally

recognized standards, in soraases may be additional to those agreed to with the respective provinces

in the forest management agreemer@ KS { G 4GS 2F /I yI RI2O18 C2NBata !yy

Privately owned land accounts for about 6% of fotestl nationally, but accounts for almos5% of the
national wood harvest. Landowners, as long as they abide by applicable provincial and federal laws, such
as those that protect waterways, can make their own decisions about the planting or management of
trees on their land.

The remainder of farst land isadministered by thdederalgovernment.lt includes land held on behalf
of aboriginal peopleand for national parkshationaldefenceand otherpurposes Less than 1% of the
wood harvested nationally is from federal land.

No particular fedeal or provincial regulations seek to increase the use of poplars or willows on Crown or
private land. The planting of introduced poplars or willows and hybridized or selected clonal material on
Crown land is discouraged in many provinces because proMyzsiarnments generally regard their

Crown land forests as natural preserves in which, although the forests can be harvested sustainably,

their natural ecology should be preserved as much as possibleerthelessaccording to Rivera et al

6 H n M c 0 tof tén&ankdia@ mipvinces do not have specific legislations to control the use of exotic

GNBS aLISOASa F2NJ NB T 2N arivatelahd? tiferedare tewek nggulatisnS A NJ 6 2 NR S

I Rivera, B, Barrette, M, andThiffault, N. 2016 Issues and perspectives on the use of exotic species in the
sustainable management of Canadian for&sforestdl: 261-280.
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restricting the use of selected clonal varieties of poplar olowil Private land plantations of poplar or
willow, like other agricultural production, must comply with federal and provincial regulations that
apply, especially those that seek to protéish bearing habitat.

Most harvested poplar in Canada is tremblagpen Populus tremuloidgswhich grows naturally on the
Boreal Plain and the Boreal Shield ecozones, mostly on the southern fringe of the boredl foodtsn
grows in association with balsam popl&opulus balsamifejaBoth species occur natunglfrom
Newfoundland to the Yukon Territarf¥heyare harvested commercially, mainly for pulp or oriented
strandboard (OSB) and, to a much smaller extent for sawn wood for pallets, containers or fuelwood.
Aspen forests naturally regenerate through regrowftfrom root suckers. Thus, it is not necessary to
replant harvested aspen stands.

The volume of poplar (balsam poplar and trembling aspen) harvested varies by province/territory (Table
1). It is directly related to the proportion of the natural forestiach province that includes poplar in its
compostion and the developemnts of industries to utlize it.

Willow species are not currently considered commercial forest hardwood species and are not harvested
on Crown Lands such. The degree to which they aszd cannot be determined from the National

Forest Database but the harvest of willow is likely negligible. Willows occur natlaedigly, in

wetlands (lotic or lentic) andrethus protected by laws that protect riparian zones ard not

harvested irsuch areas.

Complexities arise around the susutianble manangment of poplar when provincially owned Crown Lands
are used for agricultural purposesusually for grazing. Where lands have value for both commercial

wood production and as pasture, provingesist devise regulations that allow both livestock producers

and forest industries to use land to their mutual benefit. This arises particularly in the interior of British
Columbia where the provincial Agroforestry Unit works with ranchers and forest caegtndevise

mutually beneficial silvopastoral sysyteriifiese joint use sysytems do not often involve poplars.

Poplar or willow hybrids are generally grown on privately owned agricultural lands, rather than on
forested Crown Lands. The production andvest of these trees for industrial products (wood,
bioenenrgy or other commercial purposes) is generally not affected by federal or provincial regulations.

When poplar and willow are grown for purposes such as phytoremediation or riparian protectioa, the
are usually additional regulations or restrictionespecially provincial regulations for the safe
management of landfill sites, municipal effluent, industrial sites and other areas that may contain water
or other substances considered hazardous to harhealth or to the environment.

2 Government of Canada. National Forest Inveptattps://nfi.nfis.org/en/data_and_tool{Accessed January 25,
2020)
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Tablel. Harvested volumes for 2017 by province/territory for softwoods/hardwoods/poplars

Harvested volumes in 2017 (hn 1000s)

Softwoods Hardwoods Poplars
British Columbia 62,587 1,771 1,523
Alberta 17,510 9,615 9,269
Saskatchewan 1,432 2,457 2,309
Manitoba 929 421 396
Ontario 12,110 3,705 2,742
Quebec 21,560 8,454 3,212
New Brunswick 6,212 3,135 596
Nova Scotia 2,638 655 59
Prince Edward Island 95 248 47
Newfoundland/Labrador| 1,036 97 88
Yukon Territory 16 0 0
Northwest Territories 38 1 1
Nunavut 0 0 0
TOTAL 126,163 30,559 20,242

2. Canadian National Laws and Policies

The Government of Canada conducts forestaged research through Natural Resources Canada
(NRCan) and agriculetsbased research through Agriculture and Agpiod Canada (AAFC) and
environmental research througBnvironment and Climate Change Canada (ECCC). Much collaborative
research is done by scientists in these departments §astion I11.2. Relevant Literatyre

The Government of Canada works in partnership with provinces in forestry, agriculture and the
SYGANRYYSYyl(o® LY HaAamMTE GKS /IYylIRALFY [ 2dzyOAf 2F C2

.A2802y2Yé CNI YEs I OK2 NIY/OIf \irRBiBREdss aomes lir@ny/aivarietyf of T2 NB &
sources such as sustainable wood supply and biomass plantations (e-.N®tg A y3 At f 26 &LIS

3 Canadian Council of Forest Ministers (CCR2d).7.A Forest Bioeconomy Framework for Cana&pp.
https://cfs.nrcan.gc.ca/publications?id=39162
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Private woodlot owners can offer flexibility and innovative approaches to supplying fibre as well as

offering long termdzLJLI @ O2y (i NI Ol & vé

TKS GCSRSNIf { dzaidl X yassedis2088Sr@iGdesLahIM& gbvernmedtdl ¢

G{dzaldl Ayl oftS 5S@St2LIYSyi | RHNP ketlaxdk Sustaindnle Odvéladpentt KS N,
{ 0N 0S3e asSiéa 2dzi / | yitpRokitesiwhithdagedinked yolthe Urted R&Gighs t 2 LIY' S
Gunon ! ASYRI T2 NJ { dzaiticularly SO 73aff@daideSndziea ngrgys, SDG 13

(climate action), SDG 14 (life below water) and SDG 15 (life on land).

Canada joined 194 other courgs in the December 12, 2015, Paris Agreement to fight climate change.

Its followdzL) GQS\YRGI dzNE  { G NI 6 S38é¢ RSt AQGSNBR (2 GKS | b CNI)
6!'bC/ /10 Ay fF3S HwnmcI AyOfdzRSR (GKS esé@ffast2gAy3IY az
growing species and slow& NP g Ay 3 aLISOASa O2dzZ R 0SS dzaASR®E

A patrticular federal government commitment currently under development is the public
pronouncement by Prime Minister Justin Trudeau, made in the fall of 2019 that Canada would
undertaketo plant 2 billion trees from 2020 to 2030

Programs derived from such national and international frameworks and strategies have a direct effect

on the use of poplars and willows in Canada. For example, a $5 million investment through the NRCan
administeed Investments in Forest Industry Transformation (IFIT) program, helped Lotisiaific

convert its oriented strandboard (OSB) mill in Minitonas, Manitoba, supplied by trembling aspen from

VI GdzNF £ &adl yRaszZ (2 LINP RsiztBesanmé aspeNdupply AR tBetlanddrnerS NA 2 NJ &
f SOStx C2NBaida hydlrNA2Qa pn aAffAzy ¢NBS t NEINIY
Canada to help landowners in Ontario plant poplars, willows and other species on their farms and other
landholdings for Iselter, afforestation, riparian protection and other uses.

Through these and other funding programs and initiatives focused on climate change, environmental
sustainability and the development of new products and procegseisether through Natural

Resoures Canad or other federal departments, the Government of Canada encourages the planting,
harvesting and utilization of poplars and willows. An opportunity for agroforestry research/application

4 Government of Canada. 201Bederal Sustainable Development Act (S.C. 2008, 663B)
https://laws-lois.justi@.gc.ca/eng/actsHB.6/

5Government of Canada. 2016. News Release: Canada submiGeMidry Strategy for a Clean Growth
Economyhttps://www.canada.ca/en/environmentlimate-change/news/2016/11/canadaubmits
century-strategycleangrowth-economy.html

6 Kuitenbrouwer, Peter, 2019. Planting two billion trees in Canada will be a tall o@ped article: Special tthe
Globe and Mail. Publ. Nov. 29, 2019.

" The Valley Online. 2015. Ribbon Cutting Held For LP Siding Conversion.
http://swanriver.valleybiz.ca/news2015/09/24/ribbon-cutting-held-for-Ip-sidingconversion(accessed Feb 24,
2020} Government of CanadaCanadian Forest Service. 20iwestments in Forest Industry Transformation
(IFITx Performance Report 20£2016. 40 phttps://cfs.nrcan.gc.ca/publications?id=38854

8 Forests Ontario50 Million Tree Prograrnttps://www.forestsontario.ca/planting/prograns/50-million-tree-
program/(accessed Feb 24, 2020).

® Natural Resources Canadutps://www.nrcan.gc.ca/fundinegrantsincentives/4948accessed Feb 24,
2020).



https://laws-lois.justice.gc.ca/eng/acts/f-8.6/
https://www.canada.ca/en/environment-climate-change/news/2016/11/canada-submits-century-strategy-clean-growth-economy.html
https://www.canada.ca/en/environment-climate-change/news/2016/11/canada-submits-century-strategy-clean-growth-economy.html
http://swanriver.valleybiz.ca/news/2015/09/24/ribbon-cutting-held-for-lp-siding-conversion/
https://cfs.nrcan.gc.ca/publications?id=38854
https://www.forestsontario.ca/planting/programs/50-million-tree-program/
https://www.forestsontario.ca/planting/programs/50-million-tree-program/
https://www.nrcan.gc.ca/funding-grants-incentives/4943
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may be found in a new program by Agriculture and Agwd @nada is the Living Laboratories Initiative,
which will commence in 2020and be similar in concept to the European Network of Living'tabs

Although jurisdiction for forestry and agriculture rests mainly with the various provinces, these are
considered shred jurisdictions. The Government of Canada, by making international agreements,
creating national legislation, conducting research, collaborating with provinces and by funding industries
and other organizations, can have a significant effect on the igraind use of poplars, willows and

other fastgrowing tree species

3. British Columbia

British Columbia (BC) is the most heavily forested province in Canada. Of the 157 nditifciotad

wood volume harvested from forests in Canada in 2016, 66 millio@2%) came from BE Crown

fryR T2NBada | 002dzy SR F2NI vtz 2F ./ Q& wnmt KI NBS
annual harvest. About 85% of the hardwood harvested in BC consists of poplar (aspen and

cottonwood)® with the remainder being akt, birch and maple. From 2015 to 2019, red aldéngs

rubrab = KIF NBPSaAaGSR Ay ./ Qa Oz2laidlt NBIR®2yaz YIRS dzZl) 2

In BC, the 2002 Forest and Range Practices Act (Chapteg®3rns the use of provincially owned

Crown land andets criteria fofForest Stewardship Plans and Woodlot Licence Plans. Although BC
allows for selected poplars to be planted on Crown land for research or demonstration purposes, clonal
poplar plantings are limited to a maximum of 10 hectdte§ he questin has also been raised by Rivera

et al (2016) as to whether hybrid poplar should be allovegdor near native forests due to a concern

about genetic spread.

10 Agriculture and Agfood Canadahttps://www5.agr.gc.ca/eng/sciencand-innovation/livinglaboratories
initiative/?id=155138372115faccessed Feb 24, 2020).

11 Euopean Network of Living Labkttps://enoll.org/about-us/ (accessed Feb 24, 2020).

2Governmentof Canadab w/ | Yy ® Hamy ® ¢ KS {cAhniGabRepot 2018 y I R Q& C2 NB A&
https://www.nrcan.gc.ca/oumaturatresources/forestdorestry/state-canadagorestsreport/16496
(accessed February 24, 2020).

BGovernment of British Columb@@Forest Analysis anidventory Branch 2008. Reporting British Columbia Forest
Resource and Its Changes from the National Forest Inventory PhotoPlot Database.
https://www?2.gov.bc.ca/assets/gov/farmingaturalresourcesand
industry/forestry/stewardship/forestanalysisinventory/inventory-analysis/provincial
monitoring/nfi_changes photoplot 2008.pdkccessed February 24, 2020)

¥ Fong, Edward pers. commg Excel spreadsheet of scaled harvest by species-2019

15 Government of British Columbia. 2002. Forest and Range Practice<Chapter 69.
http://www.bclaws.ca/civix/document/id/complete/statreq/02069 _01#division d2el87A@Ecessed February
24, 2020).

16 7abek, Lisg pers. comm.; Doornbos, J., Richardson, J, van @o6te2016. Activities related to poplar and
willow cultivation and utilization in Canada 202Q15. Poplar and Willow Council of Canada Publication.

7 Rivera, B., Barrette, M. Thiffault, N. 2016. Issues and perspectives on the use of exotic specigssiaimable
management of Canadian forests. Reforesta 1:-280, Derbowka, Davepers. comm.



https://www5.agr.gc.ca/eng/science-and-innovation/living-laboratories-initiative/?id=1551383721157
https://www5.agr.gc.ca/eng/science-and-innovation/living-laboratories-initiative/?id=1551383721157
https://enoll.org/about-us/
https://www.nrcan.gc.ca/our-natural-resources/forests-forestry/state-canadas-forests-report/16496
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/forestry/stewardship/forest-analysis-inventory/inventory-analysis/provincial-monitoring/nfi_changes_photoplot_2008.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/forestry/stewardship/forest-analysis-inventory/inventory-analysis/provincial-monitoring/nfi_changes_photoplot_2008.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/forestry/stewardship/forest-analysis-inventory/inventory-analysis/provincial-monitoring/nfi_changes_photoplot_2008.pdf
http://www.bclaws.ca/civix/document/id/complete/statreg/02069_01#division_d2e18760
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The Government of British Columbia continues to support an Agroforestry Unit in the Ministry of

Agriculturéd, which partners with the Federation of British Columbia Woodlot Associdtiorisere are

regulatory onsiderations for the plantingf poplars or willows on land classified as agricultural since

GKS ./ taaSaavySyid ! dziasgrowing cdttomnods/Poplarmspen anidl ilov a h y f &
cultivated inplantngg A € £ [jdzZt €t AT | a 2y 3 P Eisla&tS&AmphcationdNE ¢ A (0 K
landownerg!. Shelterbelts are not affected by this-§2ar limitation, regardless of species comitios,

because they are considered to be agriculture infrastructure plantings. The use of hybrid poplar for
phytoremediation projects in BC presents additional requirements, including the need for liability

insurancé?,

4. Alberta

Over 96% of the hardwood ¥oLl2 y Sy & 2 F | f 6 S NIBL.3WremKlihg\aBpEM511%A & LJ2 L |
balsam popla®?. Over 81% of the poplar harvested comes from provincial Crowi*land

The annual allowable cut on Crown land is set by the Alberta government and is more than 12 million m
for hardwood$®. The 7.8 million rhharvested from Crown lands in 2017 are well below this number,
AYRAOFGAY3 GKIG 'f0SNIIFQa KIFENRg22R NBaz2dzNOSa | NB

In Alberta, there are 26 sawmills, 4 pulp mills, 9 mills making panels and ersgingeod productsand
4 integrated mills. Alberta aspen and balsam poplar are used mainly for oriented strandboard (OSB) and
pulp. Poplar, as sawnwood, is used mainly for making pallets and conféiners

CKS tNRGAYOS 2F ! f0SNII! NEI& aATASSY & A FR & &Yy HiyKS3 IR
F ANRA Odzf GdzNI £ 2NJ dzNBlFy I YyRO FyR GKS éadohd®nSaid).! NBI €
Forest Management Agreements in the Green Area between the Province of Alberta and the various

18 Government of British Columbihttps://www?2.gov.bc.ca/gov/content/industry/agriculture
seafood/agriculturaland-and-environment/agroforestry

19 https://woodlot.bc.ca/ (accessed February 24, 2020).

20 Government of British Columb@BC Assessmerffarm Classification in British Columbia. 32pp.
https://info.bcassessment.ca/servicesd

products/ layouts/15/WopiFrame.aspx?sourcedoc=/serviaag
products/Shared%20Documents/BCAL15102%20BCA farm_brochure_digital.pdf&action=default&Defau
ltitemOpen=1(accessed February 24, 2020).

2! Derbovka, Daveg pers. comm.

22 Derbowka, Dave pers. Comm.

B Governmentof Alberta! f 6 SNII I Qa C2NB&d t NPRdzOG& . d2SNEQ DAzARS® pn
https://www.alberta.ca/assetsdocuments/ABForestProductsBuyersGuideENGLISH.pdaccessed

February 24, 2020).

24 Canadian Council of Forest Ministers. National Forestry Datahttge//nfdp.ccfm.org/en/index.php

(accessed Februaga, 2020).

% Government of Alberta! £ 6 SNIIF Qa C2NBad t NBPRdzOGA . d2SNEQ DAzZARS® pn
https://www.alberta.ca/assets/documents/ABorestProductsBuyersGuideENGLISH.pdaccessed

February 24, 2020).

%6 Government of Alberta! £ 6 SNII F Qa C2NBad t NPRdzOGA& . dz2SNEQ DAzZARS® pn
https://www.alberta.ca/assets/documents/B:-ForestProductsBuyersGuideENGLISH.pdaccessed

February 24, 2020).



https://www2.gov.bc.ca/gov/content/industry/agriculture-seafood/agricultural-land-and-environment/agroforestry
https://www2.gov.bc.ca/gov/content/industry/agriculture-seafood/agricultural-land-and-environment/agroforestry
https://woodlot.bc.ca/
https://info.bcassessment.ca/services-and-products/_layouts/15/WopiFrame.aspx?sourcedoc=/services-and-products/Shared%20Documents/BCAL15102%20BCA_farm_brochure_digital.pdf&action=default&DefaultItemOpen=1
https://info.bcassessment.ca/services-and-products/_layouts/15/WopiFrame.aspx?sourcedoc=/services-and-products/Shared%20Documents/BCAL15102%20BCA_farm_brochure_digital.pdf&action=default&DefaultItemOpen=1
https://info.bcassessment.ca/services-and-products/_layouts/15/WopiFrame.aspx?sourcedoc=/services-and-products/Shared%20Documents/BCAL15102%20BCA_farm_brochure_digital.pdf&action=default&DefaultItemOpen=1
https://info.bcassessment.ca/services-and-products/_layouts/15/WopiFrame.aspx?sourcedoc=/services-and-products/Shared%20Documents/BCAL15102%20BCA_farm_brochure_digital.pdf&action=default&DefaultItemOpen=1
https://www.alberta.ca/assets/documents/AB-Forest-Products-Buyers-Guide-ENGLISH.pdf
http://nfdp.ccfm.org/en/index.php
https://www.alberta.ca/assets/documents/AB-Forest-Products-Buyers-Guide-ENGLISH.pdf
https://www.alberta.ca/assets/documents/AB-Forest-Products-Buyers-Guide-ENGLISH.pdf
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forest canpanies prohibit the plantingf non-native species, such as hybrid poplar or mative

willows, on its Crown lands. Clonal mategahative speciesto a maximum of 5,000 plants per clone,
may be planted on Crown land as long as it is a locally ecedieotturally occurring species (i.e. balsam
poplar, trembling aspen or other speci€s)rhe agreements also specify the buffer widths for various
riparian areas (rivers, streams, wetlands and laRe$his limits the degree to which species associated
with riparian zones, such as willows, can be harvested.

AlbertaPacific Forest Products of Boyle, Albegtgulpmill primarily using poplar @nong otler forest
industries in Canada that ar€orest Stewardship Council (F§Cgrtified?®. FSC criteria amgtringent

with respect to environmental management of forests and address many aspects of environmental
stewardship and sustainability.

Government of Alberta programs such as Alberta Innovagesd Emission Reductions Albéftprovide
funding for projectsi K & aS8S1 (2 RAOGSNEATE (KS etdNBBHag 0OSQa SO2
emissions. By 203€he province plans to discontinue the use of cfmlenergy within the province.

Thismay encourage the use of poplars and willows for bioenergy. Thereatsaye an increased

demand for poplars and willows for the revegetation and reclamation of coal mine sites (see Section

I1.6.a. Phytoremediation Projects and Initiatives).

5. Saskatchewan

Harvested hardwood in Saskatchewan was 2,457 thousan@3fb of theotal wood harvestdin the
province. Trembling aspen (83%) and balsam poplar (11%) accoadmfustall (94%)pf the hardwood
harvested®. Almost all wood harvested in Saskatchewan comes from Crow#land

Management of forests on Saskatchewan Crowid lgrregulated through the Forest Resources

Management Act, Forest Resources Management Regulations and the Saskatchewan Environmental

Code®** Forest companies sign 3@ar Forest Management Agreements with the Government of

Saskatchewan whereby they acquiongterm harvesting rights as well as responsibilities for

sustainable forest management. Although these documents do not address particular species, the

NBIdzA FGA2ya albeée GKIFIG ab2 LISNA2Y akKlff ANGNRRIzOS X
|l 26 SOSNE aX | LISNE2Y YI@& 6S INIYGSR I ftAOSyOS G2

27 Government of Alberta. 2009. Alberta Genetic Resource Management and Conservation Standards.{SBN 978
778584667. 126 pp.
https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/formain15749/$file/FGRMS
GeneticConservationStandar@609.pdi?OpenElement

28 Kamelchuk, Dave pers. conm.

2 Forest Stewardship Council (F3@)ps://ca.fsc.org/enrca (accessed February 24, 2020); Dave Kamelchuk
Pers. Comm.

30 Alberta Innovateshttps://albertainnovates.cafaccessed February 24, 2020).

31 Emissions Reduction Alberfattps://www.eralberta.ca/(accessed February 24, 2020).
2D2GSNYYSYy G 2F {F&altGOKS6lys nwnmeps {I&a1+G0OKSsly C2NBad
33 Canadia Council of Forest Ministers. National Forestry Database.
http://nfdp.ccfm.org/en/data/harvest.php(accessed February 24, 2020).

34 Canadian Council of Forest MinisteBsistainable Forest ManagementCanada Province of Saskatchewan
https://www.sfmcanada.org/images/Publications/EN/SK_info_Provinces _and_territories EN.pdf
(accessed February 22020).



https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/formain15749/$file/FGRMS-GeneticConservationStandards-2009.pdf?OpenElement
https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/formain15749/$file/FGRMS-GeneticConservationStandards-2009.pdf?OpenElement
https://ca.fsc.org/en-ca
https://albertainnovates.ca/
https://www.eralberta.ca/
http://nfdp.ccfm.org/en/data/harvest.php
https://www.sfmcanada.org/images/Publications/EN/SK_info_Provinces_and_territories_EN.pdf
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poplar or willows, unless they are native tosBatchewan, are limited to agricultural or other private
land.

On private land, there are no restrictions on the use of poplars or willows throughout the province.
There has been research and program support for their use through federal and provinoisissas

well as partnerships and collaboration with industry, universities and landowners. The planting of hybrid
poplar and willows in shelterbelts in the past was supported by stock (mostly rooted cuttings) and
expertise from the Agriculture and Adfoal Canada Agroforestry Development Centre at Indian Head,
Saskatchewan (closed in 2Q1FheSaskatchewan Forestry Centre at Prince Albert (closed in 2009)
actively provided support, over any@ar period, for the planting of hybrid poplar in plantations fo
AYRAZAGNRFE YR 2GKSNJ LJzZN1}2&adSad ¢KS ! yAOPGSNERAGE 27
Afforestatior’® conducted trials and research in Meadow Lake and other Saskatchewan sites and the
Saskatchewan Research Council collaborated in manypoplew related projects. A notable
research/demonstration site is at the Saskatchewan Conservation Learning Centre §§3:023
105.769W)* which has research/demonstration plantings of altappping, a balsam poplar common
garden of genetic resourcefn all across North America, a hybrid willow demonstration/trial, a
poplar/willow biomass trial and a hybrid poplar clonal trial.

Genetic testing and selections of both poplar and willow were also done by the AAFC Agroforestry
Development Centre and a p@eplbreeding program resulted in several improved poplar clones that
were used in shelterbelts and poplar plantations.

6. Manitoba

alyAd20l Qa wnmtT 62 2R 3Krepbdddtdtiie Natraldprest Datébasdas | Y R Y
entirely from Crown land. The ldwood component of that (421 thousand®was mainly trembling

aspen (94%), while the remainder was balsam poplar and white3pis for other provinces, forest
companies operate in Crown forests under provincially approved Forest Management Plartsbilani
considers the longerm sustainable level of hardwood harvest in the areas currently being utilized to be
1,037 thousand ) while the provincial total, including areas not currently utilized is estimated at 2,708
thousand ni.**

35 Government of Saskatchewa19.1 Reg 1 The Forest Resources Management Regulations
https://publications.saskatchewan.ca/#/products/112dccessed February 24, 2020)

36 Centre for Northern Agroforestry and AfforestatianUniversity of Saskatchewan
http://www.saskagroforestry.ca/news.phfaccessed February 24, 2020)

37 Saskatchewan Conservation Learning Cetittén://www.conservationlearningcentre.com/Home.aspx
(accessed February 24, 2020)

38 Canadian Council of Forest Ministers. National Forestry Database.
http://nfdp.ccfm.org/en/data/harvest.php(accessed February 24, 2020)

3% Government of Manitoba Department of Sustainable DevelopmerftiveYear Report on the Status of Forestry
April 2011¢ March 2016. 56pg p25 https://www.gov.mb.ca/sd/pubs/forest lands/5yr_report.pdf
(accessed February 24, 2020)



https://publications.saskatchewan.ca/#/products/1124
http://www.saskagroforestry.ca/news.php
http://www.conservationlearningcentre.com/Home.aspx
http://nfdp.ccfm.org/en/data/harvest.php
https://www.gov.mb.ca/sd/pubs/forest_lands/5yr_report.pdf
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The Government of Maroba, in the period 2008 nMmH > NIy (GKS a¢NBS& C2N ¢2Y?2
which 6,234,100 trees were plantechostly on private lard. Pine, spruce, willow and hybrid poplar

were provided to the publicschools, First Nations, industries and municipal gomeents Selterbelts,
woodlots,andnew plantationswere establishe@n farmlandand otherlands throughout rural and

urban Manitoba. These new trees will help sequester carbon, reduce soil erosion and help support

native wildlife.

The Manitoba Forestryssociation provides seedlings and rooted cuttings to private landowners,
schools and environmental groups in rural or urban settings. Poplars and willows were among the 98
thousand seedlings distributed to landowners across Manitobaramnthwestern Ontar in 2017~

In February, 2019, the Province of Manitoba closed and sold its provincial forest nursery at Hadashville,
Manitoba expecting private nurseries to supply the required tree seedlings for future plantings on

private land’d | & a |cyhieivatan tisrigts had difficulty accessing the species/clones that they
required for their projects, some foresters began to access materials from the United States (North
Dakotac LincolnOakes Nurserfdh 'y WI y dzZ NB M3  wonsewvationdistrigfshwéreé 6 Q& wmy
reorganized into 14vatersheddistricts with the proclamation of the Watershed Districts %Act

Manitoba Agriculture provides funding to these distrféthrough the Ag Action Manitoba Program to
provide/protect Watershed Ecological Goods and Sestic&he program provides funding to

conservation districts to work with farmers to implement practices that conserve and enhance

ecological goods and services (EGS) on the agricultural landscape and it includes provisions for financial
support for tree plating projects.

As with farming in Saskatchewan and Alberta, current lsggde precision farming is based on large

field machinery traveling in straight lines. This has resulted in the clearing of small copses of trees and
shrubs (mostly aspen and willpsthat would otherwise impede or cause more turning by these
YFOKAYySad !'fa2x Fa gAGK 20KSNJ FANAROdzZ (dzNI £ | NBI &
Red River Valley and other regions has also resulted in the removal of tetbsr natve trees or

planted shelterbeltg whose roots might invade the drainage tités

40 Government of Manitoba Department of Sustainable Development: Fixear Report on the Status of Forgstr
April 2011¢ March 2016. 56ppg p33 https://www.gov.mb.ca/sd/pubs/forest lands/5yr_report.pdf
(accessed February 24, 2020)

41 Manitoba Forestry Association Annual Report 2017. 27ips://www.thinktrees.org/wp-
content/uploads/2019/11/201 7Bookof-Reports.pdi{accessed February 24, 2020)

42 CBC NewBeb 22, 2019New hemp company buys Manitoba's Pineldfatest Nursery, plans to become major
cannabidiol producerttps://www.cbc.ca/news/canada/manitoba/botanistrganichemp-cbd-pineland
1.5030508

4 Engli, Blairg pers. comm.

Yal yAlu2ol 1aa20AFGA2y 2F 2 GSNEKSRa® WIHydzZaZ NBE T HAHND ¢
districtswith new tools to protect our watershedsttps://manitobawatersheds.org/news/manitobas
conservationdistrictsrenamedwatersheddistricts (accessed February 24, 2020)

45 Manitoba Association of Watershedstps://manitobawatersheds.org/(accessed February 24, 2020)

46 Government of Manitoba. Financial Assistanég Action Manitoba Program

https://www. gov.mb.ca/agriculture/environment/ecologicalbodsand-services/watersheetgs.html (accessed
February 24, 2020)

47 English, Blaig pers. comm.



https://www.gov.mb.ca/sd/pubs/forest_lands/5yr_report.pdf
https://www.thinktrees.org/wp-content/uploads/2019/11/2017-Book-of-Reports.pdf
https://www.thinktrees.org/wp-content/uploads/2019/11/2017-Book-of-Reports.pdf
https://www.cbc.ca/news/canada/manitoba/botanist-organic-hemp-cbd-pineland-1.5030508
https://www.cbc.ca/news/canada/manitoba/botanist-organic-hemp-cbd-pineland-1.5030508
https://manitobawatersheds.org/news/manitobas-conservation-districts-renamed-watershed-districts
https://manitobawatersheds.org/news/manitobas-conservation-districts-renamed-watershed-districts
https://manitobawatersheds.org/
https://www.gov.mb.ca/agriculture/environment/ecological-goods-and-services/watershed-egs.html
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7. Ontario

Poplar (trembling aspen and balsam poplar) constitutes approximately 74% of the hardwood harvested

in Ontario in 2018 and 13% of the total wood harvedte@ihe othe main hadwood species is white

birch. Eightpercer@ ¥ hy Gl NA2Qa KINRg22R KIFINBSad é¢Fa FNRY LN
southern, mostly agricultural Mixedwood Plains have a relatively greater proportion of hardwoods,

especially the more valuédoaks and maples, private land hardwood harvest is proportionally greater

in southern Ontario.

Ontario grants Crown harvesting rights to forest companies ufdestainable Forest Licences, by which
the companies agree to manage and harvest the forest lamder agreedo management plans,

including replanting or maintenance of harvested lands. Most of this Crown land is in the Boreal Shield
ecozone, in which trembling aspen constitutes the major hardwood species.

Many trees are planted, maintained or hasted on the predominantly agricultural or otherwise

privately owned land in the Mixedwood Plaifhd andowners can qualify for support under the 50

Million Tree Program, administered by Forests Ontario. Until recently, this program was funded by the
Govermment of Ontario, but is now funded by the Government of Canada until®20PBe jurisdictions

2F hyGFNAR2Qa oc O2yaSNBIGA2Y FdziK2NAGASaAa AyOf dzRS
conservation authorities have treglanting projects for agricture, urban, recreation and conservation
purposest. For example, the Grand River Conservation Authority plants about 150 thousand trees per
year, of which about 20% are poplars or willévEunding for tregplanting projectsalsocome from

sources other thn the 50 Million Tree Program, including purchase of the seedlings by the landowners
and the internal revenue generated by the parks operated by the conservation authtrifies
conservation authorities also have responsibility for regulating developmaetivities that affect

riparian areas according to federal, provincial and municipal laws and pdlicies

8. Québec

Poplar (trembling aspen) constitutes approximately 30% oktheNR g2 2 R 02 YLR Yy Syl 2F v
Annual Allowable Cut (1999 data) and 38% efltardwoods actually harvested in 1999The other

hardwood species consist primarily of maple and birch species. About 20%6®f0 Q& G201t 622 R
harvest in 2017 was from private land, but 42% of the provincial hardwood harvest was from private

48 Government of OntarioAnalysis of Regional Wood Supgiitps://data.ontario.ca/dataset/analysief-
regionatwood-supply(accessed February 25, 2020)

4 Government of Canada. National Forest Inventbiyps://nfi.nfis.org/en/data_and_tools(Accessed January 25,
2020)

50 Forests Ontarios0 Million Tree Prograninttps://www.forestsontario.ca/planting/programs/Sénillion-
tree-program/ (Accessedanuary 25, 2020)

51 Conservation Ontaridittps://conservationontario.ca{Accessed January 25, 2020)

52Wu-Winter, Ron pers. comm.; Grand River Conservation Authority.
https://www.grandriver.ca/en/index.aspgAccessed January 25, 2020)

53 Wu-Winter, Ron; Enright, Johrpers. comm.

54Wu-Winter, Ron; Enright, John; Shaw, Stepers. comm.; Grand River Conservation AuthoRfgnning and
development https://www.grandriver.ca/en/PlanninéDevelopment/Planningnd-Development.aspx
SD2PSNYYSyild 2F vdz2S6SO0X mMdpdE v dlstBidiaRepd@t2 NEAG wSa2dzNOSa



https://data.ontario.ca/dataset/analysis-of-regional-wood-supply
https://data.ontario.ca/dataset/analysis-of-regional-wood-supply
https://nfi.nfis.org/en/data_and_tools
https://www.forestsontario.ca/planting/programs/50-million-tree-program/
https://www.forestsontario.ca/planting/programs/50-million-tree-program/
https://conservationontario.ca/
https://www.grandriver.ca/en/index.aspx
https://www.grandriver.ca/en/Planning-Development/Planning-and-Development.aspx
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lancP®. Ths is because much of the southerly Mixedwood Plains ecozone and a significant proportion of
the mixed forest of the Atlantic Maritime ecozone is private land. These ecozones in southérecQu
contain a greater percentage of valuable hardwood, like mapteaak, than the Crown landshich

are predominantly in the Boreal Shield to the north.

The Sustainable Forest Development Act governs the harvest and use of wood and management of

forests in Qébec™® ¢ KS awS3dzZ | GA2Yy NI A& LIS OdntXoyfarests inthg R NRa 2 F
R2YlIAYy 2F GKS {GFrdS¢ o6w{Cauv aSdta 2dzi +rftyvyzad nnn a
Industries must have approved General Forest Management Plans (GFMPs) which incorporate the RSFM
regulations®. Additional standardare set by forest certification organizatioggrimarily the Forest

Stewardship Council (FSC) and the Sustainable Forest Institute (SFI). Domtar and other forest companies
have their operations certified by one or both of these organizations.

The Governrant of Québec Ministry of Energy and Resources initiated a hybrid poplar breeding and

selection program in 1969, with testing of clonal material throughouéliga™®. A 2008 Green Paper

produced for the Ministry of Natural Resources and Wildlife recommerid&dS RS &A Iyl GA2y 27
aAf @A OdzZ G dzNB -brewhs téeés like Yiybrial Kobl&r End Fylbrid farch could be grown in pure

stands, with the benefit of reducing harvesting pressure on sensitive ecological zones. This would result

Ay I systeNDofifdRest management, consisting of intensive silviculture forests, protected areas

and ecosystemic management aréas

Some of the poplar plantations by various companies iéb@a have been on Crown léidbut most
poplar plantations have been edtlished on private land for sawlogs or pulpwood. Private land poplar
plantations that are grown over a longer rotation for roundwood are not considered to be an
agricultural crop, while shomtotation poplars and willows (i.e. grown for bioenergy or otparposes),
are recognized by the Government of Québec as agricultural crops.

9. New Brunswick

Forestry land in New Brunswick consists of Crown land, privaweted industrial forest lands and
LINA @I GS ¢22Rf20ad | I NRg22Ra o@bhghnkestihdodz) Bamlyn vz 2F b
consisting of maple and birch. Poplar (trembling aspen and largetooth aspen) accounted for 19% of the

(7))

56 Canadian Council of Forest Ministers. National Forestry Datahttge//nfdp.ccfm.org/en/index.php
(accessed February 24, 2020).

57 Government of Quebec,. Sustainable Forest Development Act.
http://legisquebec.gouv.gc.ca/en/ShowDoc/csi#8.1(Accessed January 25, 2020)

58 Government of Quebe®uébec's Forest System
https://mffp.gouv.qc.ca/english/forest/understanding/understandisystem.jsgAccessed January 25,
2020)

59 Réseau ligniculture Qébec. Poplarhttp://www.rlg.ugam.capopuliculture _en.php(Accessed January 25,
2020)

50 Government of Quebec. 2008. Forests: Building a future for QuéBBdN 97&-550-520511 74pp.

61 Doornbos, J., Richardson, J. and van Oosten, C. 2016. Activities related to poplar and willow uiliZaticata
20122015 p19.



http://nfdp.ccfm.org/en/index.php
http://legisquebec.gouv.qc.ca/en/ShowDoc/cs/A-18.1
https://mffp.gouv.qc.ca/english/forest/understanding/understanding-system.jsp
http://www.rlq.uqam.ca/populiculture_en.php
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hardwoods harvested and 7% of the total wood supplyhe total harvested area in 2017 was 80.1
thousand ha.

Crown forests ilNew Brunswick make up 70% of the forest land that is annually harvested. These

forests are harvested by companies under Forest Management Agreetaniaclude specific Forest
ManagementPlatd® ! Yy RSNJ 4§ KS LINE @Ay OS adtive@eeNSBichias hybdi = LI | y A
poplar is prohibited on provincially owned Crown lands.

t NAQGIGS g22Rt2Ga4X a RSTAY SR acgourhfér80%. oNlizy & 6 A O1 Q& C
LINE GAYyOSQa F2NBada 2N moddp YAff A2y KdlieProgihmd ¢ KNP dz
the provincial government partners with woodlot owners by providing 90% funding for silviculture

treatments (site preparation, planting, weed management and thinning), with the intent of producing

more valuable wood products sooner. Wootlbwners must meet certain criteria, including compliance

with all applicable legislation, including laws dealing with water bodies, forest fires and pesticide

applicationsln addition, eligible projects must folloBest Management Practices accordingitd

t NI OGAOlItf DdzARS (2 .atQa Ay bSég . NizyasAoOl tNARGIGS
climatechanged . dzZAf RAy 3 /I LI OA (& 2F bSg . NHzyagAOP 222Rf 2
Planting of trees on private land is not controligad may include poplar or willows according to the
flryR2gyYSNDa RSOAaA2yad t NAGFGS fFyR F2NBada Ydzaix
protect the environment, especially pertaining to wetlands and watercoltses

10.Prince Edward Island

Of the wood harvested annually on Prince Edward Island (PEI), 96% comes from priv&teDfitioe
AatlryRQa G2aGFft FNBF 2F pcyZcnn KSOGFNBasz F2NBada

62 Canadian Council of Forest Ministers. National Forestry Databtipg/nfdp.ccfm.org/en/index.php(accessed
February 24, 2020).

53 Government of New Brunswick, 2014. Forest Mgeraent Manual for New Brunswick Crown Lands 26pp
https://www?2.gnb.ca/content/dam/gnb/Departments/rirn/pdf/en/ForestsCrownLands/ScheduleE_ FMEh.pdf
64 Government of New Brunswick. 2012. Forest Productifes://www.canlii.org/en/nb/laws/stat/rsnb-2012-c-
105/latest/rsnb-2012c-105.html (Accesed January 25, 2020)

55Government of New Brunswick. 2019, Private Woodlot Silviculture ProgramZi21®
https://www?2.gnb.ca/contentdam/gnb/Departments/nf
rn/pdf/en/ForestsCrownLands/WoodlotSilvicultureManual.p@Rccessed January 25, 2020)

56 Bourgoin, Anthony, pers. comm.

57 Canadian Council of Forest Ministers. National Forestry Datahttge//nfdp.ccfm.org/en/index.php
(accessed February 24, 2020).



http://nfdp.ccfm.org/en/index.php
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/ForestsCrownLands/ScheduleE_FMM_En.pdf
https://www.canlii.org/en/nb/laws/stat/rsnb-2012-c-105/latest/rsnb-2012-c-105.html
https://www.canlii.org/en/nb/laws/stat/rsnb-2012-c-105/latest/rsnb-2012-c-105.html
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/ForestsCrownLands/WoodlotSilvicultureManual.pdf
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/ForestsCrownLands/WoodlotSilvicultureManual.pdf
http://nfdp.ccfm.org/en/index.php
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owned® The hardwood harvest constituted 84% of the totaod harvest in 2017, with the majority of
that being red mapleAcer rubrun)®. Poplar constitutes about 3@ /&> 2 F GKS t 9L Qa KI NRg

Although the Government of PEI encourages the use of biomass for energy, woody biomass from willow

or poplar ha not yet been a major practice. A pilot/research project to protect riparian areas on

agricultural land with selected willow clones has beergoing but riparian buffer widths of 15 m

legislated by the provincial government apply to agricultural andsfiolands alike and mean that only
grAftt26a LXFTYUGSR Y2NB G(GKIFYy wmp Y FTNRY 6dbkRipagah i SNDRa S
and Streambank Protection).

11.Nova Scotia

Private land forestry is dominant in Nova Scotia (71% of total wood harvesgéiiv). Hardwoods
account for 20% of the total harvest (655 thousant).iMierchantable hardwood in Nova Scotia consists
mainly of maple and birch with aspen poplar accounting for only 9% of all hardwoods and 3.5% of the
total wood supply’.

Riparian buffezones in Nova Scotia, in which wood harvesting is not permitted, are fixed at 20 metres
on both Crown and privately owned forest land by the Wildlife Habitat and Watercourse Protection
Regulation&. This limits the degree to which species associated myirian zones are available for
harvest (i.e. willows, balsam poplar).

Although fastgrowing plantations occur on both private and Crown land, the species used are native
a2F0o622Ra 0aLINHzOS 2NJ LAYy S0® b2@l { anagehentMBAS Y (i &
categorizes three forest zoneshigh-production forest, protection forest, and the ecological mati®

NEOASE Aad OdzNNByi(iteée o0SAYyANRPRYREAR2FRC2WEEK SIE Y| 6 dRS
fastgrowingnative softwood’.

58 Government of Nova Scotiwvildlife Habitat and Watercourses Protection
Regulationkttps://novascotia.ca/natr/widlife/habitats/protection/ (Accessed January 25, 2020)
Government of Prince Edward Island. 2002. State of the Forest R&p8fi¢ 2000
https://www.princeedwardisland.ca/sites/default/files/publications/2000_state of the forest report.p
df (Accessed January 25, 2020)

69 Government of Prince Edward Island. 2002. State of the Forest Report P92
https://www.princeedwardisland.ca/sites/default/files/publications/2000_state of the forest report.p
df (Accessed January 25, 2020)

O Townsend, Peter, 2004, Nova Scotia Foegentory Based on Permanent Sample Plots Measured between
1999 and 2003 Report FOR 2Q03.

" Lahey, William. 2018. An Independent Review of Forest Practices in Nova Scotia: Executive Summary
Conclusions and Recommendations.

https://novascotia.ca/natr/forestry/Forest Review/Lahey FP_Review Report ExecSummary.pdf
(Accessed January 25, 2020)

2 ahey, William. 2018. An Independent Review of Foresttiees in Nova Scotia: Executive Summary
Conclusions and Recommendations.

https://novascotia.ca/natr/forestry/Forest Review/Lahey FP_Review Report3txemary.pdf
(Accessed January 25, 2020)

7 Government of Nova Scotia. 2019. Higtoduction Forestry (Leg of the Triad).
https://novascotiaca/natr/forestry/Forest Review/docs/06252019/June_25 High Production_Forestry



https://novascotia.ca/natr/wildlife/habitats/protection/
https://www.princeedwardisland.ca/sites/default/files/publications/2000_state_of_the_forest_report.pdf
https://www.princeedwardisland.ca/sites/default/files/publications/2000_state_of_the_forest_report.pdf
https://www.princeedwardisland.ca/sites/default/files/publications/2000_state_of_the_forest_report.pdf
https://www.princeedwardisland.ca/sites/default/files/publications/2000_state_of_the_forest_report.pdf
https://novascotia.ca/natr/forestry/Forest_Review/Lahey_FP_Review_Report_ExecSummary.pdf
https://novascotia.ca/natr/forestry/Forest_Review/Lahey_FP_Review_Report_ExecSummary.pdf
https://novascotia.ca/natr/forestry/Forest_Review/docs/06252019/June_25_High_Production_Forestry.pdf
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12. Newfoundland and Labrador

The forest industry in Newfoundland and Labrador is small compared to some of the other provinces
with just over 1 million mharvested in 2017, approximately 1% of the national t6t&f this, only 97
thousand ni derive fran hardwoods; mostly white birch and aspéh Therefore, Newfoundland and
Labrador laws and policies regarding poplar and willow were not considered in this report.

13.Yukon Territory

Although both trembling aspen and balsam poplar grow naturally in the YT&ottory in northwestern
Canada, no hardwood harvest was recorded in the National Forest Database for 2017. Therefore, Yukon
laws and policies regarding poplar and willow were not considered in this report.

14.Northwest Territories

The National Forest Dalbase gives 38,847%mas the total amount of wood harvested in the Northwest
Territories (NWT) in 2017, with only 2% of that being recorded as hard/fodterefore, NWT laws
and policies regarding poplar and willow were not considered in this report.

Nevetheless, the Government of the NWT has developed a Biomass Energy Striategyich it
explicitly recognizes fagfrowing willow or poplar as a possible source of biomass.

15. Nunavut

The territory of Nunavut in northcentral/northeastern Canada is mos#egless and has no recorded
wood harvest according to the National Forest Database and few poplars or willows grow naturally in
the territory. Laws and policies regarding poplar and willow were therefore not considered in this
report.

16. Summary

Although CanBRl Qa Sy LINRPQOAYOSa KI@PS 2dz2NARARAOGAZ2Y 20SNI ¥
regulation for the management of native forest, especially on Crown land, are very similar and have

similar provisions for ecosystebased management of forest resourcesd for the protection of

riparian areas and other especially sensitive parts of the forest. The harvest of native poplars (mostly

aspen and balsam poplar) is considered in setting Annual Allowable Cuts and this is critical for areas in

.pdf; https://novascotia.ca/ecologicabrestry/TriadA-New-Visionfor-NSForestgpdf (Accessed January
25, 2020)

74 Canadian Council of Forest Ministers. National Forestry Datahttge//nfdp.ccfm.org/en/index.php
(accessed February 24, 2020).

5 Canadian Council of Forest Ministersitiinal Forestry Databashttp://nfdp.ccfm.org/en/index.php
(accessed February 24, 20200ps://www.faa.gov.nl.ca/forestry/ar_forest/forest types.html
(Accessed January 25, 2020)

6 Canadian Council of Forest Ministers. National Forestry Datahttge//nfdp.ccfm.org/en/index.php
(accessed February 24, 2020).

7 Government of he NorthWest Territories. 2010. NWT Biomass Energy Strategy.
http://www.grrb.nt.ca/pdf/forestry/NWT_Biomass_Energy_ Strateqy.[éccessed January 25, 2020)



https://novascotia.ca/natr/forestry/Forest_Review/docs/06252019/June_25_High_Production_Forestry.pdf
https://novascotia.ca/ecological-forestry/Triad-A-New-Vision-for-NS-Forests.pdf
http://nfdp.ccfm.org/en/index.php
http://nfdp.ccfm.org/en/index.php
https://www.faa.gov.nl.ca/forestry/our_forest/forest_types.html
http://nfdp.ccfm.org/en/index.php
http://www.grrb.nt.ca/pdf/forestry/NWT_Biomass_Energy_Strategy.pdf
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which aspen is the pnary harvested species in the Boreal Plains of the Prairie Provinces and the BC
Peace River region. Generally, within these Crown land areap|ahtng of hybrid poplars or other
exotic species is not done or done only for research purposes or undeiagprrangement.
Recommendations in papers produced iné@ec and Nova Scotia have suggested that forest land be
categorized in a Triad classification in which designated areas be made available for intensive wood
production similar to crop production cagricultural land. Thisay result in some further hybrid poplar
plantations in the futureespecially in Québec, where industrial poplar plantations meugnely been
established.

On privately owned land, there are fewer regulations with respect taldisthing poplar plantations, as
long as they avoid protected riparian areas. Even so, the classification of plantations as either forest or
agriculture presents some financial considerations for landowners in terms of taxation.

The use of poplars or willes for phytoremediation introduces other factors because effluent or
leachates from landfills, watdrom municipal sewag&eatment facilities, or reclaimed land requires
careful monitoringas well azonsiderations such as liability insuranéssuch,thesesystems need to
be carefully planned.

Forest companies throughout Canada can operate on Crown lands only if they meet provincial forest
management criteria in their management plans. Nevertheless, companies across Canada choose to be
certified under he Forest Stewardship Council @zadSustainable Forests Initiative. These certifications
impose some additional conditions but, since ttmmpaniesoperate internationallyfurther

internationally recognized certification is beneficial to them.
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. TECHNOAL INFORMATION

1. Taxonomy, Nomenclature and Registration
a) Salix

The genusalixincludes about 450 species distributed worldwidigh 76 found in Canada. The genigs
foundin all regions o€anadaand is one of the most diverse woody genera in the coufftr

The taxonomy and systematics $dilixcan bedifficult because of their dioecious reproduction, simple

flowers, common natural hybridization, and large intraspecific phenotypic varidtigioridization,

introgression, and polyploidy have leslcomplee @ NAF 6 Af A& | yR (GKS Wof dzZNNAR
Normally the genus is easy to recognizewever species identification in the field can be challenging.

Several valuable identification keys have been developed by George Argus, the dean of Gaitladian

taxonomy.A 2016key, Argusiescribes introduced and naturally occurriiglixspecies in

Saskatchewaf?. In Albertg an illustrated key to theSalicacea®f Albertacovering both poplar and

willow was published in 201%9.

Most naturally occurringzalix species found in Canada are shrubs with limited commercial \mitie
play major roles in ecosystems stabilizingdisturbed sites preveiiig erosion, and provishg wildlife
food and habitatln the prairiesnaturally occurring willow rings surroumdjephemeral wetlands
provide valuable bidiltering roles and can help control salinizatidmeir use as a source of energy
biomass is being investigated worldwidganadiarindigenous peoples hauesed willows for fuel,
construction, basketry, medicing®ols and weapons, and ceremoniélly

b) Alnus

The genug\nusbelongs to theBetulaceadamily and worldwide there are about 25 species. In Canada
there are sever\inusspeciesand subspeciegrowing naturallyTaxonomically,wo of the naturally
occurrirg Alnusspecies are divided into subspecies that are separated geographically and have
distinctive featuresA. incanaconsists ofwo subspeciesssp.rugosa and ssptenufolia whereasA.
viridishas three recognized subspecigssp.sinuatg ssp.crispaandssp fruticosa The other naturally
occurring species am&. rubraandA. serrulata

c) Populus

Taxonomicallythe Populuggenushassixsections, of whiclthree occur inCanadabalsam poplars [sect.
TacamahacdP. angustifoliaP. balsamiferaandP.trichocarpg]; cottonwoods [sectAigeiros(P.

8 Argus, G. W2007).Salix(Salicaceagdistribution maps and a synopsis of their classificatiokarth America,

north of Mexico.Harvard Paper in Botan$2, 33%368https://doi.org/10.3100/1043
4534(2007)12[335:SSDMAA]2.0.C(Aecessed February 18, 2020)

 Argus G, Harms V, Leighton A and Vetter M. 2016. Conifers and-Batking Trees and Shrubs of
SaskatchewarNature Saskatchewan

80 An lllustrated Key to th8alicacea®f Alberta:https://anpc.ab.ca/wpcontent/uploads/2019/04/Salicaceae
201904.pdf(Accessed February 20, 2020)

81 MacKinnon A, Kershaw L and Arnason J. 2016. Edible andiiedPlants of Canada. Parners Publishing. 448pp.



https://doi.org/10.3100/1043-4534(2007)12%5b335:SSDMAA%5d2.0.CO;2
https://doi.org/10.3100/1043-4534(2007)12%5b335:SSDMAA%5d2.0.CO;2
https://anpc.ab.ca/wp-content/uploads/2019/04/Salicaceae-2019-04.pdf
https://anpc.ab.ca/wp-content/uploads/2019/04/Salicaceae-2019-04.pdf
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deltoidegd]; and aspens [sedteucgP. grandidentataand P. tremuloide}. Species within a section
usually hybridize freely where they corimecontact. Species of different sections often have overlapping
ranges and do not hybridizexcept that members of sechigeiroshybridize with all species of sect.
TacamahacaSome of thesaaturalhybrids were originallgdescribed as specieBecause they can

persist for decades bslonal growth hybridsare often found in the absence of one or both parents.

P. trichocarpa

®
\ P. X hastata
/ A
A P. xgenerosa \

® P. balsamifera

_—

P. deltoides @ A ® P. angustifolia
P. xacuminata

Populushybridization in naturalPopulugpopulations in Canada

d) Registration

In Canadalttere are no federal regulations governing registration and deploymegab% Populusor

Alnus The Plant BreedersdRits Act does not apply t8opulus Salixor Alnusin Canada when planted in
forests.Howevercultivars can be registered under Plant Breeders Rights. Th&atikgultivar

currentyNS 3A a0 SNBR dzy RSN t £ I yi . NB SR MININESaiASHEMOEDSX 6t . wO
S. xeueratp® Its rights are held by thResearch Foundation for the State University of New York.

L I yd oNBR FYyR 2¢6ySR 2dziaARS /Iyl RI Ydzad 6S NB3IAA
Canadian agent is Moffat arfi@ompany. One poplar is registered with PBR, iHsulus temuloides

aSt SOGA2Yy VY I Y S$Rhispophiisiinehdsd f¢r {hé didariesta tharket and not used for

forestry or plantations. There are mdnuscultivars registered with PBR in Cdaa

In British Columbiavhen using seeds or vegetative material from a registered lot collected from parent
trees, for the purposes of establishing a tree stand, planters must use seeds or vegetative material that
are representative of the contribution dtfie parent trees to the lot. However in the case of poplar a
person may use vegetative material collected from a single parent tree to establish a hybrid poplar

82 Modified afterArgus GN., Eckenwalder.B, Kiger RV. Salicaceae. In: Flora of North America Editorial
Committee, editor. Flora of North America. Oxford and New York: Oxford University Press; 2010.

83 plant Breeders Rights Variety Description for Preble willow
https://www.inspection.gc.ca/english/plaveag/pbrpov/cropreport/wil/app00009178e.shitcessedrebruary 20,
2020)

84 plant Breeders Rights Variety Description for Prairie Skyrise trembling aspen
https://www.inspection.gc.ca/english/plavea/pbrpov/crogport/asptr/app00008776e.shtnlAccessed February
20, 2020)



https://www.inspection.gc.ca/english/plaveg/pbrpov/cropreport/wil/app00009178e.shtml
https://www.inspection.gc.ca/english/plaveg/pbrpov/cropreport/asptr/app00008776e.shtml
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stand, if the stand does not exceed 10 hectdfds. British Columbighere are restriction®n the use
and importation of hybrid poplar clones known to be susceptiblthiodiseaseSeptoria musiv&®

Populus and Salix Clone Directory for Canada

The Poplar and Willow Council of Canada has created an electronic database containing poplar and

willow germplasm (pollen, seedlot, progeny or clone) data for Caf@lae directory has been in

existence for more than 30 year8ver the period 2016 to 2018, the Genetics and Breeding Working

Group of the Poplar and Willow Council of Canada updated ansegtthedatabase thats available on

GKS /2dzy OAf Qa 6So0aAiiS o 2&4MBecdrls, brijadired iBlicrasoitMbdeBsg i f &€ Ay O
The database provides a forum for Canadian breeders to archive breeding lines and released cultivars in

a searchata format.

2. Domestication and Conservation of Genetic Resources
a) Populus

There are six species Bbpulugfound in Canada?opulus deltoigsis divided into two subspecies ssp.
deltoidesand sspmonolifera Qubsp.moniliferais the abundant cottonwoodfdSaskatchewan and
Manitoba and extends sparsely into southwestern Alberta. It intergrades witldsfipidesin western
Ontario, ssp deltoidesextends east to Qébec

Aigeirossection

P. deltoidessp.deltoides(Eastern cottonwood) Southern Ontario ad Québec
P. deltoidessp.monolifera(Plains cottonwoody Southern Saskatchewan and Manitoba and
southeastern Alberta

Leucesection

P. tremuloidegTrembling aspen, Quaking aspemll provinces and territories
P. grandidentatgBigtooth aspeny; Souhern Manitoba, Ontario, Qébec, New Brunswick and Nova
Scotia

Tacamahacaection

P. balsamifergBalsam poplard All provinces and territories
P. trichocarpdBlack cottonwoody, British Columbia and Southwest Alberta
P. angustifoligNarrowleafcottonwood) ¢ Southeast British Columbia and Southwest Alberta

8/ KAST C2NBadSNDa hftpsHwiRdoNBa ca/fiaiblgdvBaBriigatusi@esourcesand-
industry/forestry/tree-seed/leqgislatiorstandards/consolidated cf stds amended 5apr2018(pdtessed
February 18, 2020)

86 YanchukAlving Pers. Comm.

87 poplar and Wibw Council of CanadePopulusand SalixClone Directory for Canada.
http://www.poplar.ca/clonedirectory (Accessed February 16 2020)



https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/forestry/tree-seed/legislation-standards/consolidated_cf_stds__amended_5apr2018.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/forestry/tree-seed/legislation-standards/consolidated_cf_stds__amended_5apr2018.pdf
http://www.poplar.ca/clone-directory
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PopulusBreedingand Testing

The Agriculture and Aghood Canada (AAFC) at Indian H&akatchewarpoplar breeding program
has beerongoing for over 75 yeaf§ Activity increased significantly #000and thecurrentbreeding
program includes over 12,000 genetic lines within fiRbsibfamilies. Sevent§ive percent of the lines
were propagated and planted in replicated field triakmrting in2006. In 2014, improved intespecific
hybrid seledbns were planted in a common garden at Indian Head along with-amtegificP.
balsamiferahybridsb h @SNI f £ = (GKS LINPINI Y | A¥a glhdl KRFB A2 ITINRKW
rates; adapationto short summers and the risk of growisgason frost; witer hardy to-50C; drought
resistan, insect and disease resistaand optimum form/architecture for maximizing carbon storage. In
addition, screening efforts focus on resource use efficiencies (particularly, water and nutrients) and
growth responsive téncreasing atmospheric GOn the spring of 2020, two new hybrid poplar clones
will be released foagroforestryplanting.

The shoriterm goal of thecurrent AAFhreeding program is development of iybrids in support of
ecological services (e.g. farmdifield shelterbelts, intercropping, odour/particulate control,
enhancement of pollinator habitat, ripariaestoration, riparian protection The longterm goal is to
solidify the genetic resources P. deltoidesand P. balsamiferdo serve recurrent beeding effors.

Overall poplar breeding efforts focus on exploitation of witképecies population level genetic variation
that would best serve current and future climates of the Canadian prairies and beyond. In addition,
exploratory effors are evaluatignew intraspecific Fcombinations withP. deltoidesandP.
balsamiferaandtheir pure species statd he latter focusson provenance, family, or clone test®he
secondary londerm goalis to conduct exploratory evaluations of additional Aattive gecies (e.gP.
laurifolia., P. nigra, P. maximowi¢zandP. simonji.

Balsam poplarK. balsamiferjis the preferred species for oil sands reclamation planting in northern
Alberta. Balsam is a native specieshe region (a regulated requiremen®asy b propagate and has
rapid grovth. There is appropriate genetic material developed by previous Aldatafic poplar

breeding programs. The reclamation work with balsam poplar is done in partnership between Alberta
Pacific Forest Industries and Syue as the energy company dispositions and the forest copara
forest management agreement areas (FMAs) ovetlap.

In Québec the Ministére des Foréts, de la Faune et des P@vti-FP) poplar breedingrogrammehas
beenunder way since 196&8nd is one of tw active programs in Canada. The progiantudes over
11,000 clones and approximately730 families obtained frorfive speciesSince 2016, efforts have
focused on intrespecific breeding of parental populatior2.{leltoidesand P. maximowiczjin order to
diversify their gene pool and to allow the production of advanced generation of hybitigsbreeding
goal is @velopment of higkperforming k hybrids adapted to Qébec bioclimatic conditions and
tolerant or resistant to major diseases (eSgptoriamusiva[Sphaerulina musiya New progenies of
parental linesP.deltoidesx P.deltoides P. maximowiczik P. maximowicziiandP. nmaximowicziix P.
suaveolenghave beerobtained through intraspecific breedindor propagation and testing beginning in

88 SoolanayakanahallfRaju- Pers. Comm

89 Barb Thomas presentation Uppsala Sweden September 20Pdplar Breeding in North Amerie&Vhat are we
breeding for? http://www.poplar.ca/upload/documents/thomasippsalapresentatin-sep2017.pdf(Accessed
February 20, 2020)



http://www.poplar.ca/upload/documents/thomas-uppsala-presentation-sep-2017.pdf
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2020 For the 20162019 period, two new tested MN cloneB.(maximowiczi P.nigra) and one DM
clone P.deltoidesx P.maximowicziiwere deployed for commercial planting in énec.*°

In British Columbighe current program has been under way sinc&49with testing of native and

hybrid poplars* With the demise of poplar activity in British Columb@additional work is plannedA
poplar clone bank situated at the Puckle Road Seed Orchard, in Saanichton BC, has about 300 clones
archived. Approximatg one-half of the clones at this site will not be-pgopagated (some are being
damaged by poplar borer), due to susceptibilityeptoriaeaf rust.

PopulusEx SitlConservation

At Agriculture and Agiffood Canada (AAFR@)e primary purposeof poplarconservatiorefforts is to
obtain a genetically representative sampleRofbalsamiferandP. deltoidessp. monolifergermplasm
over a wide geographic region for building breeding populationsir Tiitent is to sample the
geographic range afachspedes.®? Current collections at AAFC inclugebalsamifergAgCanBaP
collectiong Agiculture CaradaBdsamPoplar),P. deltoidessp. monoliferaP.x petrowskyanaand
Populushybrids

Since the beginning of the Quebec poplar breeding program, diverse alighlsn populations have
beentested and conserved in different tests across the provii&ince 2016, new material has been
incorporated into the programme to diversify the gene pool of somthefparental lines .
maximowicziandP. deltoide¥ In 2AL7, a conservation plantation was established with selected
material from theP. maximowicziP. trichocarpandP. deltoidepopulations.

In British Columbighe Ministry of Forests, Lands and Natural Resource Operatiistainstwo clone
banks ofP.trichocarpa, P. balsamiferand some hybrid%

PopulusGenomics

During the past five years, Canadian genomic approaches have generated baseline data about the
genetic structure and long distance gene flowPalpulusspecies across their ranges. In aditia

number of climate/edaphic and biotic factors that have contributed to shape their diversity were listed.
Candidate genomic regions involved in growahd woodrelated traits, and gender determination were
also identified. Indeed, sympatric zonesWwetn species may have permitted some of them to acquire
adaptive traits. These findings will allow the testing of new hypotheses and the disentanglement of
phenotypegenotypeenvironment relationships useful for breeding programmes. The development of
genanic resources has also provided ceffective markers to distinguish genotypes that can help
address specific forest magament or restoration questions.

Predicting the response of trees to the natural environment has traditionally been one of the nadén go
of breeding programs. When considering global change, the acquisition of knowledge about key
environmental drivers and the adaptive capacity of tree species is necessary to guide breeding and
conservation programmes as well as for forest managementaondystem restoration. In order to

0t NHzZR QK 2 Y'Y $ I Pesdgorhrh. | dzY $
°IYanchuk, Alvig Pers.Comm.

92 SoolanayakanahallfRaju- Pers. Comm.

%t NHzR QK 2 Y'Y S X Pesdgorrh. | dzY S
% Yanchuk, Alvig Pers. Comm.



Page25of 106

understand better how species adapt to their environmedanadian researchers are usilifferent
genomicapproaches alone or in combinatipimcluding i) genotypeenvironment association (GEA)
when phenotypes are navailable and ii) genotypghenotype association (GPA) based on common
gardens®

PopulusspeciesK S 0 SYySFAGSR INBFrdte FTNRY (KS w2yYyiaoda SNI
studies have been carried out on Canadian speéiegichocarpaP.balsamifera P. angustifoliaP.

deltoidesandP. tremuloidesMoreover, genomic resources (e.g. transcriptomes, gene copy number

variants) and new approaches (rare variants to explain phenotypic variation) are being developed that

will lead to a better uderstanding of the genomic architecture of tree resistance to biotic and abiotic

stresse®.

RecentAgriculture and AgiFood Canada (AAFR&Hjorts include modelling poplar traits using DNA
methylationto capture tissuespecific epigenetic mechanisms indhugl total biomass, wood density,
soluble lignin and cell wall carbohydrate. AAFC also investigaf@ddienies of an intrgorovenance

cross (northnorth cross, 58th parallel) and an intprovenances cross (nor$outh cross, 58th/49th
parallels) for geneopy number variations (CNVs) using comparative genomic hybridization on arrays of
probes targeting gene sequencesbalsamiferd’” Oneto-five gene CNVs were found to be related to
each of the measured adaptive traits and annotated for both biotic anotiatstress responses. These
annotations can be related to the occurrence of a higher pathogenic pressure in the southern gairts of
balsamiferadistribution, and higher photosynthetic assimilation rates and waiee efficiency at high
latitudes. Overd] findings at AAFC suggest that gene CNVs typically having higher mutation rates than
SNPs and may in fact represent efficient adaptive variations agains\fasting pathogen%

GEA approach

Population genetics studies and genotygevironment associ&ns (GEA) have been conductedPin
balsamiferaP. deltoidesand their hybrids. The genotyping of cpSNPs and ncSNPs of 1200 individuals
from across thd>.balsamiferarange revealed -3 genetic clusters that likely derive from three refugia in
the Pleisocene ice age. In the Eastern cluster, endogenous genomic barriers have led to a sharp border
that prevents the disentanglement of local adaptation from historical proce¥ses.

A large scale genome project led by Canadian researchers studied the extentedt variation within
and amongP. balsamiferapopulations in phenology, ecophysiology and resowuse traits, using single
nucleotide polymorphism (SNP)he ability of individuals within a species to adapt to different

9% Sork, V.L., Aitken, S.N., DyRtJ.,A. J. Eckert, A.J., LegendPeandNeale D.B 2013 Putting the landscape into
the genomics of trees: approaches for understanding local adaptation and population responses to changing
climate.Tree Genetics & Genom@901¢911. https://link.springer.com/article/10.1007/s11296130596x

% Piot, A., Prunier, J., Isabel, N., Klapste, KaBs$aby, Y. A., Villarreal Aguilar, J. C., & Porth, 1. (2019). Genomic
DiversityEvaluation of Populus trichocarpa Germplasm for Rare Variant Genetic Association Snaditsts in
Genetics10, 1384 .https://doi.org/10.3389/fgene.2019.01384

9 Prunier, J., Giguéeré, Ryan, N., Guy, R., Soolanayakanahally, R., Isabel, N., MacKay, J., and Porth, I. 2019. Gene
copy number variations involved in balsam popRogulus balsamiferh.) adaptive variationddolecular Ecology
28 (6): 14761490. https://doi.org/10.1111/mec.14836

98 SoolanayakanahallfRaju- Pers. Comm.

% Meirmans, P. G., Godbout, J., Lamothe, M., Thompson, S. L., and Isabel, N. (2017). History rather than
hybridization determines population structure and gdation in Populus balsamiferdournal of Evolutionary
Biology 30(11), 20442058.https://doi.org/10.1111/jeb.13174



https://link.springer.com/article/10.1007/s11295-013-0596-x
https://doi.org/10.3389/fgene.2019.01384
https://doi.org/10.1111/mec.14836
https://doi.org/10.1111/jeb.13174
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environments resides in theiregetic diversity. This diversity, most commonly manifested as SNPs, can

LINE JARS OfdzSa (G2 GKS FTRIFILWGAGS &GN GS3IASA FyR L Lz
evolution and migration northward#griculture and AgfC 2 2 R/ I y I R QBaP collettia/ 0 ! 3/ |y
exhibits great phenotypic variations both in a common garden and greenhouse conditions. The

availability of &P. balsamiferaequenced genome makes it possible to direct attention to candidate

genes of interest. The candidate genes of ingtii@ the AAFC poplar breeding program involves

phenology, carbon gain, resourcse (water and nitrogen), and disease resistaffte.

~ A 4 oA 2 4 oA

ForP.deltoide€ G KNBS RA&aGAYyOl tAySIF3ISa 6SNBE RSGSOGSR I ON
their current distrbution was associated with abiotic and biotic variations (Godbout et al. 2019). The
comparison between both cpDNA and ncDNA patterns showed that gene flow between the lineages is
unbalanced. The southern and northeastern populations may benefit from the through river flow

2F Y208t ft8tS8a t20F (SR dzLda GHNEBI LU0 SFF  (AKYSOENY Ay D 1 £ ¢
help to cope with maladaptation in populations facing changing condifiins

Genotypephenotype association (GPA)

Both GEA and GP/Aere conducted in 43®. trichocarpayenotypes originating across western North
America and growing in common gardens. All trees were genotyped with neadBBNPs and

measured for growthand woodrelated traits and disease resistance. To determinerttidecular basis

of climate adaptation, the authors also looked for signatures of selection (comp@¢irlgsy) using the
clustering by climate of origin (temperature and precipitation) of the individuals. More than 10% of SNPs
tested showed signals ofwdirsifying selection and a number of them were found to be associated with
adaptive traits. Many SNPs were putatively pleiotropic for functionally uncorrelated adaptive traits, such
as autumn phenology, height, and disease resistdftce.

Usinga British Colmbia Ministry of ForestP. trichocarpacollection,researchers at the University of

British Columbi®2 Yy RdzZOG0 SR D2 ! { a0 dzRASA dzaAAy3d mwodua {bta 3IASy
sequencing (Suardz2 y T I £t ST S Ft® wnmcod ¢KS& aiddzZRASR O NA I
conditions. Despite phenotypic similarities, genetic profiles between the southerh Y Ry 2 NI KSNY Y
genotypes were dissimilar based on SIPA. laterGWAS studyat the University of British Columbia,

was conductedo verify the presence of tradeffs between growth and disease resistanc®in

trichocarpa Almost 300 SNPs were fouttdbe associated with adaxial stomatal traits. The authors

100 5ppolanayakanahallfRaju- Pers. Comm.

101 Godbout, J., Grekouis, M-C., lamothe, M.,andIsabel, N. (2020). Going with the flow: Intraspecific variation

may act as a natural ally to counterbalance the impacts of global change for the riparian species Populus deltoides.
Evolutionary Applicationd 3(1), 17&194.https://doi.org/10.1111/eva.12854

102porth, I., Klapste, J., McKown, A. D., La Mantia, J., Guy, R. D., Ingvarss&igtrard.Hamelin, R., Mansfield,

S.D., Ehlting, J., Douglas, C.J. aikkhE$aby, Y. 2015. Evolutionary Quantitative Genomics of Populus
trichocarpa.PloS Ongl0(11), e0142864https://doi.org/10.1371/journal.pone.0142864

103 McKown, A. D., Klapste, J., Guy, R. EKaShby, Y. A., & Mansfield, S. D. 20E8ological genomics of variation

in bud-break phenology and mechanisms of response to climate warming in Populus trichotaepgdew

Phytologist 220(1), 30@316. https://doi.org/10.1111/nph.15273
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proposed that the occurrence of amphistomaty (stomata on both leaf surfac&s}richocarpareflects
selection for supporting rapid growth over investment in immunfty.

Hybridization as a soueof variation and adaptation

Hybrid zones among the different sexually compat®dgpulusspecies were studied to look for adaptive
introgression that can affect not only the trees but also other trophic levels such demaithg
arthropods (Floate eal. 2016). In the latter case, stand diversity, in terms of the number of trees
representing different classes of hybrids, affects the diversity of arthropod species present and their
number. One explanation could be that the diversity of tree genotypis©a larger window of
opportunity to their associated arthropods. Asymmetric patterns of introgression across the whole
genome ofP. trichocarpandP. balsamiferavere also observed along the British Columbia/Alberta
north-south border, with stronger tnogression fronP.balsamiferato P.trichocarpathan vice versa.
These regions are enriched for genes involved in disease resistance. A complementary study also
suggested that the northern range extensionRofrichocarpadepends, at least in part, ontrogression
from P.balsamifera However, admixture witlP.balsamiferacan lead to potentially maladaptive early
phenology and a reduction in growth and disease resistanBetiithocarpa®® Contact zones between
species are of interest since the demginent of new allelic combinations at the whole genome level
offers huge potential for evolutionary adaptation (Rieseberg et al. 2893).

Gender determination

I K2t SmaSy2YS NEBaS IPdiéhygcarpapEck tottdnitaRd) aDK3R hAlsamifera
6o0Ftaly LRLIEFIND AYRAGARIZ & 2F 1y26y &SE WENNYAGGS
GWAS approach found that sexual homomorphism (noenmepnoductive trait differences between the
sexes) suggests that gender is functionally neutréh waspect to norreproductive features that affect

plant survival and fitnes¥2Using the same. trichocarpaollection,a Genome Canada funded project

at the University of Toronttater assessed a subset of these genes for differential methylation using
whole methylome sequencing of the xylem tissue of individuals growing under field conditions. They
found that one gene, PbRR9, has a role in poplar sex determination that is mediated through epigenetic
mechanisms The discovery of the sex determining @mgi(SDR) d?. balsamiferapinpointed 13 genes

with differentiated X and Y copieBhe only SDR gene to show a marked pattern of geggecific

methylation is PbRR9, a member of the two component response regulator gene family, involved in

Wa0Y28ys ! @ 503 Yt LIOGSET WohI Ddze >-Kassaby5Ydx, ard MalSfield S.h & w o
D. 2019. A role for SPEECHLESS in the integration of leaf stomatal patterning wittwthevgrdisease tradeff

in poplar.New Phytologis23 (4): 1888L903.https://doi.org/10.1111/nph.15911

05 SyarezGonzalez, A., Hefer, C. A., Lexer, C., Cronk, QaBGd®puglas, C. J. 201Scale and direction of

adaptive introgression between black cottonwood (Populus trichocarpa) and balsam poplar (P. balsamifera).
Molecular Ecology?27(7), 166¢1680.https://doi.org/10.1111/mec14561

106 Rjeseberg, L.H., Raymond, O., Rosenthal, D.M., Lai, Z., Livingstbiaéaato, T., Durphy, J.L., Schwarzbach,

A.E., Donovan, L.A., and LexeR@3. Major ecological transitions in wild sunflowers facilitated by hybridization.
Science, 305637): 121£1216.https://science.sciencemag.org/content/301/5637/1211

07 Geraldes, A., Hefer, Gapron, A., Kolosova, N., Martifdanez, F., Soolanayakanahally, Ranton B., Guy

R., Mansfield S., Douglas C.J. andCronk, Q(2015). Recent Y chromosome divergence despite ancient origin of

dioecy in poplars (Populus)lolecular Ecology24(13), 32483256.https://doi.org/10.1111/mec.13126

108 McKown, A. D., Klapste, J., and Guy, R. D. 2017. Sexual homomorphism in dioecious trees: extensive tests fail to
detect sexual dimorphism in Populi&cientific Reports._https://doi.org/10.1038/s41598)17-018937
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cytokinin sigalling. Here, they paired work . trichocarpandP. balsamiferalescribing one of the
smallest sexdetermining regions known thus far in complex eukaryotes (~ 100 kbp) with comprehensive
tests for sexual dimorphism using> 1300 individuals fromRwepuus species and assessing 96 non
reproductive functional traits. They found sexual homomorphism (ncnepnoductive trait differences
between the sexes), suggesting that gender is functionally neutral with respect tcepooductive

features that affecpoplar survival and fitnes¥*

b) Alnus

Alders are divided into two subgenefdnusand Alnobetulal!® One speciesdinus rubrgred alder) is
commercially significant as a fagtowing tree species Canadaln western British Columbia it is the
main harvesged hardwood species with a rotation age of approximately 30 y¥ars.

Alnussubgerus

A. rubra(Red alder};, Western British Columbia and Vancouver Island
A. incanassp.rugosa(Speckled alder All provinces and territories
A. incanassp.tenufolia(Mountain alder)c Eastern British Columbia, Western Alberta and Yukon

Alnobetulasubgerus

A. viridisssp.sinuata(Sitka alder); British Columbia and Western Alberta
A. viridisssp.crispa(Green alder};, Eastern Canada

A. viridisssp.fruticosa(Siberian aldr) ¢ Northern British Columbia

A. serrulata(Hazel alder} New Brunswick, Nova Scotia and Quebec

Alnus Breeding and Testing

On the west coast of British Columi§CYyed alder(Alnus rubraproducesin a short time (about 30

years or less) high yieddf wood It is amediumsizedtree, up to 24 metres tall with alightly tapered

trunk extending up to a narrow, rounded crown. Trees in the open have crowns that start near the
ground giving it a broad cone shaggonsidering its productivity, easy remation (prolific annual seed
crops), and low risk of being affected by damaging agents, it is a suitable species for intensive
management on somBCcoastal sites, especially those where the establishment of conifeifficult

(e.g., on riparian sitgsRed aldels also suitable as a nurse crop species on nitrgguor sites (although
the more shrubby and shadelerant Sitka alder may be more appropriate) and severely disturbed sites
(landslides, landings, etc.). It has been suggested as a nurdessfircSitka spruce, as its shade and
visual divesion will deter spruce weevif:2

In British Columbial4red alderresearch trialhave beerestablished around Vancouver Island and the
lower mainland to exand breeding populatiomand provide more datéor climate based seed transfer

109 Brautigam, K., Soolanayakanahally, R., Champigny, M., Mansfield, S., Douglas, C., Campbell, M. M., and Cronk,
Q. 2017. Sexual epigenetics: gendpecific methylation of a gene in the sex determining regibRopulus

balsamifera Scientific Reportg.: 45388 https://www.nature.com/articles/srep45388

110Trees in Canada. 1995. Farrar, J.L. Natural Resources Canada, Canadian Forest Service,-itdisiaeCby
Fitzhenry and Whiteside Limited, Markham, Ontario. 502 p.

MlyanchukAlving Pers. Comm.

12 yanchukAlving Pers. Comm.
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functions. Four of theesites are fored alderselections. The British Columbia breeding program

focuses omecurrent selection, andhaintainingproduction populatiosin seed orchardsThe program

relies onopen pollinatel progeny along with someontrolled polymixcrossesThe first selection cycle

was used to develop a seed orchard with concurrent field trial evaluations. This phase has generated 19
selected clones with a 30 percent volume increase projected after 30iggoyears. The progerngsting
program, started in 201hasover 25,000 trees in 14 tests. The second selection is scheduled for 2022
and establishment to phase 2 seed orchard in 202% breeding population will be establishedwan
effective populatn size of approximately 80 lineScreeringfor western tent caterpillar resistanacaill

be incorporated intadhe next selection cyclel9 clones (OP seed from a seed orcha®do gain in

volume projected by age 38

13 yanchukAlving Pers. Comm.
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c) Salix
Traditionally, the subgenarclassification oSalixwas based on morphologicaharacteristicsin the
recentclassification, five subgeneeae recognized**

Distribution of Salixsubgenera in Canad#
Species | Distribution Species | Distribution

Subgenmus Protitea Subgemis Vetrix
amygdaloides BC AB SK MB ON QC |alaxensis alaxensis |BC YK NT NU
nigra ON QC NB alaxensis longistylis |[BC YK NT
Subgerms Salix arbusculoides BC AB SK MB YK NT NU
lasiandra lasiandra YK NT BC AB SK argyrocarpa QC NF
lasiandracaudate BC barclayi BC YK AB
lucida SK MB ON QC NS NB PEbarrattiana BC AB YK NT
maccalliana BC YK NT AB SK M ON |bebbiana All Provinces
serissima NT AB SK MB ON QC |calcicola calcicola |NU QC NF
Subgems Longifoliae calcicola glandulosigBC AB
exigua exigua BC AB candida YK BC ABK MB ON QC NB
interior NT BC AB SK MB ON Q{commutata BC YK
Subgemis Chamaetia cordata ON QC
arctica YK BC NU NT discolor BC AB SK MB ON QC NB PE NS
arctophila NT NU QC drummondiana BC AB
athabasensis YK BC AB SK MB eriocephala SK MB ON QC NB RS NF
brachycarpa brachycarpg YK BC AB SK ON famelica AB SK MB ON
brachycarpa psammophi| SK farriae YK BC AB
cascadensis BC geyeriana BC
chamissonis YK hastata YK
fuscescens YK NT NU hookeriana BC
glauca BC YU NT NU QC NF  [humilis humilis MB ON Q@B PE NS NF
jejuna NF myricoides ON QC NB NF
niphoclada YK NT NU myrtillifolia YK NT BC AB SK MB ON
nivalis BC AB pellita SK MB QC NB NF
ovalifolia YK petiolaris BC AB SK MB ON QC NB PE NS
pedicellaris All Provinces planifolia All Provinces
petrophika BC AB prolixa YK NT BC AB
polaris BC YK NU pseudomonticola |YK NT BC AB SK MB ON
raupii BC YK NT pseudomyrsinites |YK NT BC AB SK MB ON
reticulate BC YK NT NU QC pyrifolia YK NT BC AB MB ON QC NB PE
rotundifolia dodgeana |YK NT richardsonsii YK N NU
setchelliana YK scouleriana YK NT BC AB SK MB
sphenophylla YK NT sericea QC NB
stolonifera BC silicicola SK
uvaursi NU QC NF sitchensis BC
vestita BC AB ON QC NF turnorii SK

tyrrellii NT NU SK

114 Argus GW, Eckenwalder JE, Kiger RW. Salicaceae. In: Flora of North America Editoria¢ € aditutt Flora

of North America. Oxford and New Yo@kxford University Press; 2010.

115 Argus, G. W. (2007%alix(Salicaceae) distribution maps and a synopsis of their classification in North America,
north of Mexico.Harvard Paper in Botan$2, 33%,368.
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SalixBreeding and Testing

Willow clones have aaccepted role foshelterbelts,nutrient management, carbon sequestion,
phytoremediation, bienergy plantations, riparian protection and fibre production in Can&didlow
selection and breedingaditionally have focused on high biomass production unagimum
environmental coniions. Apart from the fact that optimum conditions are not realized in most of the
potential willow plantations in western Canada, new willow genotygresbeingscreened for the needs
of multi-purpose agroforestry as well aginass production. Any evaluation of potential suitability of
the plant material for multpurpose applications requires characterization in terms of biomass
production, nutrient accumulation and nutrient turnover and adaptability to local growing comditio

In the last two decades, major willow breeding efforts in Sweden, thiteetd Kingdom and United States

have resulted in the development and deployment of both intad interspecific hybrids with

important agronomical traits necessary toipenergy pantations.The firstSalixoreeding programs in

Canada were by Alex MosselrDr.Lou Zuffa_abat the University of Toronto in the 1980s. Some of

the genetic material from this program was transferred to the State University of New York at Syracuse

where it was used in their breeding progranas2 8 8 St SNQa SI NI &8 NBa&aisSl NOK 3ISyS
viminalis x miyabeanhybrids still in use today.

The majority ofSalixcultivars usedommercialy in Canada are produced at two nurseries, Agro Energie
in Quebeand Double A Vineyards Nursery in Fredonia, New ¥oiumerous willow clones have

been tested at multiple locations across Canada. These trials are determining optimum clones for
different regions of the country. The following willow clorage currently being deployedr testedin
Canadian plantings.

Clone Species Clone Species
Allegany | S. purpurea Vim 5027 S. viminalis
Millbrook | S. viminalis x S. miyabeana India S. gmelinii
Olof S. viminalis x (S. viminalis x S. scherwi Nigra 5005 S. nigra

Otisco S. viminalis x S. miyabeana Alba 5044 S. alba
Owasco | S.viminalis x S. miyabeana Eriocephala S25 S. ericephala
Preble S. viminalis x S. miyabeana Discolor S365 | S. discolor
SV1 S. gmelini{dasyclados) Fish Creek S. purpurea
Sx61 S. viminalis x S. yabeana Fabius S. viminalis x S. miyabeana
Sx64 S. viminalis x S. miyabeana Sanguinea S. xfragilis
Sx67 S. viminalis x S. miyabeana Acute S. acutifolia
Tully S. viminalis x S. miyabeana White S. alba sericea
Tora S. viminalis x S. scherwinii Laurel S.pentandra

Bionera a contracting company specializing in short rotation intensive culture willow plantatiads,

the CFSvill be establishing new common garden clonal willow trials at Beaverlodge, Ohaton, Forestburg

and Keoma Alberta testirg selectiorof 17 clonedrom the list above An additionafour sites ranging
to the 60" parallel, with two in Saskatcheewaine proposedAt the Keoma siteBionera has an existing

H6Krygier, Richard Pers. Comm.
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trial with 13 cultivars under evalutiomhese include: Allegany, Bjorn, Millbrobkyst4, Olof, Otisco,
Owasco, Preble, SV1, Tora, Tully and Viminalis. Both trials were harvested.i’2016

As phosphorus levels in surface water runoff increase, algal blooms (eutrophication) manifest in
downstream lakes, resulting in decreased water gyahquatic species mortality and loss of
recreational spacé'® A practical solution may lie in current agroforestry practices. Willow trees are
often planted on marginal lands surrounding agricultural fields to act as riparian buffers. Harnessing the
ability of these willow trees for uptake, storage and remobilizatiomatrientsin aboveground tissue
could facilitate the longerm management of phosphorus levels in both water and soil, while providing
a reliable source of biomass for fibre, biofuel pugtion and even biochar. In addition, to amend soil
quality, revegetate salaffected fields and recover economic loss associated with soil salinization, the
establishment of short rotation coppice plantations with willows has been suggested as a possible
solution. Native willows showed higher potential for letegm survival under severe salinity treatment,
showing lower Na:K ratio in roots and better photosynthetic performaft&he increasing importance
of managing phosphorus in agroecosystems has gigerto Salixdomestication and breeding efforts at
Agriculture and AgiFood centred out of Indian Head and Saskat@askatchewan.

At Agriculture and Agifrood Canada (AAFGglixbreeding efforts focus on exploitation of withiand
between species geetic variationof genotypeglanted in common garden or clone te$t8 The short

term goal of the breeding program is development oh¥frids in support of ecological services (e.g.
enhancement of pollinator habitat, riparian protection, wetland restarat municipal wastewater
management, short rotation dedicated bioenergy crop on marginal lands, salinity management). The
longterm goal is primarily to solidify the genetic resourceSireriocephalthat would serve a

recurrent breeding effort. Overalthe breeding program aims to develtppd A RS gAf f 246 A RS?2
with rapid biomassaccumulation adapted to short summers and the risk of growsegason frost; be
winter hardy to temperatures as low §50eC; be drought resistant, insect and disease resistant;
optimum form/architecture for maximizing machine harvesting. In addition, screening efforts focus on
phosphorus mitigation via cultivar selection.

AAFC teeding methods include qualitative selectiohparents for intraand interspecific

hybridization, typically with only one generation. This is followed by nursery scoring for leaf rust, branch
habit, and vigour; screening for cold hardiness and drought hardiness gear oppice rotation and

finally field testing for site adaptability, growth, form and pest resistaite airrent AAFGrogramhas

been under way since 2003 wittttivity increased significantbetween 2008 an@013.Between 2016

and 201%he breeding program incluakover ~2500genetic lines with ~60 controlled pollination
families.About 60 percent of the lines have been propagated and are planted in common garkhen

2020, three new hybrid willow clonese planned tde released for salinity management, bioenergy
purposes ad phosphorus mitigation along riparian zoriés.

17 Krygier, Richard Pers. Comm.

118 SoolanayakanahallfRaju- Pers. Comm.

1%Da Ros, L. M., Soolanayakanahally, R. Y., Guy, R. D., and Mansfield, S. D. 2018. Phosphorus storage and
resorption in riparian tree specieEnvironmental applications of poplar and willd#nvironmental and
Experimental Botan$49: 18. https://doi.org/10.1016/j.envexpbot.2018.01.016

120 5p00lanayakanahallfRaju- Pers. Comm.

21 smlanayakanahallyRaju- Pers. Comm.
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At the University oSaskatchewarsecond rotation biomass yields and stem growth for 30 willow
cultivars showed averagey&ar cumulative biomass production across all cultivars was 8.1-drnyen

(OD) Mghat! in the second rotation (ranging from 0.6 to 2D®Mg hat?).!?2 The three highest yielding
cultivars were Taberg, Tully Champion, and Otisco, with annual biomass productiog of 6.4

7.10DMg ha! yeat! an increase by X24% from the first rotation, and are than double the average
for all 30 cultivars (2.DDMg hat* yeat?). High mortality was common among 20 of the 30 cultivars that
had low biomass production.

LandSaga Biogeographical condwetgction and trials of Fwillow hybrids in support of Suainable
Multi-use Coppice (patent pending to LandSaga). One of their selecBalis x rubengs a robust tree
form hybrid willow §. fragilis x S. alpaaturalized in southern Ontario. Thelexctions will be field
tested in Atlantic Canada with licezd grower in the near futuré?

Willow testing has been under way in Quebec atltisitut de recherche en biologie végétale
(Université de Montreal and Botanical Gardsimjce 2005Recentresearchhasaddres®d large areas of
brownfield (> 4 ha) by usindiverseremediationapproaches including the use of willow microcuttings
Testing is under way toetiermine the best performingvillow genotypes for growingn contaminated
and harsh sites (brownfields well aghe capacity to extract or degrade polarits (inorganic and/or
organic) Cultivars being evaluated includ&: nigra'5005; S. albd5044", S. eriocephal&s25; S. discolor
'S365; S. dasyclado$V1; S. viminaliss027; S. miyabean&X61''SX64' and 'SXG®. purpuredFish
Creek’ S. vminalisx S miyabeana¥ C I 0S\ girel@iP L y B.x fra@ilisd { Iy I&zAnadiitiad,
Marie Guittonny-Larchevequeat UQAT isisingwillows for mine waste revegetation in soil layers of low
sulphur wastes of a boreal gold mine in Northwestern Qaedsuittonny-Larchevéque M anBednault
C, 2016).

In New Brunswigkvillow domestication and conservation is being done at Canadian Forest Service (CFS)
in Fredericton'?® Development of selected, superior clones is being darsupport of ecological

sevices such as enhancement of pollinator habitat, riparian restoration, riparian protection, water

quality, soil development, soil surface erosion control, and commercial biomass production on highly
disturbed areas such as former mine sites.

The current €S program started in 2005 with increased activity in 2010. The clonal selection program
includes a base population of approximately 180 genotypes collected from approximately 40 natural
populations located across Ontario, Quebec, and New Brunswick. Eloass have been establishad
approximately 25 field tests associated primarily with former mine sites and blueberry growing
operations. Several clones are selected annually based on these field tests and some of these clones
have ben registered with tle databaseon poplar and willow clonal selections maintained by the Poplar
and Willow Council of Canada.

122 omichev, B. Y., Volk, T. A, Hangs, R. D., Belanger, N., Vujanovic, V., and Van Rees, K. C. J. 2018. Growth, survival,
and yields of 30 shounptation willow cultivars on the Canadian Prairies: 2nd rotation implicetiblew Forestg9

(5): 649665.https://link.springer.com/article/10.1007/s110561896508

123 Hendrickson, CherylPers.Comm.

24 abrecque, Michet Pers. Comm.

125 Mosseler Alex ¢ Pers. Comm.
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SalixEx situ Conservation

In Canadaa@nservation of willow genetic resources is mainly doné\ByGn Saskatchewan. They have

a nationalex situconservation program for selecteflalixspecies native to Canadiher ex situ

collections and resulting common garden trials provide opportunities for a variety population genetic
studies climatic adaptation, longerm phenology responses of provenances atophysiology studies.

In addition, the collectios areproviding foundation stock for basic research and trait assisted breeding.
Thar current research mainly usé&s eriocephalaa native willow as parental stock along with other

native Canadian spi&xs such a$. discoloandS. interiorandalong with introduced species such®s
dasycladosindS. viminalisTraits of interest for willow selection for Canadaludecoppice ability,

height and biomass, growth form (compact, vertical growth), wdoakracterization (cellulose,

hemicellulose, lignin), cold hardiness, salinity tolerance and hyper accumulator of heavy metals on roots.

The AAFC collection is referred to as AgCasalixcollection Agiculture CaradaSaliy collectiont?®
Theprimary purpseof the collectionis tomaintaina genetically representative sample ®f
eriocephalaandS. discologermplasmfrom a wide geographic region for building breeding populations
and forex situconservation. For this reason phenotypic selection durimgm@ismgwasnot important.

The intentwasto sample the geographic range of the species. Within each populatiorinimal

sample size of 15 distinct stoalascollected. This sample simsadequate to capture a high
proportion of the genetic variatiorecognizing that most of the genetic variation residethin
populations and characteriza& provenanceThe collection include33 populations collected alorfiye
North/South transects across the natural rangeSoferiocephalan Canada A common garde
experiment with the 33 populations has beestablishedat Indian HeagSaskatchewan.

Conservation efforts at Canadian Forest Service in Fredericton have inntdiatdiningnative willow
species and clondns situwithin common garden field tests primily in New BrunswickSalixspecies
included in the common garden trials incluBeamygdaloides, S. bebbiana, S. cordata, S. discolor, S.
eriocephala, S. humilis, S. interior and S. nigira

SalixGenomics

Recently ayenetic study from a total of 324 natlly occurringS. eriocephalaccessions frorthe
AgCasalixcollectionwere analysed using 26,030 polymorphisms to reveal patterns of genetic diversity
and population structureThenative Salix eriocephal®ichx.de novogenome assembly is a wairk

progress. The female willow specimen "A@fbmocto" named after the Oromocto River in New

Brunswick, was collected approximately 20 kilometers southeast of Fredericton. The name Oromocto is
thought to have originated from the Maliseet word welamukotuk whiobams "deep water." The

Maliseet, or Wolastoqiyik, are an Algonquigipeaking First Nation of the Wabanaki Confederacy

located in Canada along the Saint John River and its tributaries. The draft genome will be made available
in the fall of 2020. In additigrusing Single Nucleotide Polymorphisms (SNPs) on a subset of 500
AgCanSalix collection, the genetic diversity, and population structure were explored. Simultaneously,

126 sgolanayakanahallfRaju- Pers. Comm.
127 Mosseler Alexc Pers. Comm.
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association mapping for adaptive (bud flush, leaf senescence, leaf rust) and woolceHitose,
hemicellulose, lignin, and migfibril angle) was carried oi®

3. Plant Health, Resilience to Threats and Climate Change

a) BioticFactors

Insects and Disease

Numerousinsects and diseasgm®tentially threaten the success of poplawillow and dher fast growing
treesby reducingproductivity, functionand/or quality of affected trees. Frequently insects and
diseases, together with other biotic and abiotic agents, either Kill trees or prevent them from reaching
their potential growth.Astree culture becomes more intense, increased exchange of breeding and
planting stoclkcanintroducenewinsect pests and pathogens intanada

Twowidely planted ornamental poplars the Canadian Prairie Proving&®wer poplarPopulus
xcanescensand Swedishspen(Populus tremuleErecta), have proved to baighly susceptible to a

now common fungl diseaseknown asbronze leaf Apioplagiostoma popyli?° Thedisease specific to
species and hybrids of aspens, grey and white poplars (Gaougdus sectionPopuus), is incited by the
fungusApioplagiostoma poputhat results in a characteristic bronze to dark brown pigmentation of
infected leaves in late summer and early fall. Branches on affected trees die over a period of several
years, disfiguring trees aralentually leading to mortality of susceptible treésthe Prairie Provinces
this disease was first identified in Manitoba and has beenedevestwardand is now found in all the
Prairie ProvincesThe fastigiate hybrid poplar AC Sundai®ras proven tde resistant to the disease
and is being used as a replacement in urban parks.

Septoria musiv&! has been repeatedly detected in leaf spots and cankers on hiopdilusn nursery
and clonal plantations along the lower Fraser RofeBritish Columbia®? Septoriamusivahas also been
detected and isolated from leaf spots and cankers of native black cottonwRmeli(us trichocarpa
Surveys of over 400 different, young and matBrerichocarparees, have been carried out along the
Fraser River. Additiafly, leaves were sampled from a provenance trial with over 180 familigs of
trichocarpacollected throughout its native range in B.C. and from limited collections in Washington,
Oregon and California. Over 40 families tested positiv&fonusiva These results indicate thas.
musivaunder favourable conditions can infect multiple familiedPotrichocarpdrom western North
America. P. trichocarpas an important riparian species, and the impact tBamusivaould have on its
growth and ecologys currently unknownln British Columbiatem cankersleadto significantstem
breakageand negatively affect hybrid poplar productiviff The negative impacts of the disease have

128 5polanayakanahall\Raju- Pers. Comm.

129Be on the Lookout for Diseased Poplénisps:/homes.winnipegfreepress.com/winnipeakestate-
articles/renovationdesign/Beon-the-lookout-for-diseasedpoplars/id5671(Accessed February 20, 2020)

B0 AC Sundancer cultivar Fawget http://www.poplar.ca/upload/documents/factsheets/asundanceifactsheet
2015.pdf(Accessed February 20, 2020)

B1The recognized scientifically name for flumgusSeptoria musivis Sphaerulina musiva

1327eglen Stefan and Kope, HarrfPers. Comm.

133 7eglen Stefan and Kope, HarrfPers. Comm.
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led British Columbia to restrithe use of and the importation of cloneadwn to besusceptiblego S.
musivainto British Columbig®.

Between 2016 and 2019 massive dieback of trembling aspen was reportedrinrthern half of
Alberta Two factors, extended drought and forest tent caterpi(Melacosoma disstriginfestations,
contributed to the extensive diebackn Alberta the most damaging biotic ageaifectingPopulusvas
the forest tent caterpillar with over 1.3 million hectares of trembling aspen impacaer biotic
damagingvectorsin Albertaduring the reporting pgod include: armillarigArmillaria spp) root disease
(onPopulu$- 13,450 ha; gray willow leaf beetlMicruapteryx salcifoliella(onSaliy ¢ 6,990 ha; large
aspen tortrix(Choristoneura conflictar)don Populu$ ¢ 1,143,983 ha; linden loopéEranns tiliaria) (on
Populu$ ¢ 49,152 ha; serpentine leafminé@Phyllocnistis populiel)Jgon Populu$¢ 9, 130 ha,dn Saliy ¢
1,428 ha; tomentosus root r@tnonotus tomentosygon Populu$ ¢ 234 ha, ¢n Saliy ¢ 23 ha; aspen
twoleaf tier (Enargia decolgrion Populu3 ¢ 146,825 ha; willoweaf blotch miner (Micrurapteryx
salicifoliellg (on Saliy ¢ 349,206 ha®

In Alberta the incidence of insects and disease in 15 different hybrid willow cloassvaluated at
plantations near Calgary and Camrose, AtheCalligrapha verrucos@ species of leaf beetle in the
family Chrysomelidae) was the most seritnsectpest found in the willow plantation’s Other insects
found wereTricholochmaea decor@ray willow leaf beetle)Chryptorhynchus lapattipoplar ard

willow borer),Chinodes mediofuscel(eeaf tiers) Micrurapteryx salicifoliell@willow leaf blotch miner),
Caloptilia stigmatelldleaf rollers), eirphyid mitegrichiosoma triangulurfwillow sawfly) and aphids.
Fortunately natural control agents suek birds, parasitic wasps and carabid beetles were also found in
abundanceThe major disease affecting the willows was Cytospora caMedsd sordidp It typically
infected trees weakened by environmental stress. Severity of damageeatisdto willow clone with
some clones showing excellent resistanidewever, evenwhen insect pests were present willow
growth wasdeemedacceptable. Of the 15 clones planted in these plantations only Preble, Owasco,
Viminalis 5027 and Sx64 were not recommendeddperational plantingbecause of insect or disease
issues.

In Saskatchewan damage surgshiowed defoliaibn overan extensive ara of the trembling aspen in
the provincial crown foresand parkland areas of the province during the 2@04.9 periodt*’ The
suneys showed the followingreaaffected 2016¢ 567,738ha, 2017¢ 650,122ha, 2018¢ 145,643 ha
and 2019 48,875 haThe surveys groupeal hardwood defoliatiorvectorstogether. Ground
verification confirned the causal agenasforesttent caterpillar a large aspen tortrix. Moslamagewas
attributed to forest tent caterpillar. There was ramntrol action in Provincial Fore§the surveys
showedthe defoliation peaked for two years thamaterpillarpopulations declined rapidly to normal
levels. For witlw, an outbreak oMicrurapteryx salicifoliell@willow leaf blotch minef) was observed on
natural willow trees in th@rovincialforest in 2016 but had subsided by 2017.

134 British ColumbiaChief Forester GuidancBCMinistry of Forests, Lands, Natural Resource Operations and
RuralDevelopment

135 Undershultz, Mikeg Pers. Comm.

136 ee S.1., Pohle, G., Myrholm, C., Tomm, B., Ramsfiled, T. and Krygier R. 2019. Effects of insect pests and diseases
in short rotation willow plantations. Presentation to Entomological Societies of Albedé&artchewan, October

3-5, 2019.

B7Mclntosh Roryand PoniatowskiBriang Pers.Comm.
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In Québec there was a significant forest tent caterpillantbreak from 2086 to 2018 in poplar The
outbreak covered 38830 ha at its peak and caused heavy defoliation. No control messugee taken
as brest tent caterpillararely results irtree mortality *® Funguscausing cankeSeptoria musivahas
spread into the nortkeast ofportion Québec, more specifically into the B&aintLaurent regionOver
the past yearsthere has been increasing spreadf Septoria canker in typically Septofiae zonesNo
control measurs are usegrather the goal is talevelop and deploy resistapoplarclones*

In Canada, imported cuttings are used as the propagation material to establish pli¢lotations

Profiling thediseasediversity of willow cuttings is vital for early diagnosis, prevention or control of
exotic diseases. la study at tle University of Saskatchewa8? fungal taxa were isolated and identified
from asymptomatic willow cuttings imported in Canada. The most abundant phylurscasnycota
although someBasidiomycotdAgaricalesaand Tremellaleswere also detected. The modbandant

fungal taxa belonged tblypocrealeswhile the most abundant species belongediabatiellain
Dothideales“°

Researchers at thieaurentian Forestry Centre, Canadian Forest Semigiegersityof British Columbia,
andUniversité Laval, Québatiowedthat biosurveillancecan bea proactive approach that may help
limit the spread of invasive fungal pathogens of trees, such as rustdomgiplars.They used a
bioinformatics approach, based on whole genome comparison, to identify genome regionsehat ar
unique tothe poplar leaf rust fungilelampsora medusaand Melampsora laricpopulina The
procedure @monstrated that the genomeenhanced detection and identification approachuldbe
translated into effective reaime PCR assays to monitor tree fahgathogens:*

At the University of Lethbridgeesearchers studied adification of the poplar defense pathway through
pathogeninduced expression of an amphibian host defense peptidé modulates plant innate

immunity and confers robust and reliablesistance agains$eptoria musivaTher results provide an

insight into development of new technologies for engineering durable disease resistance against major
pathogens of poplat?

In British ColumbigPassive Forest Remediation Services Inc. hasndisaed using the commowest

coast poplaclonesTX[»3-242, DTa& due to susceptibility t&eptoria musivarhey now useoplar
clonesreferredto asNorthern NativeF N2 Y aA (1S /NI azyQa 02ftSOlAz2y
specificallyNN 407, NN 416, NI84 andNN457.Their preliminary testing has shown theseplarclones

to be less susceptible t®eptoriacanker than DTag and TXD5242143

138 Therrien, Pierrg Pers. Comm.

139t NHzR QK 2 Y Y S X PerdiCdrint. £ | dzY S

140 HosseiniNasabnia, Z., Van Rees, K., and Vujanovic, V. 2016. Preventing unwanted spreasivef fungal
species in willowSalix spp.plantations.Canadian Journal of Plant Pathold#fy (3): 325337
https://doi.org/10.1080/07060661.2016.1228697

1Bergeron, MuJ., Feau, N., StewaD., Tanguay, P., and Hamelin, R. C. 2019. Geeoimanced detection and
identification of fungal pathogens responsible for pine and poplar rust diseBte$ On#4 (2): e0210952
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6364900/

2Yyevtushenko, D. P., and Misra, S. 2019. Enhancing disease resistance in poplar through modification of its
natural defense pathwaylant Molecular Biolog$00 (45): 481494
https://link.springer.com/article/10.1007/s1116819-008742

143 Derbowka, David Pers. Comm.
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Major Biotic VectorsReported2016-2019

Genera and Area Affected

Region Vector Common Name Populus | Salix Alnus
British Saperda spp. Poplar borers X
Columbia Septoria musiva Septoria canker X
Alniphagus aspericollis Alder bark beetle X
Malacosoma californicum | Western tent caterpillar X
Liriomyza brassicae Serpentine leaf miner X
Venturia macularis Venturia blight X
Valsa sordida Cytospora canker X
Valsa umbrina Cytospora canker X
Chryptorhynchus lapathi Poplar willow borer X
Alberta Armillaria root disease Armillaria root disease X
Malacosoma disstria Forest tent caterpillar X
Tricholochmaea decora Gray willow leaf beetle X
Choristoneura conflictana | Large aspen tortrix X
Erannis tiliaria Linden looper X
Liriomyza brassicae Serpentine leafminer X X
Inonotus tomentosus Tomentosus root rot X X
Micrurapteryx salicifoliella | Willow leaf miner X X
Calligrapha verrucosa Leaf beetle X
Chryptorhynchus lapathi Poplar and willow borer X
Caloptilia stigmatella Leaf roller X
Trichiosoma triangulum Willow sawfly X
Valsa sordida Cytospora canker X
Saskatchewan | Malacosoma disstria Forest tent caterpillar X
Micrurapteryx salicifoliella | Willow leaf blotch miner X
Calligrapha verrucosa Leaf beetle X
Chryptorhynchus lapathi Poplar and willow borer X
Septoria musiva Septoria canker X
Micrurapteryx salicifoliella | Willow leaf miner X
Quebec Malacosoma disstria Forest tent caterpillar X
Septoria musiva Septoria canker X

Ungulates and Rodents

Herbivory of poplars and willows by ungulates (mainly moose and deer) and rodents (beaveits,and

voles) have been reported in all Canadian provinces and territories. Damage can be severe and impact

aboveground growth and biomass accumulatitff.

Youngpoplars and willowsare especially susceptible to damage by beakingungulates and rdents

during winter. Rabbits frequently clip young shoots during winters of heavy snowfall when other browse
is scarce. Tall grass and other heavy ground cover around trees increase the likelihood of damage by

mice and voles feeding on the bark during wintespecially in years of large populations. Stems are
injured byungulatesrubbing their antlers on them or by gnawing or stripping bark off trees with their
incisor teeth. Secondatipfections offungi often enter trees through wounds caused by animals,
compounding the damage

144 Mosseler Alexc Pers. Comm.
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Control recommendations in all provinces inclgtass controto minimize damage by voleapplying
physical barriers around tree stems to discourage small mammals from fegaihgpplyingepellents
to protect treesby discouramng animals from feeding on themin some cases where ungulate
populations are high and damage likely to ogquotective game fencing is installed.

In Saskatchewartlonal variation in ungulate damage susceptibility was observed in several field trials
with Okanese and Walker poplar. In the trials bark had been stripped off lower stems of all Okanese
trees by moosd€Alces alcésvhereas the Walker trees were left untouchéd.Albertg Okanese poplar
wasalsoclearly favoured over other clones as browsenhoose!*® In Saskatchewaaobservations
indicatedthe poplar clone Tristis was the preferred food chaééeaver Castorcanadensisover other
clones.

b) Abiotic Factors

Abiotic disturbances caproducesymptomsthat resemble those produced by insectsndji, or othe
biotic agents. Careful obseationis needed to distinguisissuescaused by abiotic factors from those
caused by biotic agent©ften abiotic stress is overlookedasausal agent in poplar or willow decline.
The most common abiotic stresseesult from extremes in temperature, water spiy, chemicals (both
in the air and soil), nutrient imbalances, soil compactmrvarious mechanical injuries

In Canadaabiotic stress in poplar and willow are in three broad categories: human actétied (eg.
de-icing salts, herbicides); soils related (eg. nutrient availabdityught, salinity and weather related
(eg.precipitation, snowload, temperature, wind. The most restricting abiotic factors affecting poplar
and willow in Canada are drght, temperature and soil salinity.

The majorabiotic disturbances reported in Saskatchewan during the reporting period were wind
damage, flooding and droughtVind damageavas themost prevalent disturbance ageit natural

stands of trembling aspen in SatchewanBetween 2016 and 2019 over 42,000 ha of aspen forest
were affected Flooded waterbodies restl in tree mortalityof 16,500 ha of trembling aspen between
2016 and 2019High watelevels killed-oot systens andweakered tree stands enabling ¢onization by
wood-boring beetlesDrought stress together withark beetles and woodborersdedo tremblingaspen
declineon an estimated 14,000 ha in Saskatchewan between 2016 and'20h%Alberta the major
abiotic vectors were floodindP?opulus 4,100 ha;Salix- 14,500 ha); drought{opulus; 1,500 ha)and
wind (Populus 6,800 ha)*’

c) Resilience to Threats and Climate Change

It ispossiblepoplar and willowyieldswill be positively impacted by air temperatuiacrease and
negatively by decreasinprecipitation.Higher temperature values might booste growth due to a
prolonged vegetation period, or contrarily, it might hinder tree growth duditgher evapotranspiration
and lower soil water availabilitfdowever, as the extrem@eatherevents ae projected to increasén

their frequency and intensity within thieamework of the anticipated climate changes, the investigation

145 Kamelchuk, Dave Pers. Comm.
146 MciIntosh Roryand PoniatowskiBriang Pers. Gmm.
147 Undershultz, Mike Pers. Comm.
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of the effects of extreme weatharonditions willneedmore prominence in the futurdn the forest
projectionsare that goneer species includingopulus Salixand Alnuswill increase'#®

In view of increasing water stress with a changing climate, époyment of welladapted, water use
efficient, and productivgoplarand willowgenotypeswill be essential for the sustairdlity of both

forests and wood supply for the forest industry, as climate change is increasing water stress around the
world. A study in northern Albertaharacterize key traits among new genotypes of hybrid poplars
(Populusspp.) in water use efficiendWWUE) and evaluatethe adaptive capacitpf the genotypes to

water deficits This study showedybrids betweerPopulushalsamiferaand Populus maximowiczii

species showed a slightly greater adaptive potential togbegraphiarea ofthe study than theother

tested cross type&®

{LINAYy3 0dzRmoNBI | LKSy2ftz23& Aa | ONARGAOFE FRIFLIAGS
suchaspopla ! YRSNBGFIYRAY3 (G4KS Y2t SOdz I NJ dzy RSNLIAYYAYy 3T&
elucidating adaptive evolution and predicting outcomekating to climate changeResearch at the
University of British Columbiause 6t R I yR O2y iNBff SR INRSGIK OKIF Y0oSNJ
LI GGSNYya Ay o0dzRmoNBF | F NEBPopulaskricivoaip@amigpsSTheyo f | O1 02 i
conducteda3 Sy 2YSTMGARS | 2a20AFGA2Y aiddzRé oD2! {0 @gAGK &A
RSNAGSR FNRBY ¢gK2fS 3ISy2YS aSljdzSyOAay3a Tae (Said ¥F2NJ
researchers proposeB 2 | { mA RSy (i A T m&ke de@y@phicalpnatie® MRltdkhdcarpaand

GKF G @ NRI GA 2 yeddifferera seiRatian kBainier chlihg dn&H@ét sum accumulation,

both of which can be affected by climate warmiig).

4. Sustainable Livelihoods, Langse, Production and Bioenergy

Federal and provitial programs and institutions or organizations that, in the past, supported and
encouraged poplar and willow research, and their use on agricultural land, have declined in some areas
of Canada in recent years. This includes, for example, the federaeFSh#lterbelt Program, the

Alberta Woodlot Extension Society, the Saskatchewan Rgré€sintreandthe Woodlot Group of

Manitoba Agriculture. Rather, these activities have become the responsibility of more broadly focused
conservation districts, industryr nonprofit groups, for which funding may come fragovernment and

other sources.

Nevertheless, welkstablished practices, coupled with wadlsted genetic sources, set the stage for
successful new programs being launched.

148Boulanger, Y., Arseneault, D., Boucher, Y., Gauthier, S., Cyr, D., Taylor, A. R., Price, D. T., and Dupuis, S. 2019.
Climate change will affect the ability of forest management to reduce gaps between current aettlpreent

forest composition in southeastern Canadlandscape Ecolo®4 (1): 159174.
https://link.springer.com/article/10.1007/s1098018-0761-6

9 Niemczyk, M., Hu, Y., and ThasnB. R. 2019. Selection of Poplar Genotypes for Adapting to Climate Change.
Forests, Trees and Livelihodds(11).https://doi.org/10.3390/f10111041

B0 0Y28y3sS ! @ 503 Y tKadsibyy SAS anwitansii@diz: B. 2018 Ecoldgkal gebomics of

variation in budbreak phenology and mechanisms of response to climate warmiRguilus trichocarpaNew
Phytologist220 (1): 306816. https://doi.org/10.1111/nph.15273
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a) Nursery Practices

The nursenproduction of selected clones of hybrid poplar and willow in the Canadian prairies was led

by Agricultureand Ag€2 2R / I Yy RF Qa ! ANRPFT2NBAGNE 5S@St2LIVSyi
from 1901 until the program was discontinued by the Governme@ariada in 2013. Under the

program, rooted poplar and willow cuttings were available to farmers, other landowners and

environmental groups for use in shelterbelts and other environmental uses such as riparian protection.

At times, unrooted cuttings were ditbuted, but low rooting and survival rates in the field mitigated

against this.

In the absence of this welihown program, rooted poplars and willows of a suitable clone, price, size
and quality are often difficult to obtain for prairie shelterbeltsusang some conservation districts to
access these materials and other tree/shrub seedlings from Lir@@akes Nurseries, a conservation
nursery in Bismarck, North Dakota, USA

Plantations by unrooted cuttings are successful for certain poplar or willomes, especially under
irrigated or moist conditions. Nurseries supplying stock for such applications need only grow healthy
stooling beds from which shoots are collected annually or biennially to be processed into cuttings or
whips. Several plantatiorestablished by the Swedish Egedal platferequire whips of about 2 m in
length, which are then cut by the machine, during the time of planting, into 20 cm cuttirigsh are
planted directly into the groundA newwillow plantation in Forestburg, Albexrtwill useunrooted short
willow cuttings {0cmbillets) buried horizontally using the Hendriksson HSAB Billet PtathtEne
advantage of this system is that cuttings mateciah be sourced from plantations harvested with the
Hendriksson Billdtlarvestet>.

Nurseries with willow stooling beds that currently produce planting stock for bioenergy or other
plantings are owned by Agiénergie of SRoch de I'Achigan, Québ&tand Double A Vineyards of
Fredonia, New York, USA. Double A Vineyards has becomatdereburce of willow clones that were
RSPSt2LISR 2NJ aSt SOGSR dzy RSNJ (i Kpogréniat Syrécusk, W¥. S NB A G &
AgroEnergie is currently the main supplier of willow cuttings in Canada for phytoremediation or
bioenergy projects ath produces introduced and native clones that have been tested in Québec by the
Institut de Recherche en Biologie Végétale in Montreal. The willow clones being propagated there
include clones from Uppsala, Sweden and from Syracuse, New York. Native pdities areSalix

discolor S. eriocephalaandsS. interior Cuttings are sold as 20 cm dormant cuttings -drrhrods'®’.

Some clones were tested and performed well under prairie conditions and are currently being used in
two major Alberta phytoremediationmjects.

151 incolnOakes Nurseries. Bismarck, North Dakota.
http://lincolnoakes.com/stock/pc/viewcontent.asp?idpage=@cessed January 25, 2020)

152 Egedal Maskinfabrikrorring, Denmark. Energy Planter.
http://www.egedal.dk/produkter/06/002410.html? __locale=gAccessed January 25, 2020)

158 Hendriksson Salix ABslov, SwederdSAB Het Planter http://salixab.se/default.asp?ild=GFLFRcessed
January 25, 2020)

1S4 Krygier, Richard pers. comm.

155 AgroEnergie. SRoch de I'Achigan, Québeéttp://agroenergie.ca/en (Accessed January 25, 2020)

156 Double A Vineyardstedonia, New Yorkttps://doubleavineyards.com(Accessed January 25, 2020)

157 Barbeau, Loui€lementc pers. comm.
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Bionera Resources is a subsidiary of Pacific Regeneration Technologies (PRT) at Campbell River, British
Columbia, that, in partnership with Double A Vineyards and Agrergie, plants and maintains willow

biomass or phytoremediation proje¢l8 PRR& wSR w201 bdzZNESNE G t NAyOS
stooling beds of selected poplar clones for plantation'tis&ome of these clones as well as selected

willow clones were established in stooling beds by Bionera at Campbell Rit#r, BC

Conservation forsters in Ontario are able to access adapted clones of hybrid poplar from the Ferguson
Tree Nursery in Kemptville, Ontario, which provides stock as either unrooted or rooted cuttings
FOO2NRAY3I G2 K S The m@&yedmman phidhtj cimedld@dd S8omithé nursery are
DN-2 and DN74 which are less diseapeone than some of the other clones used in the past. The clone
TN229319 is now also distributed. The nursery also provides a selection of willow cloné4, (BHia,
Hotel, Purpurea) usulgl as unrooted cuttings for environmental proje®fs The Ferguson Nursery
provided rooted poplars for the phytoremediation projects at the Twin Creeks landfill near Watford,
Ontario, as well as at the West Carleton Landfill at Carp, Ontario.

Other Ontarionurseries provide small numbers of poplar and willow materials for conservation uses.

The Grand River Conservation Authority in Cambridge, Ontario, propagates over 60,000 trees, including
balsam poplar and black willow, in its own nursery at Burford, @mtéor use within their region. Extra
seedlings are made available to other conservation authotfiieSomerville Nursery, near Alliston,

Ontario, also supplies seedlings to conservation authotfties

Deciduous seedlings, including poplar and willow ng#j are available in Québec through the
provincial nursery of the Ministére de Foréts, Faune et Parcs (MFFP) at Berthierville, Québec, {46.034,
73.183%%. The MFFP also lists private nurseries that produce forest seedfings

Hybrid poplar selections adagd for use in shelterbelts or other applicationghe Prairie Provinces
(Alberta, Saskatchewan and Manitoba) are available as rooted plugs from Tree Time Services in
Edmonton, Albert#’ and from Prairie Shelterbelt Program in Sundre, Algétt&oplars caalso be

158 Bjonera Resources. CamploRlver, BChttps://www.bionera.com/(Accessed January 25, 2020)

19Van Oosten, Ceespers. comm.

180van Oosten, Ceespers. comm.

161 Ferguson Tree Nurseriemptville, Ontario https://www.fergusontreenursery.ca{Accessed January 25,
2020)

162 patchell, Ed; pers. comm.

183 Grand River Conservation AuthorgBurford Tree Nursery. Burford, Ontario.
https://www.grandriver.ca/en/ourwatershed/BurfordTreeNursery.aspXAccessed January 25, 2020)
164 Somerville NursenAlliston, Ontariohttps://www.somervillenurseries.com/homé@\aessed January 25,
2020)

165 Government of Quebeg La pépiniére de BerthieBerthierville, Quebec.
https://mffp.gouv.qc.cal/forets/semences/semencegpinieresberthierville.jsp(Accessed January 25,
2020)

166 Government of Quebec. Les pépiniéres forestieres privitiss://mffp.gouv.qc.ca/forets/semences/semences
pepinieresprivees.jsp (Accessed January 25, 2020)

87 Tree Time ServiceBImonton, Alberta https://treetimeservices.caandhttps://treetime.ca/ (Accessed
January 25, 2020)

188 Prairie Sheerbelt Program Sundre, Alberta https://prairieshelterbeltprogram.ca/store/contactis
(Accessed January 25, 2020)
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https://mffp.gouv.qc.ca/forets/semences/semences-pepinieres-privees.jsp
https://mffp.gouv.qc.ca/forets/semences/semences-pepinieres-privees.jsp
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Page43of 106

obtained from many private commercial nurseries across Canada, but they are generally larger caliper
stock for landscaping applications.

b) PlantedForests

A substantial area of hybrid poplar plantations have been established in Québec. The pEeydau
report said that 3,100 hectares had been planted in 20025 for a total area of about 12,000 hectares
in the provincé®®, The largest single planter, Domtar Forest Industries, continues to manage hybrid
poplar plantations and expects to meet itsay of having3,000 hectare$5% of their private forest land)
in hybrid poplar by 2020. Domtar began their hybrid poplar plantation program in 1998 and the first
harvest was in 2012

Theplanting of hybrid poplar as a source of wood tgenerallydecreagd in Canada following a several
decades of pilot projects, clonal improvements and clonal testing and programs by government and
industry to explore the use of poplar plantations for pulpwood, OSB, carbon sequestration and
bioenergy.

One of the largestybrid poplar planting programs in western Canada, the Hybrid Poplar Farming
program of AlbertaPacific Forest Products {Rhc) in Boyle, Alberta, discontinued new plantings in 2012
and has since maintained the existing stands. Of these, 75% have perfpoody for various reasons

such agoor soil, disease, poorly performing clones or depredation by insects or mammals. One clone
Okanese poplawas clearly favoured over other clones as browse by moose. The remaining 25% of the
hybrid poplar plantationsvill be harvested within the next ten years and chipped as feedstock for pulp
for the nearby mifi".

Al-Pacalsohas 100 planted hectares of hybrid aspen. Although no new aspen plantings are being
established the existing plots and clonal materials arerfgemonitored for growth, disease resistance
and other selection criterid?.

c) Naturally Regenerated Forest

Trembling aspen and balsam poplar are the main poplar species harvested in Canada and occur naturally
FONR&a /Iyl RIQa&a 02 NX luridard s BifishColuiibidl (A&efign CFAHB Y b Sg T 2
and Section I1¥ Table 2. Wood Removal€Of these, trembling aspen has by far the greatest volume of
harvestable wood. Aspen grows in nearly pure stands or dominates the stands in the southern edge of

the boreal forest and grows in association with softwoods further to the north. Other naturally occurring
poplar species that are harvested in smaller quantities in Canada are black cottorfvdddHocarpa

189 Doornbos, J., Richardson, J, van Oosten, C. 2016. Activities telgtedlar and willow cultivation and

utilization in Canada 2012015. Poplar and Willow Council of Canada Publication.

170 Domtar. Welcome to the forest properties of Domtar (virtual tour of several Domtar hybrid poplar plantings).
https://www.terraspec.ca/VisiteVirtuelle/PeuplierHybride/tour.html(Accessed January 25, 2020)

171 Kamelchuk, Dave pers. comm.

172 Kamelchuk, Davepers. comm.
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in BC, plains and eastern cottonwod? @eltodes in the southern prairies and southern Ontgramd
largetooth aspenR. grandidentatain eastern Canad&.

Aspen forests are harvested by claartting since the species regenerates prolifically from root suckers.
It rapidly regrows from many suckeafter harvest (or other disturbance such as forest fire) and the
suckers sefthin as the stand matures and light becomes the limiting faétor

Red alder is a pioneer species in coastal BC and establishes quickly from seed following harvesting of a
site ard there is no requirement for plantif@. Because it establishes quickly and grows rapidly, its
occurrence has increased dramatically in the past centdoyevermodern practices of replanting

conifers into suitable sites kareduced this somewhat.

d) Agroforestry and Trees Outside Forests

Poplars and willows growing outside of forests in agricultural zones occur naturally in many cases,
growing in riparian zones or other areas not used for agricultng production. Trees planted, either

for their cobenefits with agricultural production or as dedicated plantations, usually include hybrid
poplars (often involving. deltoidess one of the parents and other poplar species sudh.as
balsamiferaP. trichocarpar P. nigra(European cottonwood)). In therfdries Provinces, they or

selected willow clones are often used as windbreaks, usually around farmyards or acreage homes built
near cities (see Sectidh.6.c. Shelterbelts). Other types of tree plantings are established by

conservation groups as wildlihabitat, riparian protection or other environmental purposes.

In the St. Clair Conservation Authority in southeastern Ontario, afforestation designs sometimes include
poplars in a mixture as nurse trees to provide protection for more gjoawing hardwods!’®. To

jdz f AT& dzyRSNJ GKS pn aAfftAz2y ¢NBS t NRPIANIY Ay | ye
must plant a minimum of 500 trees on their |dAdIn many cases, the trgganting is done by the local
conservation authority or a treplantingservice.

There were several poplar plantation establishment programs in the Prairie Provinces in the last two
decades. The Saskatchewan Forestry Centre, which closed in 2009, established almost 60 plantings of
various sizes throughout Saskatchew&nwhilethe Canadian Wood Fibre Cent@anadian Forest

3 Farrar, J. 1995. Trees in Canalidzhenry & Whiteside and the Canadian Forest Service. I5B0¥1199-3
502pp.

174 Doucet, R. 1989. Regeneration silviculture of aspen.The Forestry Chronicle. February £989: 23
https://pubs.cif-ifc.org/doi/pdf/10.5558/tfc650231 (Accessed January 25, 2020)

175 Carlwood Lumber. Maple Ridge, B\that makes red alder lumber so unigdie

https://ww w.carlwood.com/carlwoodipdates/whatmakesred-alder-lumber-sc-unigue/; Oregon State
University¢ Oregon Wood Innovation Center. Corvallis, Oreded Alder (Alnus rubra)
http://owic.oregonstate.edu/redalderalnusrubra (Accessed January 25, 2020)

176 Shaw, Steve pers. comm.

7 Forests Ontario. 50 Million Tree Prograniitps://www.forestsontario.ca/plating/programs/56million-
tree-program/ (Accessed January 25, 2020)

"8 Woodward, Robirm pers. comm.



https://pubs.cif-ifc.org/doi/pdf/10.5558/tfc65023-1
https://www.carlwood.com/carlwood-updates/what-makes-red-alder-lumber-so-unique/
http://owic.oregonstate.edu/red-alder-alnus-rubra
https://www.forestsontario.ca/planting/programs/50-million-tree-program/
https://www.forestsontario.ca/planting/programs/50-million-tree-program/
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Servicealso established a variety of poplar plantations throughout the prairies and in other locations in
Canadaas part of their Forest 2020 prograft

A major research/demonstration planting was develope@r a five year period from 1998 at two sites
near Meadow Lake, Saskatchewan, by Agriculture andFdgd Canada and the University of
Saskatchewan (54.029 Lat -108.751W Longand 53.964N Lat -108.828W Long that occupy almost

80 hectares. Neitheof these sites has, as yet, been harvested but, at the former site, the original 1998
clonal block test of about 7 hectares is expected to be harvested within the next fivé%earother
important research/demonstration site exists at the Saskatchewars@wation Learning Centre

(53.022 N Lat-105.769W Long south of Prince Albert, Saskatchewan, where a North America wide
collection of balsam poplar exists.

Regional special projects continue across Canada. In 2014, awralgyng project on the DgiRiver
First Nation, north of Fort St. John, BC, consisted of hybrid poplars and aspen, intercropped with a
number of native grasses for grass seed produétion

5. Application of New Knowledge, Technologies and Techniques

a) Harvesting of Poplars, Willows @ahOther FasiGrowing Trees

Aspendominated forests are often cleaut and the poplars regenerate naturally from abundant root
suckers. In some cases, it is considered more ecologically appropriate and more profitable to encourage
softwood regeneration imixed stands in which the aspen normally delay the regeneration of softwood
species. In such cases, selective harvesting of mature aspen, while avoiding softwood undergrowth trees
may hasten this proce¥&,

Details about the Anderson WBp & . A 2 GelogedhyPhilippR Sadbie of Agriculture and Agri

Food Canada, were not reported in the 2015 ref8rfThis machine bales willows and other trees and

shrubs. It can cut and bundle a variety of woody materials into stansiaeti round bales. The machine,

developed at Agriculture and Agifiood Canada in Laval, Québec, is now manufactured by Groupe

Anderson of Chesterville, Québec, and is available fot*éale ! OO2 NRAY 3 (2 DNRdzZLIS ! yR

79 Dominy, S.W.J., Gilsenan, R.P., McKenney, D.W., Allen, D.J., Hatton, T., Loven, A., Cary, J., Yemshanov, D. and
Sidders, D.M. 2010. A retrospectiveand @2y a f SI Ny SR FTNRBY bl GdzNI £ wS&az2dz2NDSa
afforestation initiative. For. Chron. 86:3317.

180 Cubbon, Dave pers. comm.

181 Federation of BC Woodlot Associations. 2dig River First Nation Tests Alley Cropping in the P@ape
https://woodlot.bc.ca/atlas/wpcontent/uploads/sites/2/2014/01/DoieRiverENAlleycropping.pdf

(Accessed January 25, 2020)

182 Government of Manitoba 201 Forest Practices Guide.
https://www.gov.mb.ca/sd/forestry/pdf/practices/sup_final june2017.p@ccessed January 25, 2020)

183 savoie, P., D. Current, F. S. Robert,Rnd Héber2012. Harvest of natural shrubs with a

biobaler in various environments in Québec, Ontario and Minneggtalied Engineering in Agricultu?8 (6):
Thpnynmd

184 Groupe AndersorChesterville, Québetittps://grpanderson.com/en/biomasgress/bale
processor/biobaler{Accessed January 25, 2020)



https://woodlot.bc.ca/atlas/wp-content/uploads/sites/2/2014/01/Doig-River-FN-Alleycropping.pdf
https://www.gov.mb.ca/sd/forestry/pdf/practices/sup_final_june2017.pdf
https://grpanderson.com/en/biomass-press/bale-processor/biobaler/
https://grpanderson.com/en/biomass-press/bale-processor/biobaler/
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Pellerin, fewof theseunits havebeen sold in North Americapainly due to a lack of significant willow
energy plantationsThe unithas received greater interest from Europe.

An Anderson W5 Biobalera Claas Jaguar 870 forage harvester fitted with a wood harvesting header
andaJF192 710 silage harvestadapted for singlerow wood harvestingwere tested and
demonstrated in 2016 at the willow phytoremediation plantation at Keoma, Alberta.

Riparian planted willow buffers in Prince Edward Island are harvested gmar 3otation using a
modified sugar cane haegter belonging to Agriculture and Adidod Canada. Only willows outside the
15m setback zone are harvested. The chips are being investigated as a soil additive in potato fields
upslope from the riparian zone as a way of immobilizing nitrogen from thewgmre field which may
otherwise leach into the riparian zone.

b) Utilization of Poplars, Willows and Other Fa&rowing Trees for Wood Products

Trembling aspen is the main poplar used industrially in Canada and grows in association with balsam
poplarand- RI LJGUSR a2F(g622Ra O6ALINHZOS:E LIAYSSES FAND Ay /[yl
for pulp or oriented strandboard (OSB). In Saskatchewan, the Annual Allowable Cut (AAC) of hardwoods
consists of trembling aspen (83%), balsam poplar (11%) and papk (6%).

Partnerships between Agriculture and Aood Canada, forestry companies, the Canadian Forest
Service and universities resulted in pilot projects/programs, in which hybrid poplars of adapted clones
were grown or tested for productivity, whilother test plantations incorporated poplar clones from

other sources, such as the United States, in small or{scgke clonal comparisons.

Past hybrid poplar tre@lanting programs by forest industries produced plantations throughout Canada

¢ notably by Kruger Forest Products (formerly MacMilaloedel) in BC, Alber@acific (APac) Forest

Products in Alberta and Domtar in €hec. The APac poplar plantations in Alberta are being harvested

F2N) dzaS Ay GKS O2YLJI yeé Q3 Wintikhr Integratedl Rager NlilRinQuébecNdille = 5 2
use the wood from its 8,000 hectares of plantations for its pulp feedstock.

c) Utilization of Poplars, Willows and Other Fa&rowing Trees for Bioenergy

The major source of poplar/willow wood for bioenergynthe form of harvest byroducts from the

dzi At AT FGA2Y 2F yFGAGS FALISy FNRY /FylFRIFEQa 02NBI f
that 600 thousand rhof hardwood was used nationally in 2017 for fuelwood and firew&oiany
wood-processingompanies use sawdust, bark and branches to produce power for their mills through
co-generation facilitie®®.

Selected clones of hybrid poplar and willow can be grown in stands that grow quickly and can be used as
dedicated biomass sources for bioenergylloW clonesare especially suitable for bioenergy because

they grow quickly and can be repeatedly copgieevested on 3 year rotations This includes

especially hybrids and selectionsSlix viminalisS. miyabeanaS. purpureaS. eriocephals. dscolor

andS. dasycladosom the State University of New York at Syracuse, New, #¥ondkrom Uppsala,

18 Canadian Council forest Ministers. National Forestry Databastip://nfdp.ccfm.org/en/index.php
(accessed February 24, 2020).
186 Bourgoin, Anthony, pers. comm.


http://nfdp.ccfm.org/en/index.php
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Sweden. Many of these clones have been tested throughout Canada and aseleyetéd to eastern

and central Canada (i.e. the Atlantic Provinces andreoutQuébec and Ontario) as well as the Pacific
coast in BC. A separate program of clonal testing was necessary for the Prairie Provinces, however, to
choose material that would survive the severe winters.

6. Environmental and Ecosystem Services

Poplars andvillows continue to be used for environmental applications. These include
phytoremediation of contaminated soils, disposahudinicipalwastewaterand biosolidsshelterbelt
protection, riparian protection and streambank stabilization.

a) Phytoremediation PPojects and Initiatives

Two largescale willow phytoremediation plantations have been established in Alberta. The first one, at
the time of planting in 2012016,wasthe largestcontiguouswillow plantation in North America (400
hectares at Keoma, Albext used over 6.7 million cuttings. Bionera Inc. of Campbell River, BC, a
subsidiary of PRT Growing Servigesvas involved in planting of the project, which was managed by
Sylvis Environment&f. The objective of the plantation was to provide a site in Whiwunicipal

biosolids from the City of Calgary could be safely and effectively dis{§&sEae clones used in the
plantings were a series of Swedish cloneSalfx viminalisnd S. dasycladoss well as clones selected
or developed by the State Universitf New York (SUNY) at Syracuse dlbnal cuttings were provided
Agro-Energie of SRoch de I'Achigan, Québec, Double A Vineyards of Fredonia, New Yarend ®s
Bionera The management of the plantation includes periodic coppice harvesting, withattvested
material going to a Calgary composférSome of the willow shoots were used by the Calgary Zoo for
feeding giraffe¥. At this site, some of the willow clones have produced up tovién drytonnes/ha
annually.

In 2019, Sylvis and Bionera begatablishing an even larger 500 ha willow plantation at Forestburg,
FfOSNIIFZT Ay | O2Ff YAYS NBOfIYIiAz2y LINR2StOG=Z OI f f
willuse2 3SNJ 7 du YA f A2y “Ppuactialsyiavalves othér Partis,. ER@OR Watar E &

Services Inc. and the Canadian Forest Service. In it, municipal waste solids from the City of Edmonton
provide nutrients, while the biomass will be used as a bioenergy crop. The project is supported by

187 Bionera Resources. Campbell River, Bifps://www.bionera.com/(Accessed January 25, 2020); Labelle,
Martin Pers. Comm.

B8 SYLVIS Environmental Services. Edmonton, Aldts://www.sylvis.com/ourcompany(Accessed
Januay 25, 2020)

189 Alberta Rural Organic Waste Research Network. Grande Prairie, Alberta.
https://www.arowrn.ca/blog/arowrnkeomademonstrationsite-field-tour-2016/ (Accessed January 25,
2020)

190 Krygier, Richard pers. comm.

B1Krygier, Richard pers. comm.

192 Emissions Reduction Alberta. BIOSALIX: Mine Reclamation and Biomass Production
https://www.eralberta.ca/projects/details/biosalknine-reclamatiorand-biomassproduction/
(Accessed January 25, 2020)



https://www.bionera.com/
https://www.sylvis.com/our-company
https://www.arowrn.ca/blog/arowrn-keoma-demonstration-site-field-tour-2016/
https://www.eralberta.ca/projects/details/biosalix-mine-reclamation-and-biomass-production/
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Fdzy RAYy3 FTNRBY (KS D@ Brogidff 20 two progtamRsbPthe
Government of AlbertaAlberta Innovates and Emission Reductions Alberta.

In the two Alberta phytoremediation projectajne different willow clones have been used and are
being evaluated. Planting of thellews until now has been by means of the Egedal Energy Planter,
developed in Denmatk’. At least some of the future plantings will be by means of short (10 cm) billets
horizontally planted in the rows by the HSAB Billet Planter. Past trials have shownlihia reliable
means of willow establishment which reduces the amount of plant material needed to establish the
plantationt®s.,

In BC, several phytoremediation poplar plantings at Vernon and Armstrong continue to be tended and
monitored by Passive Remedit Systems (PRSP At Armstrong, some of the trees originally planted
have been harvested and are-sprouting from the roots, while additional trees were planted in 2017.
Additionally, PRSI has initiated a new project at a new landfill site near Kid@abut a question

currently under discussion is whether hybrid poplar can be used, due to a concern that it may
genetically contaminate the nearby native for&4t

Waste Management Canatf&has incorporated poplar plantations into two landfill sites in®io. At
the Twin Creeks landfill, north of Watford, Ontario, WMC engaged the engineering firm CH2M Hill,
which designed a poplar plantation for the safe disposal of landfill leatfiatdne design was based on
the successful poplar plantations establisHedmunicipal wastewater treatment at Woodburn,
Oregon, USA. The St. Clair Conservation Authority planted the poplars according to the project
specifications, using four poplar clones, of which two (Bllshd DNL54) were judged to be too disease
prone forfurther use, while DR and DN74 performed well. The St. Clair Conservation Authority
continues to replant and maintain poplars at the $ite

At the West Carleton Landfill, WMC established 6.2 hectares of hybrid poplar and expanded the
plantation by 2.thectares in 2014 with proposals to increase the tree plantations by several more
hectares with a combination of poplar and will$ According to Steve Shaw, the Forester of the St.
Clair Conservation Authority, the success of phytoremediation projectspmiplars (or willows) is highly

193 Government of Canada. Clean Growth Prograttps://www.nrcan.gc.ca/climatechange/canadasgreen
future/cleangrowth-programs/20254Accessed January 25, 2020)

194 Bjonera Resources. Campbell River, B@ps://www.bionera.com/howwe-canhelp (Accessed January
25, 2020)

195 Krygier, Richard pers. comm.

1% Derbowka, Dave pers. comm.

197 Derbowka, Dave pers. comm.

198 \Waste Management Canadhattps://www.wm.com/ca/en/mybusinesgAccessed January 25, 2020)
199Waste Management Canad&win Creeks Landfifwatford, Ontario).
http://twincreekslandfill.wm.com/index.jsfgAccessed January 25, 2020)

200 Shaw,Steveg pers. comm.

20lwaste Management Canada. 20Hnal D&O Report Volume-West Carleton EC Landfill Expansid29pp.
http://wcec.wm.com/documents/ousvision/01%26%20Final%20D&0%20Report%20Volume%2041%20
%20West%20Carleton%20EC%20Landfill%20Expansi@teefsed January 25, 2020)



https://www.nrcan.gc.ca/climate-change/canadas-green-future/clean-growth-programs/20254
https://www.nrcan.gc.ca/climate-change/canadas-green-future/clean-growth-programs/20254
https://www.bionera.com/how-we-can-help
https://www.wm.com/ca/en/mybusiness
http://twincreekslandfill.wm.com/index.jsp
http://wcec.wm.com/documents/our-vision/01%20-%20Final%20D&O%20Report%20Volume%201%20-%20West%20Carleton%20EC%20Landfill%20Expansion.pdf
http://wcec.wm.com/documents/our-vision/01%20-%20Final%20D&O%20Report%20Volume%201%20-%20West%20Carleton%20EC%20Landfill%20Expansion.pdf
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dependent on the site (soil, climate, site history, etéhose factorsmust be takerinto account when
planning the clones, spacing, irrigation, weed control and other mainterténce

Willows of seven different speciesvér LJX | YGSR AY Hnny & F O02YY2y 3 NF
Harbour coal mine near Minto, New Brunswick, and are currently being monitored and assessed for
performanceg for growth as well as survival and disease incidéice

b) Riparian and Streambank Prot¢ion

Protection of watercourses and riparian areas is supported by provincial jurisdictions throughout the
country as well as by the Government of Canada. In Ontario, the Upper Thames River Conservation
Authority and other regional conservation authoetiuse local native sandbar willow cuttings in
bioengineering projects to stabilize eroded streambanks, but do not plarnatine willows or poplars
into these areas.

TheProvince of Ontarity*and conservation authorities and other organizatispport sich activities
They have usedillows for thispurpose throughout the agricultural area of Ontaftw many yearg®
Nationally, the Canadian Wildlife Federafithpromotes the use of native shrub willows for
bioengineered protection of degraded streambanks

In Québec the Eastern Townships Forest Research Twitht funding from the Federal Government
Agriculture Greenhouse Gas Program is studyindgdbmrsaffecting carbon andexcessutrient

capture inhybrid poplarriparian buffers and other agroforastsystem&”. In another Qébec study
researchergjuantified different ecosystem services (C, N and P storage, wood or biomass production,
energy production potential, and indirect conservation opportunities) that could be provided by
relatively narrow hyhid poplar riparian buffers implemented along deforested farm streams of
watersheds with contrasted agricultural land &8e

In Prince Edwartsland the East Prince AgEnvironment Association is studying the beneficial

environmental effects of planting ilow trees alongiverbanks?®® This island wide project has willow

riparian buffers planted on 12 sites. Buffers range from 0.5 to 1.0 hectare in size. Fedivaroject,

funded by Agricultureand Ag8i2 2 R/ I Yy I RIF Qa | 3 NRA Odzt (i stedfiin 20LRE Sy K 2 dz& !

202Shaw, Stevepers. comm.

203 Mosseler, A., and Major, J. E. 2017yt®remediationefficacy of Salix discolor and S. eriocepheladjacent

acidic chy andshaleoverburden on gormer mine site: growth, soil, andfoliagetraits. Forests, Trees and

Livelihoods 8 (12).

204 Government of OntarioLand Owner Resource Centfestoring shorelines with willows. 4pp.
http://www.lrconline.com/Extension Notes English/pdf/willows.p@ccessed January 25, 2020)

205Heaton, M.G., Grillmayer, R., Imhof, HG1 nH ® hy il NA2Qa {GNBFY wWSKIFIOATAGEGAZ2Y
https://www.ontariostreams.on.ca/PDF/Ontario%20Streams%20Rehabilitation%20Manu@qeetsed
January 25, @20)

206 Canadian Wildlife FederatioRlant Easyo-grow Willows http://cwf -fcf.org/en/resources/DIY/habitat
projects/mapyour-backyard/pant-easyto-grow-willows.html(Accessed January 25, 2020)

297 Truax, Benoit, Pers. Comm.

208 Fortier, J., Truax, B., Gagnon, D., and F. Lambert. 2016. Potential for Hybrid Poplar Riparian Buffers to Provide
Ecosystem Services in Three Watersheds with CstitigaAgricultural Land UsEorests, Trees and Livelihoads

(2). https://doi.org/10.3390/f702003 {Accessed February 27, 2020)

209 McKenna, Andreg Pers. Comm.



http://www.lrconline.com/Extension_Notes_English/pdf/willows.pdf
https://www.ontariostreams.on.ca/PDF/Ontario%20Streams%20Rehabilitation%20Manual.pdf
http://cwf-fcf.org/en/resources/DIY/habitat-projects/map-your-backyard/plant-easy-to-grow-willows.html
http://cwf-fcf.org/en/resources/DIY/habitat-projects/map-your-backyard/plant-easy-to-grow-willows.html
https://doi.org/10.3390/f7020037
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Previous Agriculture and Agfood Canada research has shown that willows are an excellent choice for

riparian buffers. The project goals are to demonstrate the effectiveness of willow riparian buffers to

store carbon, thus mitigating geehouse gases while protecting streams and rivers from nutrient

loading. These willow buffers consist of four rowSefix viminali¥p nH T Q LI I YGSR 0SG6SSy
agricultural field and water body. Willow cuttings are spring planted in parallel single t@spacing

of 0.5 m inrow and 2.5 m betweemow. To maximize nutrient uptake the trees are harvested on a

three-year rotation using a modified sugar beet harvester. The wood chips generated are being used to
determine if the addition of willow woodchigsllowing potato harvest reduces soil nitrate

concentrations and nitrate leaching by immobilizing free nitrogfén.

c) Shelterbelts

2 ARSALINBIR LI FYyGAy3a 2F FRFLWGSR LRLIFN YR gAff25
Prairie Provinces (Albert&askatchewan and Manitoba) continued for many years prior to the 2013

Ot 2adzNB 2F GKS D2@SNYyYSyid 2F /FyFRIQ&a ! ANRBF2NBalG N
Saskatchewan. In the Bfear period from 1963 to 20136 millionhybrid poplars of various clones@

18 millionwillows (primarily clonsof S. acutifolisandS. albavar. sericeqwere planted and most of

these trees are presumed to be still in place.

Demand by prairie landowners for poplars and willows for shelterbelts has decreased, possibly because
of the increased cost of tree material or the greater difficulty of obtaining trees since the

discontinuation of the federal program. Another factor may be the decline in the number of farmyards
on the agricultural landscape as farms have become signilfjciarger in recent decadés. Large farms
combined withhigh capacityprecisionguided tractors and combines have also caused the clearing of
field shelterbelts as well as native aspen and willow stands, such as those bordering on wetlands and
depressios.

Poplar shelterbelts are, however, frequently planted around suburban acreages outside of prairie cities,
where new homes are built on unprotected prairies and developers or new homeowners desire rapid
shelter and greenery around their properties. Focls shelterbelts, male clones are preferred since
female clones, when mature, shed voluminous cottony seeds annually, which are annoying and
inconvenient for a short period in the summer. For this reason, the preferred clones are Oka@ese,
Sundancer an®rairie Sky.

Willows have been planted for roadside shelterbelts (living snow fences) near La Pocatiére,28uebec
where strong northerly winds, combined with heavy snow loads south of the St. Lawrence River,
frequently block or create blizzard conditionlsiag the highways and rural roads. Thedantingsreflect

work done with willow development and utilization south of the border at Syracuse, New¥ork

Roadside shelterbelts were also established along the T€amada Highway in Manitoba in the 1990s
incorporating the hybrid poplar clones Prairie Sky and Assiniboine. These poplars have declined in recent

210Murray, Brian Jg Pers.Comm.

211 English, Blaig pers. comm.

212\/gzina, Andé - pers. comm.

213 State University of New YorWillow Living Snow Fencddtps://www.esf.edu/willow/Isf/ (Accessed
January 25, 2020)
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years due mainly to weed competition and drougjfitLiving snow fences have been used elsewhere in
Canada, such as along the heavily travelled 401 Highetyeen Toronto and Windsor, but those
shelterbelts typically consist of conifers such as Norway spruce rather than poplars or willows and also
incorporate slowergrowing hardwoods.

Poplars and willows are generally not used in field shelterbelts bec#itbe concern that they are

shorter lived tharother slower growing species and, where tile drainage is practiced, there is a concern
by landowners about poplar roots clogging the drains. However, a-nowitifield shelterbelt of Scots

pine (for greaterdngevity) and poplar (for rapid early protection) was reported from Manitstand,

in southern BC, a successful thieav poplar shelterbelt was reportetf.

In the St. Clair and the Grand Ri@anservation Authority regi@of southwestern Ontario, poplaere
avoided in shelterbelts because much of the soil is clay and the fields adedifeed. Landowners fear
that poplar roots will invade the draifid 228,

d) Carbon Sink

Tree dry weight (cellulose, heroéllulose, lignin, etc.) consists of nearly 50% caidmhso the use of
fastgrowing poplar and willow has received attention as a way to accumulate carperhaps, like
bioenergy plantationsthe planting of popalrs and willows is a meanstmtribute to the carbon
SO02y2Ye | yR (2 NeRumBSgasGHFdmRdionsa y S i

Prime Minister Justin Trudeau highlighted the value of {pénting for sequestering carbon in a
September, 2019, meeting with activist Greta Thunberg, when he promised that Canada would plant 2
billion trees by 2038°. Detailsof a program(s) to make this happen have not been finalized, but it is
supposed that there wiboonbe federal government fundg/support for tree plantingcross the

country.

There have been studies and assessments to quantify and evaluate the carbetrobfioplar or willow
plantingg?®. Whether or not programs or markets develop that compensate landowners for the carbon
in their plantations, it is clear that the amount of carbon fixah besubstantial. As a lontgrm

practice, however, there will béhe important question as to what happens to the carbon in the trees at

214 English, Blairpers. comm

215 Canart, Ryan pers. comm.

216 Derbowka, Davepers. comm.

217Shaw, Stevepers. comm.

218 Grand River Forestry Fact Sheet. Trees & Field Drainage Tiles.
https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&28&ved=2ahUKEwjGxL2v59boAhUJgZ4KHZ
40A2YQFjAZeqQIAXAB&url=https%3A%2F%2Fwww.grandriver.ca%2Fen%2Four
watershed%2Fresources%2FDocuments%2FTree fact sheets%2Trees factsheets drainage.pdf&usg=AOvVaw?2
7a3UJ7mpulm4wzo8no@Accessed April 6, 2020)

219 Kuitenbrowver, Peter, 2019. Planting two billion trees in Canada will be a tall qr@gred article: Special to

the Globe and Mail. Publ. Nov. 29, 2019.

220 onderson, J.A., Long, A., and Luckert M.K. 2015. A financial analysis of establishing poplar plantatidsnfor
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=26&ved=2ahUKEwjGxL2v59boAhUJqZ4KHZ4oA2YQFjAZegQIAxAB&url=https%3A%2F%2Fwww.grandriver.ca%2Fen%2Four-watershed%2Fresources%2FDocuments%2FTree_fact_sheets%252Trees_factsheets_drainage.pdf&usg=AOvVaw2-7aJ-UJ7mpuLm4wzo8noq
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=26&ved=2ahUKEwjGxL2v59boAhUJqZ4KHZ4oA2YQFjAZegQIAxAB&url=https%3A%2F%2Fwww.grandriver.ca%2Fen%2Four-watershed%2Fresources%2FDocuments%2FTree_fact_sheets%252Trees_factsheets_drainage.pdf&usg=AOvVaw2-7aJ-UJ7mpuLm4wzo8noq
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the end of their rotation (harvest for pulp, bioenergy, biochar, etc.). As for other candodurction ideas,
full Life Cycle Analyses are needed for {pd&nting schemes.

The Federal driculture and AgrFood Canada department have funded projects thiltcreate
technologies, practices and processes that can be adopted by farmers to mitigate GHG effisSivas
of these projects focus on agroforestry practices that utilize poplarvetow in the system.

e) Other Environmental Applications

Willows are an important source of early pollen for native bees that are effective in pollinating managed
fields of lowbush blueberried/&ccinium angustifoliujnn the Canadian Atlantic provincese{M

Brunswick, Prince Edward Island, Newfoundland and Labrador). Lowbush blueberry is a native species
that requires insect pollination for fruit set. Plantings of selected d#olyering willows have been
incorporated into commercial blueberry harvestiogerations to increase the abundance of native
pollinatorg?2,

Some wood from hybrid poplar plantations near Armstrong, BC, is currently being used for small
amounts of bioch&. In the opinion of Dave Derbowka of Passive Remediation Systems, there is scope
for the development of major markets and applications of biochar in the future.

221 Agricultural Greenhouse Gases Prograttp://www.agr.gc.ca/eng/agriculturaprogramsand
services/agriculturabreenhousegasesprogram/approvedprojects/?id=150842388326(Accessed Feb. 27, 2020)
222 Government of New BrunswvkcPollination of Wild Blueberries
https://www2.gnb.ca/content/gnb/en/departments/10/agriculture/content/crops/wild_blueberries/pol
lination.html (Accessed February 25, 2020)

223 Derbowka, Dave pers. comm.
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http://www.agr.gc.ca/eng/agricultural-programs-and-services/agricultural-greenhouse-gases-program/approved-projects/?id=1508423883267
https://www2.gnb.ca/content/gnb/en/departments/10/agriculture/content/crops/wild_blueberries/pollination.html
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. General Information

1. Administration and Operation of the Poplar and Willow Council of Canada

a) Composition and Governance of the Counci

The Poplar and Willow Council of @da(PWCChas an elected Board of Directors which provides
overall direction and an Executive Committee that is responsible for coordinating diay
activities. Working Groups and committees are established to address specific topics or i$hees.
Poplar and Willow Council Secretariabased in EdmontorAlberta. The Council is a federally
incorporated na-for-profit organization. The current address for the Council is:

Poplar and Willow Council of Canada,
c/o Canadian Forest Service,

5320- 122nd Street,

Edmonton, AlbertaCanadd 6H 3S5

Phone: 18255101179
Fax: 18255101342
Email:poplar@poplar.ca

Web:www.poplar.ca

ThePWCGecretariatcoordinates member seices maintains a library with poplar and willow
references, responds to member and public requests for technical information and administers Poplar
and Willow Council communication, finances and administrafiére ©@uncil employs a paitime

Executive Asistant (Deborah Brenton) and pdine Technical Director (Jim Richardson).

The membership of the Council represgatcrosssection of individuals and corporations who are
interested in the development and utilization of poplar and willow resourcesinad@a.The Council
offers both individual and corporate memberships. Membership is open to all those who support the
wise use and management of the poplar resource for all Canadtamporate membersan designate a
number of employees as affiliate memisefAs of the August 2019 Annual General Meeting Council
membership wasive corporate members with 19 affiliate®0 ndividual membersnd oneassociate
member.

ThePWCQas three distinct working groups addressing specific issues and challenges viéhgrap

willow management.The current working groups are genetics and breeding, pesticides and

environmental service and bioenergyheGenetics and Breeding Working Grdwgdps coordinate

poplar genetics and breeding work across the countrynaintans the Council'poplar and willow

clone directory The committee also developed a series of ten factsheets describing the main hybrid

poplar used clones used in western Canada. The Pesticide Working Group supports work to expand the
number of approved agA Odzf ( dzNJ f LIS & (-rotatibrRriteasivdCdi] (1ddaNS QA yo { WhaLK 20NJIL
willow crops and acts as sponsor of these requests for approvaEfvieonmental Services and

Bioenergy Working Grougims to improve the acceptance of the use of popland willows for


mailto:poplar@poplar.ca
http://www.poplar.ca/

environmental services, in order to make such services an accredited and proven technology seen by
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regulators and engineers as a reliable alternative to business as usual.

Board of Directors and Executive Committee of Poplar and Wiltlamdl of Canada (January 2020)

Name Role Organization Province Execu_t|ve
Committee
Raju Director, Chair | Agriculture and AgiFood | Saskatchewan Yes
Soolanayakanahally Canada
Barb Thomas Director,Past University of Alberta Alberta Yes
Chair
Bill Schroedr Director,Vice GreenTree Agroforestry | Saskatchewan Yes
Chair- West Solutions
Annie DesRochers | Director,Vice Universie du Québec en | Québec Yes
Chair- East Abitibi-Temiscamingue
John Doornbos Treasurer No Affiliation Alberta Yes
Pierre Perinet Director, No Affiliation Québec
Genetics and
Breeding
Working Group
Chair
Richard Krygier Director, Canadian Forest Service| Alberta
Pesticide
Working Group
Chair
Martin Labelle Directa, Bionera British Columbia|
Environmental
Services and
Bioenergy
Working Group
Chair
Nathalie Isabel Director at Large | Canadian Forest Service | Québec
Shathi Akhter Director at Large | Agriculture and AgiiFood | Saskatchewan
Canada
Andrej Pilipovic Director at Large | Institute of Lowland Serbia
Forestry and Environmen
JimRichardson Director at Large | No Affiliation Ontario Yes
Deb Brenton* Executive Poplar and Willow Counc| Alberta Yes*
Assistant

*Ex-Officio




Pageb5of 106

b) Poplar and Willow Council of Canada Activities

The Councibrganizes an Annual General Meeting which inclueéehnical and field sessionBae
meetings provide opportunityo network with other professionals and gain information on current
poplar and willow trends. Annual meetings are held in different locations offering exposure to poplar
and willow activities aoss the country

The 2016 meeting was held in RegiBaskatchewarrém July 19th to 20thThe twaday meeting was
hosted by Agriculture and Agffiood Canada (AAEChere were 12 participants from six Canadian
ProvincesAmong the participants were th2016 winners of the PW@aniversity of British Columbia
Student Travel Awardd he two day meeting was a combination of technical presentations and a field
tour.

In 2016 the PWCC 'Poplar Gold Leafvardwasestablished Ths award waspresented toBill Schroeder
of Agriculture and Agfifood Canadan 2016 andn 2019to Pierre Périnet of the Ministére des Foréts,
de la Faune et des Parcs of Quélgoth were recognized fdifetime contributions to poplar and
willow breedingin Canada.

The 2017 meeting &s held in Edmonton Alberta in conjunction with thith North American Forest
Ecology Workshaprhe Council held innual business meeting during thrkshopto receive
administrative, financial and technical reports, review progrEfsSouncil activies. The meeting
included a field trigo view poplar genetics and management on the Forest Management Agreement
area of AlbertaPacific Forest Industries Inc. {24c) at BoyleAlberta.

The 2018 meeting was held in Rhineland#&isconsinUSAin conjundion with the International Short
Rotation Woody Crops ConferenddhePWC@onducted itsannual business meetingvhere reports of
activities for the past year were received and discussed, financial reports and budgets were reviewed
and approvedAt thismeetingmembership of the Board of Directors was reviewed and updated, and
future activitiesof the Council discusseBollowing theannual meetingarticipantsparticipated ina
three-day field tour of phytoremediation trials with poplars and willows a@stern Wisconsin.

The 201%nnual meetingvas heldin conjunction with the @nadian Forest Genetics Association
Conferencan Quebec CityReports for the past yedrom the Chair, Technical Director, Executive
Assistant and the Pesticide Working Growpre received and adopted and the financial report and
201920 budget acceptedPresent Board members were approved to continue in office for the coming
year.

ThePoplar and Willow Council of Canadawsletterwas discontinued in 2017 with the last isdad,
2016. Submissions for the newsletter had declined and a decision made to focus on keeping the website
up to date with relevant reports, news items and upcoming events.

The Poplar and Willow Coungikbsitecan be found atvww.poplar.ca?* Here membes and visitors
can find information on membership, council governardagabase of poplar and willow clones in
Canadagrowef@ corner, publications, statistics, news amgtoming eventsAlso available armeeting
notices, photo gallery, special publicms and reportsand links to relevant poplar and willow websites

224poplar and Willow Council of Canada webditép://www.poplar.ca
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nationally and internationallyThe PWCC website provides an avenue for submission of poplar and
willow enquiries. €chnicalgquestions are answered by the technical director or a PWCC membe

A major initiative completed in 2019 was the update and revision of the interactive, searchable directory
of poplar and willow clones in Canadde database currently includes a total of 26,419 records,
organized in Microsoft AccesBhe directory isvailable for searching and viewing online at
http://www.poplar.ca/clone-directory. Downloading of the database is availabld?/CC members

only.

c) Difficulties and Lessons Learned

As with most volunteeorganizatiors, maintaining or growing membership is a struggle. PNeCGs no
different. As of 2019membership includes fiveorporate (including 19 affiliates), 20 individaald one
associatanember. This is down from ght corporate membersvith 35 dfiliates, 28 individual and

three associate memberi;m 2016 MaintainingCouncilrelevance to the memberis a constant

challenge for a small organization. Encouraging student members by offering reduced membership fees
and travel assistance to attend m@igngs and conference have been tried, however was only marginally
successful. Communication with members is critical to the health of any organization. To ths end
newsflashwas implemented as thprimary means of communicating with members and alerthrgm

to new information on the website.

Expanding the Council mandatecomplement the reform of IPC including other fagbwing tree
specieswithin the scope of the Council will be difficulEanada does not havke diversity offast-

growing speciefike countrieswith more temperate or tropical climatesyHrid larchandalderare
possible additions but these are not priority species in Canada

ThePWCas consideregbining other North American poplar and willow group$is opportunity has
been eplored to the extent joint meetings between the PWCC and United States poplar and willow
groups have occurred. Other options such as joining larger organizations as a sub group or committee
could reduce the independence and autonomy of M&CCThe Couritcontinues to explore these

options striving for a sustainable organization that progidalue and relevancy to its membershguch

as building dink with the Reseau de Ligniculture et Reboisement au Québec


http://www.poplar.ca/clone-directory
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2. Relevant Literature

Research in popland willow (and red alder in BC) continues despite changes in programming or
uptake in the various provinces. Federal government researchers in Natural Resources Canada
(Canadian Forest Service) and Agriculture andiAayd Canada as well as univerdigsed and other
researchers across the country continue to study poplar and willow genetics, basic biology, ecological
function, uses for bioenergy and phytoremediation, etc. Developments of planting designs, planting
methods, agronomy and harvesting and arse technologies are also continuigtotal of 421 papers

and technical reportare listed below thatvere publishedy Canadian researchers and practitioniers

the period 20162019

Abassi, M., Lamhamedi, M. S., Hachani, C., and Z. Bejaoui. 2018oMbysiological evaluation of
three Salixclones from semarid zones subjected to excess zinc under hydroponic condititarsadian
Journal of Forest Resear (5): 5996009.

Abassi, M., Lamhamedi, M. S., Hachani, C., and Z. Bejaoui. 2019. Interspéatfility and morpho
physiological responses to salinity@dlixmain Mediterranean specie€anadian Journal of Forest
Researci9 (6): 606515.

Adonsou, K. E., DesRochers, A., and F. Tremblay. 2016. Physiological integration of connected balsam
poplar ramets.Tree Physiolog$6 (7): 797306.

Adonsou, K. E., DesRochers, A., Tremblay, F., Thomas, B. R., and N. Isabel. 2016. The clonal root system
of balsam poplar in upland sites of Quebec and Albé&ttalogy and Evolutich (19): 68466854,

Adonsay, K. E., Drobyshev, I., DesRochers, A., and F. Tremblay. 2016. Root connections affect radial
growth of balsam poplar treeJrees Structure and FunctioBO (5): 1775L783.

Akobi, C., Yeo, H., Hafez, H., and G. Nakhla. 2016 -Simggeand twestageanaerobic digestion of
extruded lignocellulosic biomasapplied Energ$84: 548559.

Alber, A. V., Renault, H., Baslliopes, A., Bassard;/H., Liu, Z., Ullmann, P., Lesot, A., Bihel, F., Schmitt,
M., WerckReichhart, D., and J. Ehlting. 2019. &ah of coumaroyl conjugate-Bydroxylases in land
plants: lignin biosynthesis and defen3dwe Plant Journ&9 (5): 924936.

Alhammad, A., Adewale, P., and M. Kuttiraja. 2018. Enhancing eraget: production of fermentable
sugars from poplar pulp ithe presence of notionic surfactantsBioprocess and Biosystems Engineering
41 (8): 11331142.

AlmeidaRodriguez, A. M., Gomes, M. P., Loudb¢utlon, A., Joly, S., and M. Labrecque. 2016. Symbiotic
association betweealix purpured. andRhizophagustiegularis modulation of plant responses under
copper stressTree Physiology6 (4): 407420.
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Amadi, C. C., Farrell, R. E., and K. C. J Van Rees. 2017. Greenhouse gas emissions along-a shelterbelt
cropped field transectAgriculture, Ecosystems & Envinoent241: 110120.

Amadi, C. C., Van Rees, K. C. J., and R. E. Farrell. 2017. Greenhouse gas mitigation potential of
shelterbelts: Estimating farmacale emission reductions using the Holos mo@ahadian Journal of Soll
Scienc®7 (3): 353367.

Amichey B. Y., Bentham, M. J., Kulshreshtha, S. N., Laroque, C. P., Piwowar, J. M., and K. C. J. Van Rees.
2017. Carbon sequestration and growth of six common tree and shrub shelterbelts in Saskatchewan,
CanadaCanadian Journal of Soil Scie@@g3): 368381.

Amichev, B. Y., and K. C. J. Van Rees. 2018. Early nitrogen fertilization effects on 13 years of growth of 4
hybrid poplars in Saskatchewan, Candelarest Ecology and Managemefit9: 110122,

Amichev, B. Y., Volk, T. A, Hangs, R. D., Belanger,adowcj V., and K. C. J. Van Rees. 2018. Growth,
survival, and yields of 30 shexttation willow cultivars on the Canadian Prairies: 2nd rotation
implications.New Forestd9 (5): 649%65.

Anderson, J., Prescott, C. E., and S. J. Grayston. 2019. @rgdarcaccumulation in reclaimed soils
under spruce, poplar and grass in the Alberta Oil Savels. Forests0 (2): 307322.

AngersBlondin, S., MyerSmith, I. H., and S. Boudreau. 2018. RPant interactions could limit
recruitment and range expangiaf tall shrubs into alpine and Arctic tundiolar Biology1 (11):
2211-2219.

Aohara, T., Furukawa, J., Miura, K., Tsuda, S., Poisson, J. S., Ben, R. N., Wilson, P. W., and S. Satoh. 2019.
Presence of a basic secretory protein in xylem sap and sbépisplar in winter and its physicochemical
activities against winter environmental conditiodaurnal of Plant ReseartB2 (5): 65565.

Arshad, M., K. Biswas, S. Bisgrove, W. R. Schroeder, B. R. Thomas, S. D. Mansfield, J. Mattsson, and A.
Plant. 2019 Differences in drought resistance in nine North American hybrid pofleess- Structure
and Functior83 (4): 11111128.

Ashiq, M. W., Bazrgar, A. B, Fei, H., Coleman, B., Vessey, K., Gordon, A., Sidders, D., Keddy, T., and N.
Thevathasan. 2018. A trient-based sustainability assessment of purpgsewn poplar and

switchgrass biomass production systems established on marginal lands in Gaaaddian Journal of

Plant Scienc@8 (2): 255266.

Attanayake, A. U., D. Xu, X. Guo, and E. G. Lamb. 2di8etm sand dune spatitemporal dynamics
and endemic plant habitat extent in the Athabasca sand dunes of northern Saskatclitsvaote
Sensing in Ecology and Conservafiqm): 7686.
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BaahAcheamfour, M., Bourque, C-R., Meng, FR., and D. E. Swi2017. Incorporating interspecific
competition into specieslistribution mapping by upward scaling of srredhle model projections to the
landscapePloS Oné2 (2): e0171487.

Babi, K., Guittonny, M., Larocque, G. R., and B. Bussiere. 2019. Efépetsiog and herbaceous
hydroseeding on water stress exposure and root development of poplars planted-cogeiked waste
rock slopesEcoscienc26 (2): 149163.

Bao, M., Huang, X., Jiang, M., Li, N, Yu, Y., and W. Yu. 2018. Study on the changes in surf
characteristics oPopulus tomentosdue to thermoehydro-processJournal of Wood Scienéd (3): 264
278.

Bao, M., Huang, X., Jiang, M., Yu, W., and Y. Yu. 2017. Effect of-thehrmanechanical densification
on microstructure and properties of pa wood Populus tomentosaJournal of Wood Scien68 (6):
591-605.

Bao, M., Huang, X., Zhang, Y., Yu, W., and Y. Yu. 2016. Effect of density on the hygroscopicity and surface
characteristics of hybrid poplar comprelpurnal of Wood Sciené@ (5): 441451.

Barbeau, C. D., Wilton, M. J., Oelbermann, M., Karagatzides, J. D., and L. J. S. Tsuiji. 2018. Local food
production in a subarctic Indigenous community: the use of willBaligspp.) windbreaks to increase

the yield of intercropped potatoessplanun tuberosum and bush bean$haseolus vulganis

International Journal of Agricultural Sustainabili®y(1): 29-39.

Barbour, M. A., Erlandson, S., and K. Peay. 2019. Trait plasticity is more important than genetic variation
in determining species richse of associated communitieBhe Journal of Ecolog@7 (1): 356360.

Barrio, I. C., Bueno, C. G., and D. S. Hik. 2016. Warming the tundra: reciprocal responses of invertebrate
herbivores and plant€ikos125 (1): 2e28.

Beamish, A. L., Nijland, W. viEatds, M., Coops, N. C., and G. H. R. Henry. 2016. Phenology and
vegetation change measurements from true colour digital photography in high Arctic tukidtic
Science (2): 3349.

Beauchamp, S., Jerbi, A., and C. Frerdetissault. 2018. Does the gim of cuttings influence yield and
phytoextraction potential of willow in a contaminated sdd@ological Engineeririgl1: 125133.

BeaudoinNadeau, M., Gagné, A., Bissonnette, C., Bélangé., Portin, J. A., Roy, S., Greer, C. W., and
D. P. Khasa026. Performance of ectomycorrhizal alders exposed to specific Canadian oil sands tailing
stressors under in vivo bipartite symbiotic conditio@gnadian Journal of Microbiolog® (7): 543549.
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Bejaoui, Z., Mguis, K., Abassi, M., Albouchi, A., and Mnghamedi. 2016. Involvement of
Carbohydrates in Response to Preconditioning Flooding in Two CloRepulfis deltoidelslarsh. xP.
nigraL.Journal of Plant Growth Regulati8b (2): 492503.

Bélanger, A., Grenier, A., Simard, F., Gendreau, |., Ricliettl egault, J., and R. Pouliot. 2019.
Dihydrochalcone Derivatives froRopulus balsamiferh. Buds for the Treatment of Psoriasis.
International Journal of Molecular Scien@dg1).

Benlsrael, M., Wanner, P., Aravena, R., Parker, B. L., Haacki4a0AD. T., and K. E. Dunfield. 2019.
Toluene biodegradation in the vadose zone of a poplar phytoremediation system identified using
metagenomics and toluengpecific stable carbon isotope analysigernational Journal of
Phytoremediatior21 (1): 6669.

Benomar, L., Moutaoufik, M. T., Elferjani, R., Isabel, N., DesRochers, A., El Guellab, A., Khlifa, R., and L. A.
Idrissi Hassania. 2019. Thermal acclimation of photosynthetic activity and RuBisCO content in two hybrid
poplar clonesPLoS On&4 (2): e@06021.

Bergeron, MJ., Feau, N., Stewart, D., Tanguay, P., and R. C. Hamelin. 2019. @ahaneed
detection and identification of fungal pathogens responsible for pine and poplar rust disPasxs One
14 (2): e0210952.

Bhalla, A., Bansal, N., Pahi#, S., Li, M., Shen, W., Particka, C. A., Karlen, S. D., Phongpreecha, T.,
Semaan, R. R., Gonzalégil, E., Ralph, J., Mansfield, S. D., DiAg,, $lodge, D. B., and E. L. Hegg. 2018.
Engineered Lignin in Poplar Biomass FacilitateSaialyzed Alkme-Oxidative PretreatmentAcs
Sustainable Chemistry & Engineeréh(): 29322941.

Bhuiyan, T. ., Tak, J. K., Sessarego, S., Harfield, D., and J. M. Hill. 2017. AdsorptiertEciakle
organics from oil sands proceaffected water onto biomasbased biochar: Metal content matters.
Chemospher&68: 13371344.

Bieser, J. M. H., and S. C. Thomas. 2019. Biochar archigin wood ash effects on soil and
vegetation in a boreal clearcuCanadian Journal of Forest Reseat@{9): 11241134.

Blarquez, O., and J. C. Aleman. 2016. Tree biomass reconstruction shows no lag in postglacial
afforestation of eastern Canad@anadian Journal of Forest Reseat6t{4): 485498.

Bockstette, S. W., Pinno, B. D., Dyck, M. F., and S. M. Landhausser. 20t@nfpettion, not soll
compaction, restricts access to soil resources for aspen on a reclaimed miriBosarly 95 (7): 385
395.
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Bockstette, S. W., Pinno, B. D., and S. M. Landhausser. 2018. Responses oPplantesitremuloides
seedlings to grasompetition during early establishmenirees Structure and FunctioB2 (5): 1279
1289.

Bouchard, H., Guittonny, M., and S. Brais. 2018. Early recruitment of boreal forest trees in hybrid poplar
plantations of different densities on mine waste rock slegerest Ecology and Managemet#9: 520
533.

Boulanger, Y., Arseneault, D., Boucher, Y., Gauthier, S., Cyr, D., Taylor, A. R., Price, D. T., and S. Dupuis.
2019. Climate change will affect the ability of forest management to reduce gaps between amdent
presettlement forest composition in southeastern Canadadscape Ecolo@4 (1): 159174.

BoulangetlLapointe, N., Levesque, E., Baittinger, C., and N. M. Schmidt. 2016. Local variability in growth
and reproduction ofSalix arctican the High ArcticPolar ResearcB5
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Boyce, M. S. 2018. Wolves for Yellowstone: dynamics in time and Spaceal of Mammalog99 (5)
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3. Relationswith Other Countries

The Poplar and Willow Council represents Canada on the International Poplar Commission which brings
together 39 member poplar councils and comnussi from around the world=ive members of the

PWCC attendedhe 25th Session of the International Poplar Commission in Berlin, Geima0y6 At

the meetingBarb Thomas, past chair of the Poplar and Willow Council of Camnadaeelected to the

IPC BExcutive Committee for a-§ear term.

The Council has strong connections to poplar and willow colleagues in the United States including the
Short Rotation Woody Crops Operations Working Group and Poplar Council of the United States.
Informally pplar and villow academics and scientistzaintainresearch collaborations with colleagues

at universities and research institutes worldwide.
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IV. SUMMARYSTATISTICS 202619

Table 1: Total area of poplars, willows and red alder 2017 and area planted from 2011to 2

Total Area By Forest Function (%)
Land Use Category Total Area Eroduction orotection | Other Area Planted
2019 (ha) Industrial Fuelwood 20162019 (ha)
Roundwood | Biomass (%) (%)
(%) (%)
Naturally Regenerating Forest
Poplars 37,592,950 2 15 83
Willows 59,281 16 84
Mix of Poplar and Willowsg
Alder 187,260 1 15 84
Planted Forest
Poplars 9,000 100 3,000
Willows
Mix of Poplar and Willows
Alder

Other Land With Tree Cover

Agoforestry and Trees Outside Forests
Poplars 1,464,860 0.9 99.1 200
Willows 28,384 100 200
Mix of Poplar and Willowg 16,000 100 200
Alder

Trees in Urban Settings
Poplars
Willows
Mix of Poplar and Willows
Alder

Grand Total| 39,357,735 3,600
Poplar area for "Naturally Regenerating Forest" and "Trees Outside Forests" is from the National Forest
Inventoryhttps://nfi.nfis.org/en/data_and_tools)."Trees Outside Forests" area is comprised of the
poplar area in the "Prairies" and "Mixedwood Plains", which are primarily agricultural areas. This includes
a substantial area of aspen and willow in natural stands on the prairies do@svih riparian zones
throughout Canada. It also includes an estimated 16,000 hectares of poplar and/or willows planted in
agricultural zones as plantations, shelterbelts, phytoremediation or other purposes.

The total poplar area in the NFI was giver38$957,810 hectares. The percent for industrial roundwood
is based on the area harvested, (National Forestry Databiaise://nfdp.ccfm.org/en/data/harvest.php.

Red alder is used to a significaxtent in BC (average 161 thousandyear) and is the most common
deciduous tree in the Pacific Maritime Ecozone.


https://nfi.nfis.org/en/data_and_tools
http://nfdp.ccfm.org/en/data/harvest.php
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The 187,260 hectares reported in the NFI as "Other Hardwoods" and "Unspecified Hardwoods" was
therefore assumed to be red alder.

Most pophr plantations in forests are assumed to be for industrial purposes.
Willows in "Naturally Regenerating Forests"and "Trees Outside Forests" were considered to be of the

same area as in the most recent report (Doornbos et al. 2016). Most of these waltewsiturally
occurring willows that protect riparian zones.
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Table 2: Wood removals

Wood Removals 2017 @n(in 1000's)*

For Industrial Roundwood For

Fuelwood/Wood
Veneer/ Pulpwood | Sawnwood Chips

Total

Removals "
Land Use Category Plywood

Naturally Regenerating Fest
Poplars 20,250 12,515 7,338 0 398
Willows
Mix of Poplar and Willows
Alder

Planted Forest
Poplars
Willows

Mix of Poplar and Willows
Alder

Other Land With Tree Cover
Poplars

Willows
Mix of Poplar and Willows
Alder

Grand Total 20,250 12,515 7,338 0 398
2014 Grand Total (previous
report)*** 28,246 10,848 12,411 1,779 3,208
* Reportal figures for Wood Removals (2017) were taken from the National Forest Database (NFD) of
the Canadian Council of Forest Ministérd://nfdp.ccfm.org/en/index.php). They were aggregated
into Mixed Hardwod (including poplars, willows and other hardwood species). Data available from
different provinces specified the poplar component of the hardwood harvest (Nova S88tiaNew
Brunswick 19%; Quebee38%; Ontaric 74%; Saskatchewar®4%; Alberta 96.4%; British Columbia
86%)
** The National Forest Database reports harvest (roundwood) as: Fuelwood and firewood; Logs and
bolts; Other industrial roundwood; Pulpwood. The figures for logklasits and other industrial we
combined in the "veneer/plywod" category. It is not known how much of this should be categorized as
"sawnwood"
*** The difference in hardwood harvest between 2017 and 2014 is mainly due to the fact that the 2014
numbers are for all hardwoods, while the 2017 numbers estimate poplaeky based on the
percentages given above. There were significant differences ... in Alberta (1,908 thousah@48 in
Logs and bolts and 860 thousand imPulpwood) and in @abbec (726 thousand . The apparent
increase in "Veneer/plywood" can bé&mbuted to the fact that we were unable to separate out the
"sawnwood" component, and that the @bec data reported in 2017 apparently aggregated Fuelwood
and firewood, Logs and bolts, and Pulpwood into the Logs and bolts category (8,453 thodsand m
2017 versus 3,738 thousand®in 2014).



http://nfdp.ccfm.org/en/index.php

Table 3: Forest Products in Roundwood Equivalents
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Forest Products in Roundwood Equivalents (108@0)m
. Industrial Wood I:,ulppa_rticle boad,
and Use Category | Fuel Chips Roundwood (Mech. or Fibre board |Veneer Plywood Sawn
wood (log, (MDF, hard | Sheets wood
pulpwood) G board)
Naturally Regenerating Forest
Poplars 398 7,338 12,515
Willows
Mix of Poplai& Willows
Alder 170
Planted Forest
Poplars
Willows
Mix of Poplai& Willows
Alder
Agroforestry
Poplars
Willows
Mix of Poplar& Willows
Alder
GrandTotal | 398 0 0 7,338 12,515 0 0 170




Table 4 Prevailing trends
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Increase

Decrease

Reman as
itis

No
GComment

la. The conversion ofaturally regenerating
forests of poplar to other land uses will

X

1b. The conversion efaturally regenerating
forests of willow to other land uses will

X

1c. The conversion ofaturally regenerating
forests of other fast growing species to
other land uses will..

2a. The conversion g@lanted forests of
poplar to other land uses will.

2b. The conversion gilanted forests of
willow to other land uses will.

2c. e conversion oplanted forests of other
fast growing species to other land uses will

3a. The area of poplars for bioenergy
plantations will ...

3b. The area of willows for bioenergy
plantations will ...

3c. The area of other fast@wing
trees for bioenergy plantations wi

4a. Government investments in poplars will ...

4b. Government investments in willows will ...

4c. Government investments in other fast
growing trees will ...

5a. Private sector ingments in poplars will ...

5b. Private sector investments in willows will ...

5c. Private sector investments in other fast
growing trees will ...
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Remain as No

Increase Decrease .
itis Comment

6a. The gnificance of poplars fgroductive X
purposes will ...

6b. The significance of willows fproductive X
purposes will ...

6c. The significance of other fagitowing X
species foproductive purposes will ...

7a. The significance of poplars fo X
environmental protectionpurposes willX

7b. The significance of willows for X
environmental protectionpurposes will ...

7c. The significance of other fagtowing
species foenvironmental protection
purposes will ...

8a. The rejectioy environmental groups of X
poplars will...

8b. The rejection by environmental X
groups of willows will...

8c. The rejection by environmental groups X
of other fast growing trees will...

9a. Theacceptanceby the general public of X
poplars asmportant natural resources

9b. Theacceptanceby the general public of X
willows as important natural resources will...

9c. Theacceptanceby the general public
of other fast growing trees as important
natural resources will...

X

“Based on a telephone survey of federal and provincial government representatives, and poplar, willow
and other fast growing hardwood breeders, growers and users in Canada
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