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IN MEMORIUM

Tribute to Dr. Narinder Dhir

Dr. Narinder Dhir led the Alberta provincial tree improvement programs for 33 years and was a prominent member of the Canadian tree
improvement community.

Narinder Dhir was born in India where he completed his undergraduate and graduate studies in agriculture. His M.Sc. thesis (1966) in
agricultural botany at the Indian Agricultural Research Institute was on “Cytogenetical Studies in Indian Vetiver”. In 1971 he received his
M.Sc. in forestry from the University of Minnesota. His thesis was entitled “Study of seedlings and nuclear characteristics of Pinus resinosa”.
Three years later he graduated with the Ph.D. degree in forestry from the same university. The title of his Ph.D. thesis was “A comparative
study of inter- and intra-provenance crosses of eastern cottonwood (Populus deltoides)”.

Following his graduation from the University of Minnesota, Narinder moved to Canada where he briefly worked as a Postdoctoral Fellow
with the Canadian Forest Service at the Petawawa National Forestry Institute in Ontario. In 1975 he was hired by the Timber Management
Branch of the Alberta provincial government. His task was to set up and lead the provincial tree improvement programs. That was a huge
challenge for a recent graduate without any roots in Alberta. At that time he had no staff and no facilities. But he did very well and over the
next 33 years he steadily built extensive tree improvement programs in the province. He established Alberta Tree Improvement and Seed
Center at Smoky Lake which currently employs 23 people and temporary staff. At the center there are seed orchards, field tests, the
provincial seed storage facility which holds all seed for reforestation on public land in Alberta, clone banks, labs, greenhouses and
administrative buildings. During his tenure the Alberta Forest Genetics Council was established to promote cooperation with the industry,
the Alberta Standards for Tree Improvement were initiated which regulate management of forest genetic resources on provincial land, and
the Forest Genetics Association of Alberta was formed to address the needs of smaller forest companies lacking the resources to carry out
tree improvement on their own. This work was in addition to establishing numerous species, provenance and progeny trials, clone banks
and seed orchards. During his carrier Narinder went through several economic “boom and bust” cycles yet always managed to maintain and
grow the programs even during hard times.

As a manager, Narinder took great interest in the professional development of his staff. He encouraged and made possible for some of his
staff to pursue education in forest genetics at the university and college level. Under his leadership, Alberta government supported
numerous research projects at the University of Alberta that have led to many M.Sc. and Ph.D. graduates who are currently active in
academia, research and tree breeding in Canada and overseas.

Narinder was an avid reader of scientific books, journal articles, reports and magazines. He would not pass a new forest genetics or tree
improvement book without purchasing it and including it in his library. Even after his retirement in 2008, Narinder kept track of new
publications in forest genetics and readily shared his knowledge and expertise with his former co-workers. Narinder Dhir died in Edmonton,
Alberta in April 2014.
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CFGA/ACGF 34" Business Meeting Minutes

Michele Fullarton chaired the 88Business Meeting of the CFGA/ACGF held at FredencNew Brunswick on
Tuesday August 18, 2015. Twelve Active Members vpeesent.

398  Minutes of the 38 Meeting
(as distributed August 6, 2015)
Motion: That the minutes of the 8Business Meeting be approved as published.
Moved by: Om Rajora

Seconded by: Yill Sung Park
Carried.

399 Membership

399.1 Honorary Membership
The names of four nominees were presented asvllo
Leonard Barnhardt

Jean Beaulieu
Howard Frame

Kathy Tosh
Motion: That the nominated Honorary Members by dlected.
Moved by: Yill Sung Park
Seconded by: Om Rajora

Carried.

399.2 Active Membership
The names of six nominees were presented as fallow

Kathleen Forbes Natural Resources Canada
Fredericton, NB

Patrick Lenz Natural Resources Canada
Quebec, QC

Andrew McCartney J.D. Irving, Limited
Sussex, NB

Shona Millican J.D. Irving, Limited
Sussex, NB
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401

Lindsay Robb Agriculture and Forestry
Smoky Lake, AB

Stefan Schrieber University of Alberta
Edmonton, AB

Motion: That the nominated Active Members be delcted.
Moved by: Jean Beaulieu
Seconded by: Om Rajora

Carried.

Chair’'s Report

The 34" meeting of the Association was held in FrederictdB. The meeting was jointly hosted by the
three Maritime Provinces: New Brunswick, Nova Saotnd Prince Edward Island. The conference was
joint with two IUFRO Units: Population, Ecologicahd Conservation (Unit 2.04.01) and Seed Orchards
(Unit 2.09.01). We considered the event a succébstf registrants.

The Organizing Committee consisted of the followimgdjviduals:
Michele Fullarton: Agenda, Field trip, Logisticsngnces
Tom Ng: Logistics, Finances

Om Rajora: Unit 2.04.01

Shona Millican: Field trip, Brochures

Greg Adams: Invited speakers

Yill Sung Park: Invited speakers

Yuhui Weng: Volunteer papers and Posters

Tannis Beardmore and Kathleen Forbes: Registration
Dale Simpson: Agenda, Registration, Student spshgor
Dave Steeves: Nova Scotia Rep, Agenda

Mary Myers: PEI rep, Logistics

Terry Gauthier: PEI rep, Logistics

Support was provided by seven sponsoring agenaiesitical component of the meeting to fulfill our

financial obligations.

Michele Fullarton
Chair

Jean Beaulieu expressed his thanks to the orggremimmittee for having a good conference.

Treasurer's Report

Michele Fullarton tabled the financial statememtthe period of June 2013 to June 2015 for infdiona
and acceptance by the membership (see Attachmgni i statement shows a balance of $ 20,643.68.
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403

Motion: That the financial statement be accepie@resented.
Moved by: Yill Sung Park
Seconded by: Dave Kolotelo

Carried.

Financial Contributions

J.D. Irving , Limited

Jiffy

New Brunswick Department of Natural Resources

Nova Scotia Department of Natural Resources

Natural Resources Canada

Prince Edward Island Department of Forests, Rish\&ildlife
University of New Brunswick

Motion: That the CFGA/ACGF executive of the "™34neeting express our sincere
appreciation to these contributors.
Moved by: Dave Kolotelo
Seconded by: Kathy Tosh
Carried.

Editor's Report

The proceedings of the 83neeting have not been completed. When they amadpt to the Association’s
web site an announcement will be sent to all Acthembers, Honorary members, and registrants. Als wel
a copy of the proceedings on DVD will be sent te&#an universities and other libraries.

Membership consists of: 18 Honorary, a net deereé4 since the last meeting

80 Active, a net decrease of 6 since the |a&siting

59 Canadian libraries, a net decrease of 2ghmelast meeting

12 libraries do not receive the Pro@egsibecause they can access them on the Assodatieb
site

Dale Simpson

Education Committee

Requests to nominate a student for sponsorshipeté-orest Genetics 2015 meeting were sent to \ainse
Canadian universities with accredited undergradfatsstry programs. Student nominations were reckiv
from five universities with sponsored students affitiations indicated below.

Jiejie Wang University of New Brunswick
Juliana Sena Université Laval



Emma Kneil University of Alberta
Jiayin Song University of British Columbia
Tim Owen University of Northern British Columbia

There was a joint evaluation committee consistiid Sung Park, Tannis Beardmore, Sally John, and
Dale Simpson. All students were eligible for allaads, but no student could win more than one award
were criteria we used.

The CFGA Gene Namkoong award ($300) is presentexd dtudent for the best poster. The winner was
Juliana Senda from Université Laval for her po&tatjusting to Water Stress: Dehydrins Genes in Whit
Spruce”.

The Carl Heimburger Award ($500) is presented student for the best oral presentation. The winvees
Adriana Suarez-Gonzalez from University of Briti€blumbia for her presentation “Evidence that aleli
introgression fromPopulus balsamifergbalsam poplar) underlies local adaptatiofirtrichocarpa(black
cottonwood)”.

Dale Simpson

Working Group Reports

Tree Seed Working Group

The Tree Seed Working Group continues to publisraanual Newsbulletin and both Dale Simpson and |
graciously thank all those who have contributeitlag. Since our last meeting we produced editiefis
59, 60, and 61. Past editions of the Newsbulletmting back to 1983 can be found here:
http://www?2.gov.bc.ca/gov/content/industry/foredtngnaging-our-forest-resources/tree-seed/tree-seed-
centre/cone-seed-improvement-program/tree-seediwpdtoup

We try to encourage Newsbulletin participation laving a lottery at each workshop for those who have
contributed articles since the last TSWG workshidps year’'s grand prize winners were Randy Ford and
Al Foley who won a copy of “Lives of Conifers — Afomparative account of the coniferous trees” by
Graham Powell. Graham served as chair of this gfimup 19871 to 1991 and it was great to have him in
the audience for the workshop.

The 2015 workshop had a theme entitledévelopment and Application of Water Activity for
Monitoring Seed Moisture Content’ which we think is an important technology for imping the
conservation and storage of our precious seed altehpresources. The following speakers providesirth
perspectives and jurisdictional activities in taiea:

Bob Karrfalt, Director of the USDA Forest Service National Seetlaboratory
The practical applications of water activity to irape the efficiency of seed management systems

Lindsay Robb, Alberta Provincial Seed Specialist
Using water activity in tree seed banking and itsmplementation in Alberta
Fabienne Colas Biologist/Seed Scientist - Quebec government &webe Branch

The application of water activity to the managenwmollen and seeds in Quebec

10



Dave Kolotelo also provided a talk on “Seed viabifirediction options” as a review of tools avai&for
assessing seed viability during collection and essing activities. To round out the workshop we aad
visual tour or “Cross Canada seed centre checlefiptveral Canadian Tree Seed Centres to complement
what we would later see at Natural Resources Cardgsclear and JD Irving. Fabienne presentedia to
of the Quebec facility, Al Foley, manager of thet@io Tree Seed Plant provided an overview of their
facility in Angus; Lindsay Robb gave a visual taafrthe Alberta Tree Improvement and Seed Centre
facility and Dave provided an overview of the B&&1Seed Centre. | thought that this was a goddtiri
that provided a good visual overview of how diffaréacilities approach the same task of seed eitrac
and purification in addition to outlining the othetivities and initiatives they are involved iradt, but not
least I'd like to thank the CFGA organizing commétfor support with our refreshment break, tour
transportation, our raffle prizes and for puttingaogreat meeting in Fredericton.

Thank you to Dale Simpson, our workshop speakéen@dees and Newsbulletin contributors for helping
continue to keep this working group alive and kigki

Dave Kolotelo

Chair

Old Business

none

New Business

none

Future Meetings

Location of the 2017 Meeting

Andy Benowicz confirmed that the next meeting Ww#l in Alberta.

Location of the 2019 Meeting

Quebec, QC.

Location of the 2021 Meeting

Ontario, possibly.

11



It was recommended that organizing committees sheoohsider inviting other organizations such as
IUFRO to join for a join for a joint conferenceander to attract participants from a larger geobi@prea.

Adjourment
Motion: That the 3% business meeting of the CFGA/ACGF be adjourned.
Moved by: Dave Kolotelo
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CFGA/ACGF

Financial Statement
June 2013 - June 2015

anc $ 6, 146.23
dings $ 6,146.23
chequing accou $ 111
)13 — Advance $ 15,000.00
- Surplus $ 5,560.67
dits $ 20, 561.78
wards (CFGA 201 $ 800.00
for CFGA 201 $ 5,000.00
(hosting and annual domain f $ 273.33
its $ 6,073.33
—June 30, 2015
anc $ 20,634.68
dings $ 20,634.68
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NEW BRUNSWICK TREE IMPROVEMENT UPDATE

Michele Fullarton and Yuhui Weng
c/o NB Dept. Natural Resources
Kingsclear Provincial Forest Nursery

3732 Route 102
Island View, New Brunswick
E3E 1G3

Keywords: Breeding, second generation, GA4/7, third generation, seed orchard, black spruce, jack pine, white
spruce, red spruce, Norway spruce, tamarack, NBTIC, tray mixes

The New Brunswick Tree Improvement Council (NBTIC) was formed in 1976. It is comprised of industrial, scientific
and government agencies, and the objective of the Council is to provide well adapted, improved local seed for the
reforestation of Crown land. The Department of Natural Resources (DNR) coordinates the NBTIC activities, and is
responsible for the breeding and growing of test material. The Seedling Production section of DNR is currently
growing 21 million seedlings annually for planting, with all the seed coming from seed orchards. The Tree
Improvement program in NB continues to focus on the main reforestation species, white spruce (Picea glauca
[Moench] Voss) black spruce (Picea mariana [Mill.] B.S.P.), red spruce (Picea rubens Sarg.), Norway spruce (Picea
abies (L.) Karst and white pine (Pinus strobus L.). Other species include balsam fir (Abies balsamea (L.) Mill.), jack
pine (Pinus banksiana Lamb.) and tamarack (Larix laricina [Mill.] Karst.).

SEED ORCHARDS AND SEED PRODUCTION

Orchard establishment for NBTIC members currently stands at 304 ha comprising of 7 coniferous species (Figure
1).

These orchards are meeting the reforestation demands for Crown land. Seed production in 2014 was poor, with just
under 35 million seeds, with the majority of that collected from white spruce and white pine orchards. The seed
collected from DNR'’s black spruce 2" generation orchards was done by clone once again. This will give us the
opportunity to provide a better clonal mix to the nursery, increasing volume gains in plantations at an acceptable
diversity level. In 2015, indications in the orchard are that we will have a large cone collection in our high value
second generation white spruce orchards. These orchards were injected with GA 4/7 in 2014.

TREE BREEDING, TESTING AND SELECTION

Polycrossing of second generation black spruce and jack pine selections was completed in 2007. Third generation
jack pine selections and further breeding are on hold due to a reduction in demand for this species in the
reforestation program, although 40 selections were made to establish a 3" generation orchard. DNR continues to
follow the breeding strategies for black spruce and jack pine that were adopted in 1993. Clones have been
uniformly deployed to breeding groups, and breeding is conducted in a positive assortative mating design. A total of
23 sub-lines have been established for the black spruce and 21 for jack pine. The full-sib testing is completed for
black spruce, with one more test series to plant in jack pine. The black spruce breeding strategy is under review
and will be modified for advanced generations. The second generation white spruce breeding for the past three
years has been doing supplemental mass pollination on orchard clones to establish tests to evaluate clones for
future rogueing. Pair-mating started in 2013 using an updated breeding strategy.

In the NBTIC program, three hundred and fifty-five tests have been planted on 400 ha located around the province.
In 2014, a white spruce realized gain test series was established, which included an operational collection of
second generation orchard seed. In 2015, the last series of black spruce 2" generation full-sib progeny tests was
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established. This completes the breeding for the black spruce second generation population. There have been no
new selections made for any species in 2014 and 2015. Our focus right now is on completing the 2M generation
breeding and testing.

NBTIC DATA ANALYSIS AND RESEARCH

The data analyst position has continued to be funded by the NBTIC. A total of 9 NBTIC test series were analyzed in
2013 and 2014 which included 1 half-sib progeny test, 1 clonal test, 5 full-sib progeny tests and 2 gain tests.
Results of these analyses suggest that genetic gains were reasonably high. Genetic selection from the full-sib
progeny tests (selecting 10%) would result in about 5~10% gains in 10-yr height for black spruce and in 12-yr height
for jack pine. The realized gain tests confirmed that gains for the seedlots collected from the existing seed orchards
were high. For example, a seedlot collected from a 2 generation clonal seed orchard of black spruce achieved
40% more volume at age 10 years than the unimproved stand checklots. For white spruce, a seedlot collected from
a 1* generation clonal seed orchard had a realized gain of 22% in 20-yr volume compared to the stand checklots. In
addition to data analysis, data analyst was involved in a few research projects during this period, focusing on
balancing genetic gain and diversity for reforestation, understanding benefits in carbon credits from tree
improvement activities, and analyzing economics of a white spruce seed orchard. Results suggest that planting
growth-improved seedlots would greatly enhance biomass productivity and C sequestration of plantations. Using
real data, the benefit-cost analysis of the 1% generation white spruce clonal seed orchard located at Lower
Queensbury, NB, showed that establishment and management of the orchard was an excellent investment overall.
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NATIONAL TREE SEED CENTRE
Dale Simpson

Natural Resources Canada
Canadian Forest Service
Atlantic Forestry Centre

National Tree Seed Centre

Fredericton, NB
E-mail: Dale.Simpson@Canada.ca

The mission of the National Tree Seed Centre isaieguard Canada’s forest genetic resources ifate of
climate change and other threats by acquiring,uatizlg, preserving, and providing a national celtat of forest
genetic resources to assist in securing the fdaektgical diversity that underpins the sustainatdeelopment of
Canada’s forests. The Centre aims to store segg@efand shrub species from throughout their rang€anada.
On-going activities include collecting and procagsseed; conducting tests such as germination taneisontent,
and 1000-seed weight; and setting up and evaluatisgarch trials. This report covers activitiesimy2013 and
2014.

In order to expand the geographic sampling for igge&nd to add new species to the inventory seebt&@ned by
collecting, donation, and purchase. Collecting dsused on obtaining seed from natural populatitreseby
capturing the natural genetic variation that issprg within species. Most of the collection effatfocused on
collecting seed from a minimum of 15 trees in ayation and keeping the collections separate kg tkéany of
the accessions donated or purchased are bulk folledrom natural populations. Seed is store@@tCG primarily
in two categories: Seed Bank where seed is availfihl research and Gene Conservation. During tloeyiar
period 5 seedlots from 4 species were collected 2¢ seedlots from 14 species were donated or asech
Almost 6,900 seedlots from 148 species exist idIgank. The Gene Conservation collection also coet to
grow. Seed in this collection conserves naturakgiemwvariation through collections from speciepopulations that
are unique or threatened as well as samples frediats that were collected for Seed Bank. The ctidia grew as
a result of ash collections donated from Ontarid uebec. As well, 1®inus albicaulisseedlots from three
National Parks in Alberta and British Columbia wele@nated for back-up storage. About 4,950 seedliota 50
species are stored in Gene Conservation. The SertleCalso has a cryogenic facility. Most of theterial stored
is tissue arising from somatic embryogenesis budreservation program, led by Tannis Beardmore stersed for
butternut Juglans cinerep Butternut is listed nationally as endangered tueutternut canker caused by an exotic
disease $irococcus clavignenti-juglandacearunButternut seed are recalcitrant however the gamic axis is
tolerant to desiccation and freezing. Axes fromc2flections made in New Brunswick were stored il
nitrogen. The program has funding for three yeadsraore collections will be made.

A program for the conservation of ash seed has leeeby the Seed Centre since 2004 due to thettimgased by
emerald ash boreAgrilus planipennisthat is expanding its range in Canada. Thera isggortunity to collect and
store seed to conserve the genetic variabilityatifive ash species so that the material will belalks for research
and/or restoration planting after the insect irfdeh has passed through. There was a good sepdnc2®13 that
resulted in over 140 collections donated from Qatand Quebec. About 800 seedlots from five speaiesin
storage.

Germination testing of seedlots in storage is éegiral part of the Seed Centre’s annual activifi@s.most species,

germination tests are conducted every ten yearsutABOO tests were completed during the two-yeaioge

Testing is conducted using Petawawa GerminationeBoGenerally, 4 reps of 50 seed are tested inxa Hmr

larger seed such d&axinus and Acer 25 seed per rep is tested. The data not only g¢eoan indication of the
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quality of each seedlot but when combined with e test data they provide an indication of thegiterm
storage potential for a species. This is partitplanportant when seed is being stored long term denetic
conservation purposes.

Operational research is an important activity. Haihg germination test data is one aspect as slisduabove.
Another activity is setting up germination trials ¢évaluate seed treatments to determine which ocoeagies
maximum germination. A series of trials were sefapPrunus pennsylvani¢d. serotina andP. virginianavar.
virginiana evaluating various combinations and durations ofsmincubation and moist chilling. These results
provided the opportunity to refine the treatmemts R. virginiana var. virginiana to maximize germination for
nurseries growing seedlings for reclamation ofsaihd mining sites in Alberta. A combination of nineatments
that included incubation in the dark (21°C) (264weeks) and chilling in the dark (4°C) (16, 20,2deks) were
used. Following treatments, seed were transfegegktmination boxes and placed in a germinationneal§25C
for 12 h with light, 20C for 12 h in dark, 85% relative humidity). The 2&k moist incubation + 20-week moist
chilling treatment was most effective in maximiziggrmination. After 21 days in a germination cabinetal
germination ranged from 19-85%. Variation in gemiion was a reflection of seedlot quality. Afteirtaeplaced
in the germination cabinet 99% of the seed thahgeted did so within seven days.
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Reclamation and reforestation of highly disturbed rparian zones using native willows
A.J. Mosseler, J.E. Major, and D.P. Ostaff

! Natural Resources Canada, Canadian Forest ServieeAtlantic Forestry Centre, 1350 Regent
Street South, Fredericton, NB E3B 5P7

Keywords: Biomass production, forest restoration, mineaetwtion, native North American willows,
Salixspecies

Forested land that has been highly disturbed byamuactivities such as mining can disrupt important
ecological services that humans depend on. Theuptiwity—or capacity to produce biomass—and the
ecological services that were once provided musesired as quickly as possible. Riparian zones ar
areas of special concern because water quality isportant ecological service that has becomeia ma
focus for regulatory efforts on former mine sitééllows are naturally adapted to wetlands and rgrar
zones and can be used to mitigate erosion antiaitaf water courses. They can also serve as aatur
filters for pollutants and heavy metals. As relalywvshort-lived species that invade and occupydigd
sites for short periods during early stages of n@succession, willows may also be useful as norses
for the restoration of native forest cover. Ourdstigations of the usefulness of eight of the ntloae 108
native North America willows have shown that willewre promising for both biomass production and
land reclamation on highly disturbed, low-fertilgjtes.

Our goal was to assess some common native willomsapid revegetation of highly disturbed areas,
including a former coal mine site in New Brunsw{tkB), with the ultimate aim of promoting a more
rapid natural succession to forest cover over areaently being disturbed by oil sands mining in
western Canada. We compared genetic variationmwéhd among natural populations of willows for
survival, biomass production, and various growditdron disturbed coal mine sites and have selected
set of superior willow clones from several differgpecies for distribution to land management aigsnc
interested in site reclamation.

The species being tested include both tree andshitlows adapted to a wide range of moisture
conditions, thereby providing land managers witarage of plant forms adapted to a range of differen
site types. A representative sample of clones feawsh of these willows was collected from natural
populations in Ontario (ON), Quebec (QC), and NawrBwick (NB) for establishment in common-
garden field tests on the infertile shale rock bueden that dominates the Salmon Harbour coal sitee
near Fredericton, NB (Lat. 487’ N; Long. 6605’ W) on a property operated by NB Coal Ltd., a
subsidiary of the local electric power utility, NBwer.

Field tests were established with 20 cm long, esst] stem cuttings collected during the winter i®nt
from vigorous 1- and/or 2-year-old plants origingtin natural populations in ON, QC and NB. Two-
year-old coppice regrowth was harvested for measemés of biomass yield and coppice structure. A
common-garden experiment established in 2008, wtocitained 20 clones from seven species collected
directly from natural populations, showed signifitdifferences in survival, biomass yield, and nemb

of stems per coppice, withalix eriocephaldERI) showing the best survival at approximatedgo/

Species with poor rooting ability, such&sbebbiangdBEB) andS. humilisHUM), had the lowest

survival at approximately 3% and 10%, respectivelyears after establishment. The greatest nunfber o
coppice stems per plant and greatest biomass prodweere also produced by ERI, wher&s
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amygdaloidegAMY) and S. nigra(NIG) produced the least green biomass and anfenpwvest number
of stems per coppice. However, these survival tesaintrasted quite sharply with those demonstrayed
clones that had already undergone an initial raefreklection based on prior field testing at thenifeal
Botanical Gardens (MBG) for survival and growtho@#s selected from five species established in two
MBG field tests showed significantly higher rootisigccess and thus higher survival. CloneS.of
interior (INT) showed the best overall performance. Both &Rl INT had the greatest and most
consistent rate of rooting success and survivaéufidld conditions.

Throughout the northern hemisphere, willows arem@icolonizers of highly disturbed, infertile sitend
are capable of fixing their own nitrogen based acrobial associations in the stems. Site fertitibes

not appear to be a major limiting factor for willswstablished on rocky sites with very little swijanic
matter, nitrogen, or soil development. Willows ateo ideally adapted for rapid invasion and colatian
of mine sites because of their abundant annual geetliction and effective long-distance seed dsger
by wind. Among the willows tested, BEB aBddiscolor(DIS) were common natural colonizers of these
abandoned NB coal mine sites. All the shrub wila¥escribed here (BEB, DIS, ERI, HUM, and INT)
flowered and produced viable seeds in the secamdigg season following establishment as stem
cuttings. By establishing a series of small patdfeseveral dozen individuals on wetter areas ay foe
possible to quickly capture available, suitablessitia abundant natural seed dispersal with thigbdyh
fecund shrub willows. We estimated that a singlear-old coppice plant of ERI can produce several
million seeds annually. The main requirements filow establishment from seed are exposed mineral
soil, a constant moisture supply during seed geatimn and early seedling development, and full igil
for developing seedlings.

On barren, infertile, shale overburden, severahefwillow species tested were able to grow redsigna
well from unrooted stem cuttings when root develeptrtook place quickly enough to sustain early
seedling growth during seasonal periods of moisaumeglability. However, these willows showed large
variation in their ability to produce roots fromottess, dormant stem cuttings. Willows naturallpted
to riparian or wetland habitats, such as ERI, INIY, and NIG, showed much better rooting abilityath
the non-riparian, upland willows BEB, DIS, and HUWhriation in rooting ability is a key factor in
survival and growth, and rooting success may bertbgt important criterion for determining which
species are best for land reclamation on highlydied, low fertility sites. The most consistentl aapid
root development from rootless dormant stem custings demonstrated by ERI and INT.

A unique feature of INT is its ability to form muktemmed colonies that develop from rhizomes &ed t
extensive, shallow root network from which new sfarise via suckering. Six years after establishmen
many of the INT clones have already spread 3—4om the original ortet (mother plant or stem cutting
and are developing into small, multi-stemmed caent his spreading and stem suckering habit from
rhizomes forms stem colonies capable of rapidlywapy a site to mitigate erosion and surface rtinof
This colony-formation habit can be especially valedor stabilizing stream banks and maintainingeva
quality.

Reclamation of mine sites with the aim of evenguedistoring natural forest cover has proven diffion

coal mines across the Appalachian region of eadterth America because it is often difficult to

establish trees directly on exposed, highly distdrareas, and simply sowing grasses may delay the
process of natural succession to forest cover tii¢uinhibitingtree seedling establishment. Natural
primary succession often takes many years, andregsin of the native forest cover can take many
decades. However, both ERI and INT grew very welthese mine sites and both species have features
that recommend them as useful, productive, andeftesttive species for reclamation and restoration
highly disturbed sites based on their rapid roo@ihdgity, high survival, biomass productivity, apthnt
morphology. One of our longer-term objectives istiteg native willows on former coal mine sites w@as
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develop a cost-effective protocol for using willotesboth capture (revegetate) a site and preveasion
by grasses and/or ericaceous shrubs detrimengstablishment of trees and to prepare a moredeuil
for forest succession. Willows are normally a stiogd species and could serve as a compatiblesnurs
crop for the artificial introduction of longer-lideor more commercially valuable tree species, there
shortening the decades-long natural successiorgsaequired to reestablish forest cover. Ultinyatel
our aim is to develop a “best practices plant syét® help restore not only coal mine sites, babahe
large areas disturbed by oil sands mining in waesBanada.

Summary

The best clones @alix eriocephalandS. interiorhad over 95% survival and produced approximately
5-6 Mt ha" fresh mass from 2-year-old coppice growth on hdosh fertility mine sites. Of the eight
willow species being tested, we currently recomniirede two species for use in mine reclamation
efforts because they grew best overall and hadliiiteest survival rates. Despite poor average rgotin
ability in S. bebbianaS. discoloy andS. humilis surviving genotypes of these species showed good
subsequent survival and growth, and further seladbr improved rooting ability in these species is
warranted.
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The Direction de la recherche forestiére worksase collaboration with the Direction générale a@ioduction de
semences et de plants forestiers to solve opestimoblems that can or actually occur in seeds sewtlling
operational production.

SEEDS

Workshop

A Workshop was organised at the Berthier Tree Seedtre (BTSC) on December 3-2013 (es semences
forestiéres: un maillon clé des plantations de glawvaleuj. 140 persons visited the Seed Centre and attethéed
conferences which presented the numerous stepadigienetic improvement to seedling production. oktiait of

the forest context and of the forest seed productind uses in British Columbia was also preser$es the
websité for the complete program, abstracts and presentat{in French).Since the BTSC is 1SO 9001:2008

! http://www.mffp.gouv.qc.ca/forets/connaissanceslezche/atelier-conference-decembre-2013/accueil.asp
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certified, great work was done to establish stashgmocedures for each step of the work done atT8@. This is
excellent for the “organization memory” especiallyen people retire.
Water Activity

Seed water status is a key element for their coatien. Water activity (4) measurement characterizes this status
and its possible evolution more precisely than watatent. 4, is a useful tool that has been used for seveeakye

in Quebec now. An adapted dryer ruled hya#lows to stabilise the small sample of pollen apdds (see Baldet
and Colas 2013 for details). This stabilisation barmade for new lots but also for lots whergghas risen during
conservation. This allows to prolong their constora For operational seedlots, the BTSC adaptedrifing line

to monitor seeds moisture with,Anly.

Thanks to A, which is non-destructive, we highlighted an inseaf the seeds water status in conservation. This
can be caused by the porosity of the containeri@ntepeated openings. The development of a nevairmn
continues with theCTMP (Centre de technologie minérale et de plasturgletford-Mines, Québec). A less
permeable polymer is tested, the results will kailakile at the end of 2015.

Larix Indoor Seed Orchard

Berthier Tree Seed Centre (BTSC) has the uniqueoindeed orchard for the production of hybrid lasegleds
(Larix x marschlinsi. This orchard has 3 200 grafts of 20 clones afopean larchl{arix deciduga and 3 250
grafts of 19 clones of Japanese larthrix kaempfenl. For each species, the clones are recommenddtieby
improvement program of larch. A problem of stunwzkdlings was detected in some hybrid larch segdlin
production. A study was conducted that concluded some genetic combinations cause this problem Csdas
and Lamhamedi 2013 for details).

GENETICS AND CLIMATE CHANGE

How will Superior White Spruce Families grow in theture?

About 20 million white sprucePicea glauca seedlings are planted annually in Quebec. To rieeneeds for
improved seeds, first-generation seed orchards wetablished from 1983 to 1991, and the establishroé
second-generation seed orchards began in the9afis1Seed trees in these second-generation seeatds were
selected from superior full-sib families. Tree impement programs aim to identify and to select fiasiithat are
well-adapted to present and future growing cond#tioTo gain insight into the stability of the fayijenetic
response to climate change, we subjected whitecgmeedlings from 60 full-sib families to a combio@ of two
temperature regimes and two atmospheric €@hcentrations during two growing seasons. Waremiperatures
and a higher C@Oconcentration had a positive effect on some grosatiables. Moreover, the absence of significant
family x treatment interactions suggests that tative performance of selected families would Inetaltered by
the anticipated climate change under the conditiminhigh water availability used in this experimeAimong
physiological traits, only instantaneous water efficiency responded positively to higher ¢Qvith a 51%
increase that was consistent across families.
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CLONAL FORESTRY

What is the best way to deploy superior white sprelones?

In 2018, the first white spruce cuttings to be leated on stockplants produced through somatic esgbnesis will

be deployed in Quebec. These clones have beerteskl@a the basis of field measurements taken inatltests
established from 2007 to 2016 on two differentssité’e plan to deploy them as multiclonal varietiesiposed of a
mixture of several clones. Though clonal tests jgl®a means to assess and compare the performbumadaus

clones in a controlled environment, they give oalpartial portrait of the behavior of clones estddgld in forest
plantations. In a context of operational deployment can ask whether the behavior and yield ¢drecplanted in
a mix with others remains the same as when itantptl « alone » in a monoclonal plantation. Thisstjon can be
addressed by comparing the performance of clongeykd both in a monoclonal and a multiclonal pddion on a
same forest site. In 2014, to achieve this goa,Direction générale de la production de sementee @lants
forestiers (DGPSPF) of the Ministére des Forétsladeaune et des Parcs (MFFP) began establishgagies of
field tests which will be evaluated over an 8-ypariod in several administrative regions, plantsisites and
ecological regions.

ACKNOWLEDGMENT

We wish to thank Denise Tousignant (DRF, MFFP)tlertranslation.

PUBLICATIONS AND REFERENCES

PUBLICATIONS

Baldet, P. and F. Colas, 20¥8water activity-regulated dryer: how to dry seedspollen with water and no heat
Tree Planters’ Notes 56(2): 43-4fltp://www.rngr.net/publications/tpn/56-2

Colas, F. and M.S. Lamhamedi, 2013. Productionrea generation of seeds through the use of sortiaties in
controlled crosses of black spruédgea mariand New For. 45(1): 1-2(http://dx.doi.org/10.1007/s11056-
013-9388-2

Colas, F. et M.S. Lamhamedi, 200A&ariabilité de I'architecture des parties aérienrdess pieds-meres de méléze
hybride : effets des régies de culture et de lioBggénétique des semencE&auvernement du Québec,
ministére des Ressources naturelles, Directioradedherche forestiere. Mémoire de recherche ferest
n°171. 44 p.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Memoire171.pdf

Carles, S., D. Boyer Groulx, M. S. Lamhamedi, Airikidle, J. Beaulieu, P. Bernier, J. Bousquet, éBlbis and H.
A. Margolis, 2015Family variation in the morphology and physiolodydite spruce (Picea glauca)

seedlings in response to elevated,@@d temperatureJournal of Sustainable Forestry, 34:3, 169-198,
http://dx.doi.org/10.1080/10549811.2014.980895

24



Colas,

Colas,

Colas,

Colas,

Colas,

OTHER PUBLICATIONS

F., 2014A new method to control drying of stratified seédhee Berthier Tree Seed CentiEree Seed
Working Group - News Bulletin. Canadian Forest GieseAssociation 59(July): 4-5.
http://www?2.gov.bc.ca/gov/DownloadAsset?assetld2883 6D93244EC84DFC18B46694049&filename=twsgnews
bulletin59.pdf

F., 2014Contréle du séchage des graines apres leur stratitn au Centre de semences forestiéres de
Berthier : implantation d'une nouvelle méthode pmrsées.Gouvernement du Québec, ministére des
Ressources naturelles, Direction de la recheratestiére. Avis technique SGRE - 9. 7 p.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Avis-techni@RESO. pdf

F. et I. Auger, 201/Détermination du nombre de milliers de semencekilmgramme au Centre de
semences forestieres de Berthier : évaluation dpréxision de la méthode utilisé&ouvernement du
Québec, ministére des Ressources naturelles, Dinedt la recherche forestiere. Avis technique SGRE
12 p.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Avis-techni@RES7 . pdf

F. et P. Baldet, 201Btilisation de la mesure de l'activité de I'eanup remplacer I'évaluation rapide de la
teneur en eau des semences a l'aide de I'hnumidiniddte 400 au Centre de semences forestieres de
Berthier. Gouvernement du Québec, ministéere des Ressoumgselfies, Direction de la recherche
forestiére. Avis techniqgue SGRE-6. 5 p.
http://www.mffp.gouv.qc.ca/publications/forets/camssances/recherche/Colas-Fabienne/Avis-techn-S&GRE-

F., P. Baldet et I. Auger, 20132 mesure de l'activité de l'eau: un outil de shpour la gestion des
banques de semencdsouvernement du Québec, ministére des Ressountasclies, Direction de la
recherche forestieére. Avis de recherche forestief0. 2 p.
http://www.mffp.gouv.gc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Avis50.pdf

Colas, F. and M. Bettez, 201Brom seed collection to seed storage: A Québecvier Tree Seed Working

Group - News Bulletin. Canadian Forest Geneticogisgion, 58(December): 7-11.
http://www?2.gov.bc.ca/gov/DownloadAsset?assetld=ABED535ED49B7A62B109DCBF20639&filename=tswgne

wsbulletin58.pdf

Colas, F. and J. DeBlois, 201Mlaximum tolerated differences between germinatésh teplicates with less than

100 seeds.Tree Seed Working Group News Bulletin. Canadian Forest Genetics Assamiati
60(December): 3-7.

Colas, F. et J. DeBlois, 201Bétermination des écarts maximaux acceptables desrguatre répétitions d'un test

de germination, lorsque la taille de I'échantillest inférieure a 100 graine&ouvernement du Québec,
ministére des Foréts, de la Faune et des Paras;tdin de la recherche forestiere. Avis technigG&RBE -
10. 13 p.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Avis-techn-SGRitH

Colas, F. et M.S. Lamhamedi, 2013ccurrence de plants chétifs de méléze hybrideépmigre : régie de culture

ou origine génétique®Bouvernement du Québec, ministére des Forétg Baune et des Parcs, Direction
de la recherche forestiére. Avis de recherche tiéresn® 66. 2 p.
http://www.mffp.gouv.gc.ca/publications/forets/camssances/recherche/Colas-Fabienne/Avis66.pdf

ORAL AND POSTER PRESENTATIONS

25



Bettez, M., 2013 Amélioration continue de la qualité : la préoccupat quotidienne du Centre de semences
forestieres de BerthierRésumé d'une conférenparu dans le Cahier du participant - Atelier sy le
semences forestiéres : un maillon clé des plamttite grande valeur. 3-4 décembre 2013. Berthirvil
Québec. p. 12-15.
http://www.mffp.gouv.qc.ca/forets/connaissancesiesche/atelier-conference-decembre-
2013/pdf/Resume_01_MBettez.pdf

Colas, F., P. Baldet, M. Bettez et A. Rainville,130Qu'ont en commun les pizzas surgelées et les graine
forestieres? La mesure de l'activité de lI'eRésumé d'une conférenparu dans le Cahier du participant -
Atelier sur les semences forestiéres : un mailléndes plantations de grande valeur. 3-4 décentiit8.2
Berthierville, Québec. p. 18-21.
http://www.mffp.gouv.gc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Resume-Conf-€uion
commun-AtelierSemences(dec2013).pdf

Colas, F. et M.S. Lamhamedi, 201&s clones somatiques : producteurs d'une nougélération de semences de
haute qualité génétiqueRésumé d'une conférence paru dans le Cahier dicipant - Atelier sur les
semences forestiéres : un maillon clé des plamttitle grande valeur. 3-4 décembre 2013. Berthirvil
Québec. p. 46-51.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Resume-Cordlhmess-
AtelierSemences(dec2013).pdf

Mehamha, A., P.Vuillaume et F.Colas, 20l4&abrication et caractérisation de nanocomposites
Argile/Polyéthyléne haute densité a I'état fondl-- Relation structures propriétés8Z Congrés de
I'ACFAS. 12-16 mai 2014. Montréal, Québec. 1 p.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Resume-corderenc
ACFAS-Montreal-mai2014.pdf

Mehamha, A., P. Vuillaume, E. Leclair et F. Col2§13. Comportement mécanique et rhéologique en régime
dynamique de systemes ternaires PEHD/PA6/ArgifleCongres de 'ACFAS. 6-10 mai 2013. Québec. 1 p.
http://www.mffp.gouv.qc.ca/publications/forets/caissances/recherche/Colas-Fabienne/Resume-conf-
ACFAS(2013).pdf

Mehamha, A., P. Vuillaume, E. Leclair, K. Pépin, Galas, P.Baldet et A. Rainville, 201&onception et
fabrication d'un contenant a base de PEHD/nanopatés d'argile Conférence présentée lors du Congres
de la Société de protection des plantes du Quékme 6 juin 2013. Québec. 44 p.

26



TREE IMPROVEMENT PROGRESS
AT THE DIRECTION DE LA RECHERCHE FORESTIERE

Mireille Desponts, Marie-Josée Mottet,
Pierre Périnet, Martin Perron, André Rainville

Direction de la recherche forestiére
Ministére des Foréts, de la Faune et des Parcs (MBF
2700, rue Einstein

Sainte-Foy (Québec) G1P 3W8

Keywords: white spruce, Norway spruce, black spruce, jaitle,phybrid larch, hybrid poplar, tamarack,
Septoria canker, controlled crosses, tree improwngmese selection, provenance tests, progeny
tests, climate change adaptation, molecular ceatifin, forest yield, seed orchards, low-cost
breeding strategy

INTRODUCTION

The goal of the MFFP breeding programmes is toesme yield of high quality wood for major refordéista
species while maintaining a high level of diversitglp to reduce the pressure on natural forestsctsvarieties
better adapted to expected local climate conditionthe coming decades and help in the implemeanmtatif
appropriate in situ or ex situ measures to consiemast genetic resources.

WHITE SPRUCE TREE IMPROVEMENT
André Rainville

Measures collected on white spruce seedlings framasic origin during two growing seasons in theseuy and
four years in clonal tests showed that early sielediased on nursery performance is possible. iésaarch scale,
clones selected for their high performance in thiesery could be the only one sent for further eatidun in clonal
test, thus reducing testing costs, while for openal reforestation, a subset of these clonesgessmtative of a
sufficient genetic diversity, could be made avddah a shorter period of time (Wahid et al. 2013).

A genomic selection project, leaded by Laval Ursitgrto which participates the MFFP, showed thé fpossible
to predict individual genetic values for growth amdod quality with a precision of 90% compared raditional
methods, thus reducing the length and cost ofttreeding cycles (Beaulieu et al. 2014).
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CLIMATE CHANGE ADAPTATION MEASURES
André Rainville

In a context of climate change, new transfer modelse developed; they predict future merchantablame of
white and black spruce plantations in Quebec uttieeffect of climate change. (Rainville et al. 202015). The
establishment of 9 new tests in the last threesyedl give the opportunity to confirm and even irape the white
spruce transfer model and, as a second objectiadyate realized genetic gain from improved makefirst
measures collected on this material, in the nurasryell as in the tests, gave an evaluation oiplygical and
morphological reaction of transferred provenan€zsles et al. 2015).

LARCH TREE IMPROVEMENT
Martin Perron

The second cycle of tamarack (Larix Laricina [Du]Ra Koch) improvement will be based on a low-insity and
low-cost breeding strategy, because of the low deimfmr tamarack seedlings for reforestation in (@aeb
Therefore in 2013, an old tamarack progeny trigh (&) was intensively thinned for the second tirased on the
31-year measurement. This genetic thinning leaves800 best of the original 11 500 trees. This @ngdrial will
now be used as propagation and breeding populafiiorttie next cycle of improvement in eastern Quefddis
selection will produce a predicted mean gain ofit® per tree (6%) (Perron 2014a, b). After good fldngyears,
we plan to collect seeds (open-pollinated mating)tlee best 240 parents and eventually establishprwgeny
trials. For the western Quebec improvement zon@sorement and thinning will be completed in the iognyears.

For hybrid larch, approximately 70% of the planmeaisses to establish the base population of thengdareeding
cycle have been completed and the first two smatjgny trials were established in 2012-2013.

JACK PINE TREE IMPROVEMENT
Mireille Desponts

Second-generation controlled crosses are still ioggfor two jack pine breeding populations. In 20a3opulation
for the southern part of boreal forest was compleBreeding work to create a population for thettmemn part of
the territory will begin in 2015.
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BLACK SPRUCE TREE IMPROVEMENT
Mireille Desponts

In spring 2014, two full-sib second-generation gnogtrials were established in the northeasterckidaruce zone.
Controlled crosses have been underway since 20d&2&be another population for the south and cetandtories.
The latter population will show high genetic divigrsand include numerous provenances from a laggetdry
between the 45° and 49° North latitudes, to allapesimentation on climate change adaptation.

The assessment of genetic parameters for wood niegoa our black spruce breeding populations gragressed
in 2013-2015. In situ measurements in two halfgipulations from boreal and mixedwood zones indi¢htt
modulus of elasticity (MoE) is variable and highilgritable. Selection for growth, density and MoBvim clonal
trials was completed in 2014 and will guide a semdhard thinning. The clonal heritability (repeali&y) estimate
for MoE is also high. Selection for improvementtafight growth, density and MoE could be profitafue all
traits. In 2013, samplings and growth measurematdl-sib families in two 21-year-old experimehtdantations
were completed in collaboration with Université bivto evaluate the feasibility of genomic selettifor
mechanical wood traits such as wood density antulosé microfibril angle (MFA). Preliminary resultsf
phenotypic measures indicate that genetic selefiolFA could be as profitable as MoE, a closediated trait.

NORWAY SPRUCE TREE IMPROVEMENT
Marie-Josée Mottet

Analysis of genetic tests established in 2002 shlotikat some provenances of Norway spruce (NS) alé w
adapted to the colder climatic conditions of thiséa fir-white birch bioclimatic domain. In thesests, growth of
NS was comparable to that of white spruce. SincasN®w mainly planted in Quebec’s northern Lacngaean
region, 3 provenance-progeny tests were establish2015 in order to recommend well-adapted proueaa for
the future.

Ten-year results obtained from full- and half-s#ists confirm that white pine weevil (WPW) resistiie under
moderate to strong genetic control for NS (Mottedle2014 and 2015). Future measurements in tiesse will be
useful for developing genomic selection methodgyfomth traits, wood characteristics and WPW rasist.

The Escourt seed orchard comprised of resistataienant genotypes has been producing seeds sixie 2

HYBRID POPLAR IMPROVEMENT PROGRAM
Pierre Périnet and Marie-Josée Mottet

For the 2013 to 2015 period, selection of advargmtkration parents of Populus species for botla-irdnd
interspecific hybridization is still ongoing in t@uébec hybrid poplar program. In 2013, 57 selettees of P.
deltoides (males and females) from the Litchfigidlt Ottawa Valley region, were collected and sssfully
propagated through cuttings. Field-collected brasclith staminate inflorescences from 17 trees vi@eed in
greenhouse for pollen production. Pollen was stémetbng-term conservation at -29° C.
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In spring 2015, 55 families of TxT and MxT, obtainffom the 2012 breeding, were planted in progeiast

Additional seeds from these progenies, stored énsiied bank collection since 2012, were used fegrgrouse
mass production of seedlings during winter 201&an&l will be established in the field for furtherakiation,

especially to achieve clonal selection for bionersd bio-energy production.

Several hybrid poplar populations from the 199698, 9and 2004 breeding programs are still underuatiain
through many clonal tests established in diffenegfions for local adaptation, vigor, and Sphaeaulfformely
Septoria) resistance. Promising clones of MxT, M¥BD, and MxN are expected soon to be released fhase
programs.

Spore trapping method has been developed to hettlrstand the epidemiology of Sphaerulina spp.ragasure
the effect of mitigation strategies in plantation.
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INTRODUCTION

This report summarizes our efforts and results obtained in forestry and environmental genomics and genetics over
the 2013-2015 period. The last two years have been crucial for the completion of the SMarTForests project - Spruce
Marker Technologies for Sustainable Forestry, under the Large-Scale Applied Genomics Program (LSARP) of
Genome Canada and the additional financial support of Génome Québec, Genome BC and Genome Alberta. The
project has been led by J. Mackay (Univ. Laval), J. Bohimann (Univ. of British Columbia), A. Yanchuk (BC Forests)
and J. Bousquet (Univ. Laval), and it also involved other research scientists from Univ. Laval (N. Gélinas), the Univ.
of British Columbia (K. Ritland, S. Jones, G. Bull), the Univ. of Alberta (J. Cooke), the Canadian Wood Fibre Centre
- CWFC (J. Beaulieu), Natural Resources Canada - RNCan (N. Isabel, A. Séguin), the Ministére des foréts, de la
faune et des parcs du Québec - MFFPQ (M. Perron, A. Rainville and M. Desponts) , BC Forests (A. Yanchuk) and
several collaborators worldwide. The emphasis has been put on expanding spruce genomic resources by
sequencing the genome of Picea glauca and resequencing its transcriptome to inventory gene SNPs, and
developing genomic prediction systems for assisting breeding operations including transcriptome-wide association
studies and genomic selection proof-of-concept demonstrations in Picea glauca and Picea mariana. The characters
considered are diverse and include pest resistance, wood quality, growth and phenology. In the following pages,
some of these achievements will be presented.

The large-scale applied project FastTRAC — Fast Tests for Rating and Amelioration of Conifers, has also been
launched in the Spring 2015 under the Genomics Applied Partnership Program (GAPP) of Genome Canada and the
additional financial support of Génome Québec, Forest Products Innovationd (FPI), CWFC, MFFPQ, J.D. Irving Ltd
(JDI), RNCan, the New Brunswick Tree Improvement Council (NBTIC) and the New Brunswick Department of
Economic Development. The project is lead by J. Bousquet from Univ. Laval and G. Smith from FPI-CWFC, and it
also involves scientists and practitioners from Univ. Laval (J. Beaulieu, N. Gélinas), FPI-CWFC (F. Robichaud and
Y.S. Park), MFFPQ (M. Campagna, M. Perron, A. Rainville and M.-J. Mottet), JDI (G. Adams and A. McCarthy),
NRCan (N. Isabel and K. Klimaszewska) and NBTIC (M. Fullerton). Its goal is to bring GS at the operational scale of
P. glauca and Picea abies advanced-breeding programs. Growth, wood quality and Norway spruce resistance to
weevil attacks are the targeted traits of GS predictive systems.
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Under the leadership of J. Bousquet, the Canada Senior Research Chair in Forest and Environmental Genomics
established in 2001 has been successfully renewed for a third mandate of seven years, from 2015 to 2022. It was
the first Canada research chair to have been successfully renewed for a third period.

Under the European Union Framework Program and the leadership of several European research organizations
and of M.T. Cervera (INIA, Spain), the ProCoGen (Promoting Conifer Genomics) large-scale project has also been
pursuing its activities where J. Mackay and J. Bousquet are involved in collaborative research including comparative
and functional genomics and genome mapping of European conifers.

During the last two years, the group has included N. Pavy as senior research associate and several postdoctoral
researchers: B. Hornoy, J. Prunier, G. Parent, G. De Lafontaine, A. Azaiez, A. Atangana, G.F. Vodouhe (now
assistant prof. at the Univ. of Benin), N. Dhital (now for the Saskatchewan Forest Dept.), P. Lenz (now for CWFC)
and T. Doerksen (now for BC Forests). Many graduate students have been involved in the diverse research
projects, including at the MSc level F. Comté, G. Germanos, B. Marcos, M.B. Nadeau (now CEO of Viridis Terra
Innovations Co.), R. Serra (now agroforestry specialist for Québec Federation of Forestry Cooperatives), G. Tessier,
E. Yusufu Kachaka (now lecturer at the Univ. of Kinshasa), E. Warren; and, at the PhD level, G. Adoumandijali, A.M.
Andrianandrasana, B. Cinget, B. Dufils, K. Jordaan, E. Kimpembe Ndinga, M. Lamara, T. Lubalega, C. Mendez-
Espinosa, A. Ntumba Tshinyama, F. Omondi, E. Raherison, D. Ratahiriarisoa, A. Sahli, J. Stival Sena, J. Umba, J.-
P. Verta (now postdoc in Tlbingen, Germany), and G. Wani (now postdoc at the Univ. of Kashmir).

As this period ends, J. MacKay is also preparing to leave Univ. Laval for a newly created position at the Univ. of
Oxford in the United Kingdom. I. Porth from UBC will be integrating his position in functional genomics during the
Summer of 2015. J. Beaulieu also retired from the Canadian Forest Service in 2014 and given that he has been
collaborating with the group for many years, he is now a regular member of the Canada Research Chair in Forest
and Environmental Genomics and as invited professor at the Department of Wood and Forest Sciences of Univ.
Laval

PHYLOGEOGRAPHY AND GENETIC DIVERSITY AT THE GENOME LEVEL
(LEADER JEAN BOUSQUET)

Over the last two years, as part of our ongoing work of the phylogeographical atlas of conifers, several additional
range-wide phylogeographical studies have been completed. The phylogeographical study of the cosmopolitan
Abies balsamea using cpDNA and mtDNA markers (Cinget et al. 2015a and PhD thesis of B. Cinget) has revealed
new glacial refugia in central North America and has confirmed controversial refugia on the northeastern coast of
North America. Contrary to other largely distributed boreal conifers, there was a large congruence between cpDNA
and mtDNA geographical structures in spite of different transmission of chloroplast and mitochondrial genomes in
the Pinaceae (respectively paternally and maternally), indicating limited cpDNA gene flow in balsam fir compared to
other boreal conifers such as jack pine, white spruce or black spruce. Reduced pollen gene flow could be due to the
morphology of Abies large pollen grains and/or recurrent spruce budworm epidemics that afflict the demography of
the species. The phylogeography of Larix laricina using cpDNA and mtDNA markers (M.Sc. thesis of E. Warren,
manuscript in revision) has also been completed, revealing geographic patterns largely congruent with that of other
widespread boreal conifers, with well delineated eastern and western glacial lineages. The cpDNA diversity and
population structure of endangered mountain spruces such as Picea mexicana in the Sierra Madre of northern
Mexico and Picea rubens in the Appalachian Mountains of eastern North America has also been investigated
(Jaramillo-Correa et al. 2015). The genetic data revealed the signature of population declines for both species, with
a quite ancient and severe bottleneck for P. mexicana dating back at least to the last interglacial, and a somewhat
less severe and likely more recent bottleneck for P. rubens.

The study of the hybrid zones is also a common theme of our research program, not only for purposes related to the
management of natural genetic resources, but also to better understand the evolutionary trajectory of these zones
and their implications for differential adaptation and speciation in trees. A study has been completed in western
Canada where A. balsamea and Abies lasiocarpa come into contact in western Alberta, by using species-specific
paternally inherited cpDNA and maternally inherited mtDNA markers (Cinget et al. 2015b and PhD thesis of B.
Cinget). The results indicated limited introgression outside the zone of contact and the stability of the zone for the
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greater part of the Holocene since the first postglacial contact. This is in contrast to the zone of contact between
Pinus contorta and Pinus banksiana currently in western Alberta, which was shown to have extended much further
to the east during the middle Holocene using species-specific mtDNA and cpDNA markers (see our previous report
and Godbout et al. 2014 for a review).

A study of the patterns of introgression in eastern North America between P. mariana and P. rubens using gene
SNPs spread on the 12 spruce chromosomes has been completed. The results indicate that while most of the loci
were selectively neutral, some permeable loci were more subject to introgression, indicative of ancestral
polymorphism along with balancing selection. A smaller set of loci spread over 10 chromosomes was observed.
They are reflecting impermeable regions, thus indicative of species boundaries and ongoing divergent selection and
speciation. Together, these heterogeneous patterns indicate a young and incomplete speciation process between
these progenitor-derivative species.

In the footsteps of our pioneering studies on spontaneous hybridization and introgression between exotic and native
species in the genus Populus (see our previous report), we have pursued similar studies in the genus Larix with
similar finding regarding variable spontaneous rate of hybridization and hybrid recruitment depending on the local
abundance of the native species L. laricina (Meirmans et al. 2014). A multi-locus phylogeny of the genus Fraxinus
has been reconstructed with all species worldwide with new insights on the long-term evolution of temperate tree
species and interesting phylogeographical implications in various parts of the world (Hinsinger et al. 2013). In
addition, ancient contact and reticulation during the milder climate period preceding the final elevation of the
Himalayas has been observed between nowadays-disjunct Asian and European lineages (Hinsinger et al. 2014).

In collaboration with the Univ. Autonomous of Mexico (J.P. Jaramillo-Correa), a study comparing the variation of a
STR-rich mitochondrial intron (nad5-4) with 11 mtDNA genes devoid of STRs within the genus Abies and in other
Pinaceae has revealed that the regions flanking the STRs harbored mutation rates as low as those estimated in
mitochondrial genes devoid of repeated stretches, and that repeated stretches are common in all sorts of plants
including angiosperms, but their accumulation in STR hotspots appears to be taxon-specific (Jaramillo-Correa et al.
2013). Thus, the study suggests a new mutagenic role for repeated sequences in the plant mitochondrial genome.

These phylogeographical and genetic diversity studies have implicated various collaborators including the late Tom
Ledig (Univ. of California at Davis and member of the North American Forest Commission), who unfortunately
passed away in May 2015, and who has devoted much of his fruitful professional life to the conservation genetics of
endangered species. They also included the collaboration of J.P. Jaramillo-Correa (Univ. Autonomous of Mexico),
D. Hinsinger and N. Frascaria-Lacoste (Univ. of Paris at Orsay and AgroParisTech), P. Meirmans (Univ. of
Amsterdam), M. Perron (MFFFP), and N. Isabel (NRCan).

ASSOCIATION STUDIES, QTLS AND GENOMIC SELECTION
(LEADER JEAN BOUSQUET)

Under the SMarTForests project, genomic selection (GS) approaches have been developed for P. glauca based on
the discovery of high-confidence gene SNPs for most of the transcriptome (Pavy et al. 2013a) and the development
of high-throughput genotyping chips containing large numbers of SNPs using the Illumina Infinium technology (Pavy
et al. 2013b). GS approaches have been tested for both a large effective size population of half-sib families
(Beaulieu et al. 2014a) and a small effective size population of full-sib families as part of the advanced breeding
population of MFFPQ (Beaulieu et al. 2014b). On average, accuracies of around 0.40 and around 0.80 were
respectively obtained for populations of half-sibs and full-sibs, and for characters such as mature growth, wood
density and micro-fibril angle. Accuracies were marginally higher for wood density, reflecting the higher heritability
for this trait. Much of the accuracy appeared based on relatedness and long-range linkage disequilibrium (LD)
rather than short-range LD between quantitative trait loci (QTLs) and markers, and given that the accuracies
obtained with the population of half-sibs were about half of those observed for the population of full-sibs, because of
the large number of fathers siring half-sibs. The trend was also the same for conventional models using mature field
data to estimate breeding values. There was little loss of accuracy when including different test sites into the same
GS model or by applying a GS model developed for one site to another one, reflecting little genotype x environment
interactions as usually seen in populations of eastern white spruce. GS models did very well by recovering 90% of
the accuracy and genetic gains obtained by using conventional models at the mature age. So, even if they are
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marginally less precise, much larger gains per unit of time could be achieved by using predictive GS models at an
early age (Beaulieu et al. 2014b). The study on full-sibs was conducted in collaboration with MFFFP (A. Rainville).

Regarding P. mariana, another highly reforested species in eastern Canada, a QTL and an association genetics
study for growth and phenology traits based on a candidate gene SNP approach has also been conducted (Prunier
et al. 2013), in collaboration with scientists from NRCan (N. Isabel and J. Beaulieu) and MFFFP (M. Desponts).
While identifying small effect QTLs involved with these traits, the study indicated that the approach of including
gene SNPs previously tested positive in environmental association studies or segregating in DNA pools made of
extreme phenotypes for adaptive characters resulted in a much higher rate of positives that the traditional approach
solely based on random SNPs from candidate genes. It also showed that cohorts of positive SNPs overlapped
partially among the different years when the population was assessed, indicating partially changing sets of genes
involved. A large SNP resource made of nearly a hundred thousand high-confidence gene SNPs obtained after
exome capture has been constructed and validated by genotyping (Pavy et al. submitted). An Infinium genotyping
chip has also been constructed and is being used to test GS in advanced-breeding populations of MFFFP (Lenz et
al. in preparation with the collaboration of MFFFP, M. Desponts). Similar gene SNP resources have also been
developed for P. abies (e.g. Pavy et al. 2013b) and a genotyping chip has been developed and used collaboratively
to build a gene map and identify QTLs related to P. abies resistance to Heterobasidion by a Swedish group (M.
Lascoux, J. Stenlid, M. Lind, T. Kallman et al.) (Lind et al. 2014).

FUNCTIONAL GENOMICS OF WOOD TRAITS AND INSECT RESISTANCE
(LEADER JOHN MACKAY)

The research under this theme spanned three areas: gene expression profiling, functional genomics of wood
formation and secondary metabolism, functional genomics of insect resistance. It aims to enhance our
understanding of the conifer transcriptome as it relates to diversity and genetic architecture of complex traits.

Our activities in the area of gene sequencing have led to the development of DNA chip for analyzing gene
expression comprehensively; it is comprised of an oligonucleotide microarray (MA) representing 23,853 genes
(Raherison et al. 2012). We have used this microarray to investigate various aspects of tree growth and
development as well as spruce budworm resistance. We have carried out a first survey of gene expression variation
across the major organs and tissues in white spruce (Picea glauca (Moench) Voss) (Raherison et al. 2015). This
analysis highlighted the modular organization of the white spruce transcriptome and revealed its functional
organization. We used these data to reconstruct gene expression networks particularly focusing on the contrast
between earlywood and latewood and thus identified potential regulators of wood formation. One of these candidate
regulators (the gene PgNAC-7) was specific to early wood and was independently shown in spruce to activate the
expression of several secondary cell wall enzymes involved in lignin and cellulose synthesis, and MYB transcription
factors (Duval et al. 2014). Over the years we have reported on several of these MYB transcription factors showing
that they form a large gene family which includes members involved in wood formation and in defense responses.
Recently, we showed that these to major classes of MYB transcription factors may be antagonists with some acting
as activators and others acting as repressors of the same enzyme encoding genes (Bomal et al. 2014). Together,
these studies provide us with a more complete picture of the genes that regulate wood formation, their activities and
interactions.

Gene expression profiling also enabled the recent discovery of a gene with a major effect in natural resistance
against the spruce budworm (Mageroy et al. 2015), with end goal to provide tree breeders with informative markers
for this trait. We used microarray profiling to show that a sequence encoding a glycosyl hydrolase (PgbetaGlu-1)
was very strongly expressed in trees that clearly resisted to spruce budworm defoliation, and had very weak
expression in non-resistant trees. The variation in expression was genetically heritable and closely correlated with
accumulation of phenolic compounds that are toxic to spruce budworm larvae. We are presently investigating the
extent of natural variability in this gene’s expression and in the accumulation of the phenolic compounds in breeding
populations and in forests presently infested by spruce budworms.

Comparing groups of trees that are of different genetic backgrounds or have contrasted phenotypes is also
producing promising results in other areas of investigation. These include the ability of vegetative buds to undergo a
transition toward somatic embryogenesis (Rutledge et al. 2013). By comparing different genotypes that respond
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different to somatic embryogenesis induction treatments it was shown that stress response genes may prevent the
reversion to the embryogenic state.

We previously reported on the development of a novel experimental approach in which the haploid
megagametophyte is used to characterize heritable variation in gene expression within individual trees (Verta et al.
2013). In a further study, we used both the haploid megagametophyte and the diploid embryo from the same seeds
to investigate the genetic architecture of gene expression variation in white spruce (Verta et al. 2014). The study
outlines the genetic landscape effects and the mode of action in enabling gene expression variation; it provides
insights into the impact of evolutionary forces on gene expression.

GENOME SEQUENCING AND ANALYSIS
(LEADER JOHN MACKAY)

As part of the SMarTForests project, we recently contributed to a report describing the sequence of the entire
genome of white spruce (Birol et al 2013; De la Torre et al. 2014). We have made several updates and
improvements to the genome assembly (Warren et al. 2015). Improvements have been achieved by sequencing a
second white spruce genotype and using it to resolve the structure of the white spruce genome, and developing
custom bioinformatics solutions; however, we have found that the overall assembly remains relatively fragmented,
meaning that further improvements are needed. The Picea glauca genome sequencing and assembly data are
available through NCBI (accession #: ALWZ0100000000 PID: PRJNA83435 at
http://www.ncbi.nlm.nih.gov/bioproject/83435). We have also collaborated with Swedish scientist’s sequencing the
P. abies genome. Recently, our genome data were uploaded and made publicly available in the ConGenie
database which integrates both the white spruce and the Norway spruce genome sequences. This integrate
database is expected to facilitate comparisons between species.

We have also carried out a fine-scale analysis of the evolution of gene structure in P. glauca focusing on the
structures of the 35 genes which were compared with Populus trichocharpa, Arabidopsis thaliana and Zea mays.
The number and length of exons was well conserved but on average P. glauca genes had two to four times more
intronic sequence than flowering plants, due to the presence of a few long introns. We found that longer introns do
not seem to hinder or otherwise impact levels of gene expression despite the likely higher energetic cost for
transcribing genes with long introns (Sena et al. 2014)

MOLECULAR ECOLOGY, ENVIRONMENTAL GENETICS AND MANAGEMENT - INTERNATIONAL LEVEL
(LEADER DAMASE P. KHASA)

At the international level, the first comprehensive textbook on tropical agroforestry (Atangana et al. 2014) has been
published by Springer. It includes all aspects of agroforestry in the tropics to date including emerging issues, such
as agroforestry for integrated pest management, biofuel production, carbon sequestration, mitigation of climate
change and REDD+ (reducing emissions from deforestation and forest degradation, including conservation and
sustainable management of forests and the enhancement of forest carbon stocks) process. The textbook is
intended for agroforestry students, teachers and practitioners. This work involved several collaborators including A.
Atangana and S.X. Chang (Univ. of Alberta), and A. Degrande (World Agroforestry Centre). It was conducted within
the framewaork of the Training Project in Natural Resources Management in the Congo Basin led by D.P. Khasa and
supported by the Dept. of Foreign Affairs, Trade and Development Canada, DFAIT (2008-2013). The Agroforestry
program at Univ. Laval is unique in Canada and is now expanding in tropical French speaking countries through
international projects on training in management of natural resources, and with the use of digital learning tools to
reach more students on-line (Khasa et al. 2015).

The study on provenance-progeny variation in survival rate and growth parameters of Irvingia gabonensis seedlings
in native production zones of Cameroon is now completed (Onguene, Fouda, Atangana, Khasa, in preparation).
This work showed that the survival rate of I. gabonensis seedlings was negatively correlated with altitude, and
varied greatly with provenances and tree-within provenance. The best progeny was from a transitional locality, in
spite of considerable dissimilarity in provenances and tree-within provenance in survival rate, leaf number, seedling
volume and total biomass. The lowest progeny performance was recorded in southernmost provenances. Progeny
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performance was positively and significantly correlated to provenance geographic localities. Moderate to high
heritability values characterized leaf number, seedling volume ant total biomass. This work involved the
collaboration with N. A. Onguene (Institute of Agricultural Research for Development) and J.C. Fouda (Univ. of
Yaoundé). Under the supervision of L. Bernier (Univ. Laval), PhD student J. Djeugap Fovo (now lecturer at the Univ.
of Dschang, Cameroon) has recently completed his thesis on germination constraints and interspecific diversity of
pathogenic fungi associated with Ricinodendron heudelotii in Cameroon, with the support from the Training Project
in Natural Resources Management in the Congo Basin. A review paper from this thesis has highlighted the
constraints and opportunities of tree domestication of this agroforestry species in Cameroon (Djeugap et al. 2013).

With the support of the Agence universitaire de la francophonie (AUF) and NSERC, we have completed the work on
the impacts of monospecific exotic and native tree species plantations on the diversity and abundance of
mycorhizobial communities and the physico-chemical soil properties in the Sahelian area (Sene et al., 2013a,b).
The work provided information about the natural legume nodulating rhizobia and arbuscular mycorrhizal fungi
communities associated with a range of old tree plantations and some aspects of their relationships to soil factors,
which may facilitate the management of man-made forest systems that target ecosystem rehabilitation and
preservation of soil biota. We have also completed a study on the impact of mycorrhizal inoculation on the
development of Intsia bijuga grown on soil under exotic species Casuarina equisetifolia plantation in Madagascar
(Ratahiriarisoa et al. 2014). The results showed that ectomycorrhizal inoculation caused a significant increase in
phosphorus and nitrogen contents in plant leaves, and in soil assimilable phosphorus, total microbial activity and
carbon. Consequently, an increase of the aboveground biomass was observed. Another study conducetd in
Madagascar showed that the propagation of an invasive species, Grevillea banksii, affects the dynamics of
mycorrhizal fungi communities associated with native tree species (Andrianandrasana et al. 2014). In the latter
study, it was found that the development of G. banksii was accompanied by a high formation of cluster roots and
that soil occupied by G. banksii decreased the global microbial and phosphatase activities. Consequently, G.
banksii disturbs the structure and the dynamics of symbiotic microflora such as arbuscular mycorrhizal fungi and
rhizobia associated with two native tree species (Intsia bijuga and Dalbergia trichocarpa). The findings illustrate the
negative impact of G. banksii propagation on the regeneration and the conservation of native tree species in
Madagascarian forest. In the context of community management of natural resources in Madagascar, strategies like
more equitable distribution of wealth, environment improvement and evolution of control management responsibility
for protected areas from the government of Madagascar to local communities, under the jurisdiction of community
forest management committees, are crucial to achieve a more sustainable management plan based on community
natural resources (Aymoz et al. 2013, Dhital et al. 2015).

With the support of NSERC and DFAIT through the Canadian Bureau for International Education (CBIE) under the
framework of the Graduate Students' Exchange Program (GSEP), the work on the biology and biogeography of
Eurasian invasive species is progressing well with important breakthroughs for Conyza canadensis. First, we have
shown with well replicated transcontinental field studies, glasshouse experiments and individual-based models, that
Conyza canadensis suppresses plant diversity in its nonnative ranges but not at home (Mnzaoor et al. 2014).
Second, we have demonstrated greater diversity of restriction groups (RGs) and sequence groups (SGs) of the
PCR-RFLP of SSU rRNA gene in Conyza rhizosphere in native than in non-native sites (Mnzaoor et al. 2015). In
the introduced region, however, the arbsucular mycorrhizal fungi (AMF) diversity was more in uninvaded than in
invaded sites. The species composition of AMF varied significantly between native and non-native regions and so
also between invaded and uninvaded habitats. Though difference in AMF diversity between Conyza invaded and
uninvaded sites may be attributed to invasion, the role of other evolutionary factors seems likely for differences
between the native and non-native regions. We suggest that the ecological processes underlying these evolutionary
differences in two biogeographic regions, besides the intensity of urbanization, might play some role in these
differences. We have also used this simple and cost effective PCR-RFLP followed by sequencing to study the
molecular diversity of ectomycorrhizal communities in Eucalyptus urograndis monocultural and silvopastoral
plantation systems in Brazil (Pickford, Bousquet, Kasuya and Khasa, in prep.). The results showed significant
differences in diversity indices between the agroforestry system and the other two systems. The phylogenetic
analysis of the fungal ITS sequences revealed high diversity of Thelephoraceae in the three systems.
Sclerodermataceae and Hydnangiaceae were not as diversified as Thelephoraceae, but amongst the most
abundant.

MOLECULAR ECOLOGY, ENVIRONMENTAL GENETICS AND MANAGEMENT - CANADIAN LEVEL
(LEADER DAMASE P. KHASA)
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For our work at the Canadian level, we have pursued the development and use of molecular markers in ecological
studies of mycorrhizal fungi and plants. We are currently optimizing new microsatellite markers isolated from
Pisolithus tinctorius and Rhizophagus irregularis (formerly Glomus irregulare), two model mycorrhizal fungal
species. We also have developed novel CpDNA polymorphic microsatellite markers for phylogeographic
implications in Lemna minor, another invasive aquatic species (Wani et al. 2014). These new chloroplast
microsatellite markers for L. minor and haplotype distribution patterns indicate a complex phylogeographic history
that merits further investigation.

Significant progress has also been made at the in vitro, in vivo and field levels for enhanced revegetation and
reclamation of oil sands disturbed sites using actinorhizal and mycorrhizal biotechnology. Relationship between
genetic variability in Rhizophagus irregularis and tolerance to saline conditions has been established and led to the
selection of a salt-tolerant isolate that could, in the future, be used to pre-inoculate plants used in reclamation of
saline substrates produced by oil sand industry (Campagnac et al. 2013). The growth and development of both
green (Alnus viridis ssp. crispa) and speckled (Alnus incana ssp. rugosa) alders in varying proportions of oil sands
process-affected materials (OSPMs) mixed with pristine sand (from 0 to 100 %) both in the presence and the
absence of their symbiont, Frankia sp, showed that alder survival was not impaired by the presence of OSPMs,
although symbiosis establishment was less efficient when the alders grew in pure OSPM residues (Bissonnette et
al. 2014). Actinorhizal alders are very tolerant to OSPMs: when grown in pure OSPMs (100%), their dry biomass
was 15 times greater than that of non-nodulated alders. Moreover, symbiotic alders allocated a higher proportion of
their biomass to aerial parts, regardless of the OSPM percentage, whereas non-symbiotic alders showed a greater
biomass investment in roots. When symbiosis was present, the alders thrived and produced a large amount of
biomass that was highly correlated to the total nodule biomass. The pre-inoculation of alder seedlings in commercial
greenhouses prior to their outplanting on OSPM-affected reclamation sites could significantly accelerate their
growth and development. The effectiveness of ectomycorrhizal inoculation at the tree nursery seedling production
stage on growth and survival was examined in P. banksiana and P. glauca trees planted in oil sands reclamation
sites (Onwuchekw et al. 2014). The results suggest that the inoculation of conifer seedlings with ectomycorrhizal
fungi could potentially be carried out on a large scale in tree nurseries to benefit postplanting performance in oil
sands reclamation sites. However, these practices should take into consideration the differences in responses
between the different plant species and fungal strains.

The BIOFILTREE project jointly funded by I'Agence nationale de la recherche of France (ANR) and the NSERC
international strategy is not completed. This work involved the isolation, identification, and selection of Frankia,
ectomycorrhizal and endophytic fungi for reclamation of gold mining sites. Several ectomycorrhizal and endophytic
fungal isolates were isolated from the mining and natural sites and characterized using molecular approaches.
Three field trials (2011, 2012, 2013) were established in gold mine tailings in Val d'Or in the Abitibi-Témiscamingue
region of Québec, by exploiting actinorhizal and mycorrhizal symbioses and amendment treatments. Metagenomics
of the microbial communities over time and space as well as the physiological and gene expression studies of the
micro- and macrocosm experiments were conducted. Two MSc students enrolled at the Univ. of Sherbrooke, one
MSc student at McGill Univ. and one MSc student and one postdoc at Univ. Laval were involved in these studies.
Several publications arising from this project are now in preparation. The synopsis of the results was presented at
two major Mine Closure conferences 2014 and 2015 (Nadeau et al. 2014, 2015). Our results suggest that
inoculating seeds or seedlings with site-adapted microbial inoculants such as ectomycorrhizal (ECM) fungi,
arbuscular mycorrhizal (AM) fungi, ericoid mycorrhizal fungi, nitrogen-fixing bacteria (e.g. Rhizobium sensu lato,
Frankia spp.), and plant growth promoting rhizobacteria (PGPR), before outplanting, can tremendously increase
plant health, growth, and establishment success on mining sites. The work aimed at assessing people’s perception
of and expectations for mine site restoration, particularly phytoremediation strategies, and analyses of their
preferences for species that were used in phytoremediation, using multiple correspondence analysis as
implemented in the software XLSTAT, showed that people’s perception is influenced by the effects of mining
activities on human health and region attractiveness (Vodouhe and Khasa 2015). Among restoration methods,
phytoremediation was rated positively (65.2%) with regard to its environmental potential, aesthetic and
consideration for future generation followed by fillings and excavating. According to them, mine sites need to be
restored at any costs and shrubs are their preference as vegetation component for restoration because of their
quick growth compared to trees and worries that trees can be harvested by logging industry before site
rehabilitation is fully completed. In terms of weed management of future plantations, it has been shown that sheep
vegetation management could be an ecologically effective method for controlling competing vegetation in young
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conifer plantations in the central interior of British Columbia and thus, could increase annual tree growth (Serra et
al. 2014).

QUANTITATIVE GENETICS AND CLIMATE CHANGE RESEARCH
(LEADER JEAN BEAULIEU)

We compared height of 15-year-old white spruce full-sib families obtained by crossing trees from the same
provenance and trees from different provenances (Doerksen et al. 2014). Height means differed between intra- and
inter-provenance crosses, which we hypothesized was due partly to unidentified relatedness among intra-
provenance base parents resulting in mild inbreeding and inbreeding depression among their offspring. A dense
array of 5,844 single nucleotide polymorphisms was used to directly construct a genomic relationship matrix (G) that
had four elements ranging from 0.17 to 0.24, between five intra-provenance base parents. Adjusting the numerator
relationship matrix for this relatedness among base parents produced inbreeding coefficients of F; = 0.1 in their
offspring, which displayed depressed height growth. Accounting for inbreeding level as a covariate in a mixed model
decreased grossly overestimated (up to 2x) dominance variance in models without the covariate adjustment. Height
growth decreased 39 cm (~ 6 %) for every 0.1 increase in F;.

Quantitative genetics studies were also carried out in collaboration with Prof. Cuauhtémoc Saenz Romero of the
Univ. Michoacana de San Nicolas de Hidalgo, Mexico. Due to climatic change, it might be expected that in the next
years, the habitat of Pinus hartwegii Lindl. could sharply decrease. It is then convenient to establish conservation
strategies that diminish or counteract the effects of the climatic change. However, a first step in establishing
conservation measures is to quantify the adaptive variation of the species and the evolutionary forces that may
have shaped it. To understand the evolutionary forces acting on P. hartwegii populations, patterns of genetic
variation, assessed through quantitative traits and isozymes, were compared in 12 natural populations along an
altitudinal transect in Michoacan, Mexico, by estimation of Qst and Fsy statistics (Viveros-Viveros et al. 2014).
Although significant genetic differentiation among populations was found for quantitative traits and isozymes, most
of the quantitative traits showed a strong clinal pattern of variation associated with site elevation, but not for
isozymes. Average Qst value (0.200) was higher than Fsr value (0.127), but was not significantly different. Results
indicate that natural selection, imposed by the altitudinal environmental gradient, is acting on quantitative traits,
while other evolutionary forces, like genetic drift and gene flow, are acting on isozymes.

In collaboration with H.A. Margolis (Univ. Laval) and M.S. Lamhamedi (MFFPQ), and with funding obtained from
FRQNT, we carried out a study aiming to gain insight into the stability of P. glauca family genetic response to
climate change (Carles et al. 2015). Seedlings from 60 full-sib families were subjected to a combination of two
temperature regimes and two levels of CO, over two growing seasons. A series of morphological, phenological and
physiological traits were assessed on the seedlings during their first three years of growth. We observed that
warmer temperatures and CO, elevation had a positive effect on the height and diameter growth of 2- and 3-yr-old
white spruce seedlings full-sib families. Instantaneous water use efficiency was the only physiological trait that was
affected positively by the CO, treatment, showing a 51% increase that was consistent across families. The absence
of significant family x treatment interactions suggests that performance of this set of families would not be
decreased by the anticipated climate change under the conditions of high water availability used in this experiment.
However, only traits at the juvenile stage were considered in the present study.

In collaboration with S. Rossi (Univ. du Québec at Chicoutimi), a study has been initiated to quantify genetic
variation associated to budburst in boreal populations of P. mariana, which is a key determinant of their adaptation.
While previous results by Rossi’s group have shown extensive year-to-year variation and plasticity for this trait, the
early results of a replicated experiment in greenhouse indicated that significant variation among boreal provenances
exists, with earlier and quicker budburst for northern populations. Significant variation among families within
provenances was also noted, as previously for budset in P. mariana and as previously observed for P. glauca and
for other conifers. Notwithstanding gene flow and through recombination and natural selection, this variation should
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contribute to local adaptation of the next generation in the context of naturally-regenerated forests facing climate
change (Rossi and Bousquet 2014).

The rapid rate of current and expected climate change is expected to exceed the capacity of many tree species to
adapt locally, putting them at risk of extirpation at a local or regional scale, and even over a large part of their
current distribution range. Data from white spruce, black spruce and jack pine provenance tests established in
Québec were used to develop transfer models with the aim to provide indirect estimations of the potential response
of provenances to rapid climate change. These models integrate several climate scenarios to predict future height
gains or losses for different time periods, or for different sites following a seed source transfer (Rainville et al. 2014).
For P. mariana and P. glauca, the potential effects of climate change were estimated in terms of future yield in
merchantable volume (m®ha) rather than height growth. Simulations showed that in the short term (2046-2065),
white spruce plantation yield from local seed sources is expected to increase in all three of Quebec’s bioclimatic
domains because of a positive effect of climate change, especially in the north (balsam fir and black spruce
domains). However, during the following period (2081-2099), productivity would slightly decrease in the sugar
maple and balsam fir domains. The contribution of climate variables and climate models to total error of predicted
yield is small for P. glauca plantations. For P. mariana, a slight yield increase is predicted in the short term in the
balsam fir and spruce domains, but productivity could drop by one-third in the sugar maple domain. For the longer
term (2081-2099), the error associated with P. mariana plantation yield predictions, mainly due to climatic factors, is
too large to allow accurate predictions. For P. banksiana, the transfer model proved ineffective in predicting future
plantation yield in Québec. These results allow the choice of the best adapted seed sources (local seed orchards) to
plant in different regions of Québec, in order to counter the anticipated productivity losses due to climate change or
to maximize future yields of black spruce and white spruce plantations. This strategy should help the Québec
reforested forests to adapt to future climate and maintain their overall productivity. Even so, based on our
predictions, an important loss of productivity is expected for P. mariana plantations in the sugar maple domain, no
matter which seed source is used.

One-year-old P. glauca seedlings derived from somatic embryogenesis and produced by JDI were studied in
microgravity conditions in the International Space Station (ISS) and compared with seedlings grown on Earth (Rioux
et al. (2015). Leaf growth was clearly stimulated in space whereas data suggest a similar trend for the shoots.
Needles on the current shoots of ground-based seedlings were more inclined towards the stem base than those of
seedlings grown in the ISS. Amyloplasts sedimented in specialized cells of shoots and roots in seedlings grown on
Earth while they were distributed at random in similar cells of seedlings tested in the ISS. In shoots, such
amyloplasts were found in starch sheath cells located between leaf traces and cortical cells whereas in roots they
were constituents of columella cells of the cap. Nuclei were regularly observed just above the sedimented
amyloplasts in both organs. It was also frequent to detect vacuoles with phenolic compounds and endoplasmic
reticulum (ER) close to the sedimented amyloplasts. The ER was mainly observed just under these amyloplasts.
Thus, when amyloplasts sediment, the pressure exerted on the ER, the organelle that can for instance secrete
proteins destined for the plasma membrane, might influence their functioning and play a role in signaling pathways
involved in gravity-sensing white spruce cells.

RESEARCH ON WOOD PROPERTIES
(LEADER JEAN BEAULIEU)

A series of additional studies were carried out on P. glauca wood properties. Tree growth, as measured via the
width of annual rings, is used for environmental impact assessment and climate back-forecasting. We studied this
natural process at various scales in white spruce stems (from cell and fiber within a growth ring, to ring and entire
stem) in one, two, and three dimensions (Dutilleul et al. 2014). A new approach based on computed tomography
scanning was developed to study tree growth and wood density (indirect measures) in 3D from stem sections, at a
scale sufficiently small to allow the delineation of reliable limits for annual rings and large enough to capture
directional variation in growth rates. Graphical and quantitative analyses were reported for white spruce trees with
circular vs non-circular growth.

There is a growing interest in improving knowledge on wood quality of forest resources to allow for an end-product
oriented supply for the wood-processing industry. We investigated the differences of P. glauca wood traits from 13
ecological regions of the province of Québec and identified climatic and geographic variables and tree
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characteristics that may help predict wood traits (Lenz et al. 2014). One hundred and eleven wood disks were used
to determine wood traits that are related to wood anatomy and to mechanical use of wood. The results indicate
significant differences between ecological regions for most of the investigated wood traits. Samples from several
coastal regions showed, for example, wood anatomy that is advantageous for some pulp and paper grades, but
they offer comparatively weak estimates for mechanical applications. Ordination and projection to latent structures
allowed us to identify maximum temperature, degree days, geographic location, tree height, and tree diameter as
important predictor variables for wood traits. The quality of models was variable and R’ values ranged from 0.13 to
0.59. Prediction errors in an independent sample were mostly below 10%, and bias was below 5%. Although the
prediction of wood mechanics was less precise, positive results are an encouraging step toward obtaining a wood
trait signature for different environments (provenances).

The establishment of patterns of radial and longitudinal variations and the development of models to predict the
wood anatomical properties, especially from juvenile wood, are of interest for both wood industry and researchers.
Linear regressions were used to predict whole-tree, breast height and mature tracheid length and diameter in P.
glauca and the West-Brown-Enquist (WBE) model was used to predict the variation of tracheid diameter (Mvolo et
al. 2015a). Tracheid length and diameter increased from pith to bark. Tracheid length decreased, while tracheid
diameter increased from apex to lower heights. Cambial age was the most important predictor of tracheid length.
The final tracheid length models with either a log transformation or a third-order polynomial of cambial age
explained 82% of the variation in the whole-tree tracheid length. At breast height, 83% of the variation in the whole
tracheid length was explained using the juvenile value at a cambial age of 3 years. Up to 87% of the variation was
explained by the model, including the average value of juvenile wood. However, mature wood tracheid length at
breast height could not be predicted from juvenile wood. Distance from the apex predicted the tracheid widening in
outer rings but failed to predict tracheid expansion of samples collected at fixed cambial ages. The WBE model
explained 86% of conduit widening in the outer rings.

Estimations of transition age (TA) and juvenile wood proportion (JWP) are important for wood industries due to their
impact on end-product quality. However, the relationships between analytical determination of TA based on tracheid
length (TL) and recognized thresholds for adequate end products have not yet been established. We used three
different statistical models to estimate TA in P. glauca based on TL radial variation (Mvolo et al. 2015b). We
compared the results with technological maturity. A two-millimeter threshold, previously suggested for good paper
tear strength, was used. Tracheid length increased from pith to bark and from breast height to upper height.
Juvenile wood was conical with the three models. At breast height, TA ranged from 11 to 27 years and juvenile
wood proportion ranged from 15.3% to 47.5% across the three models.
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The use of forest plantations with high morpho-physiological quality plants produced from genetically improved
seeds can increase the productivity of Quebec's forests. Each year, more than 120 million seedlings are produced
in the 19 forest nurseries in Quebec (6 public and 13 private).

For environmental and financial purposes, Quebec’s forest nurseries must constantly innovate to develop new
techniques that will improve seedling quality and forest productivity. These techniques allow not only to meet the
standards and criteria of morpho-physiological quality of seedlings applied in Quebec, but also to reduce the
leaching of minerals, thereby helping to preserve groundwater quality and reduce costs related to the use of
fertilizers.

To increase forest productivity, Québec promotes a gradual integration of somatic embryogenesis in clonal forestry,
seed orchard management and cutting propagation programs. Continuous technology transfer to Quebec forest
nurseries and technical support are among the priority activities of our team. Whether in technical committees or
visits, this transfer allows forest nurseries to incorporate the latest technological innovations. These improvements
are the result of a synergy with other researchers and practitioners from different organizations both national and
international. The present report outlines the salient facts and results of the principal studies related to new
developments on seedling production under forest nursery conditions, morpho-physiological variation of white
spruce seedlings from various seed sources and implications for assisted migration and the integration of somatic
embryogenesis in the reforestation chain.
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SEEDLING PRODUCTION

Effects of seeding date on growth and mineral nutri tion of white spruce seedlings (2+0) in relation to the
root insufficiency

In the search for solutions to reduce the culling rates of large sized white spruce seedlings (Picea glauca [Moench]
Voss) due to insufficient root development, containerized cultures sown on different dates were compared on an
operational scale under forest nursery conditions. The main objective was to evaluate whether earlier sowing could
improve seedling growth, especially root growth compared to sowing one month later. After two growing seasons,
seedlings sown earlier were significantly superior to seedlings sown one month later, in terms of height (60%
difference), diameter (45%), above-ground and total dry mass, root dry mass (108-110%) and root cohesion. For
both treatments, foliar nitrogen concentration averaged 2.25%, which is well above the minimal foliar concentration
requirement of 1.8% for forest seedlings shipped for reforestation in Quebec. Though foliar concentrations for other
mineral elements differed slightly between treatments, no visible deficiency symptoms were observed. To improve
root growth and maximize the performance of white spruce seedlings, nurserymen should favour an earlier sowing
date. However, early sowing alone is not enough to reduce seedling culling rates due to insufficient root
development. Attaining this objective also requires optimizing growing techniques at each step during production,
and taking into account the specific needs of white spruce for water and mineral nutrients (see Lamhamedi et al.
2013a for more details).

Root growth, plug cohesion, mineral nutrition, and carbohydrate content of 1+0 Picea mariana seedlings in
response to a short-day treatment

A short-day (SD) treatment was applied to containerized 1+0 black spruce (Picea mariana (Mill.) B.S.P.) with the
objective of increasing root mass and root-plug cohesion. The SD treatment resulted in the induction of bud
formation, cessation of height growth, and significant increases in carbohydrate content (sucrose, pinitol, and
starch), root nutrient contents, and root dry mass. Allometric models showed that given the same shoot mass, the
average seedling grown under the SD treatment had 25 % more root mass than those in the control treatment,
which led to a significant improvement in root-plug cohesion. Seedling quality evaluation before delivery to the
planting site showed that 91 % of 1+0 black spruce seedlings subjected to SD treatments conformed to quality
standards compared with 71 %for those subjected to the control treatment. These results indicate that the use of an
SD treatment may improve the profitability of forest nurseries by increasing the quality and quantity of shippable
seedlings (see Lamhamedi et al. 2013b for more details).

Peat substrate aeration properties and growth of co ntainerized white spruce: a case study in a forest
nursery

Seedlings are rejected every year in forest nurseries because of insufficient root development and root plug
cohesion. Adequate substrate bulk density and aeration properties are of critical importance for root growth and
water and nutrients uptake. The quality norms for nursery substrates, based in part on the ratio of coarse to fine
particle sizes, have recently been questioned with respect to substrate performances. Hence, experiments were
conducted under commercial nursery conditions to determine the effects of substrate physicochemical properties on
seedling growth and mineral nutrition over two growing seasons. Seedlings were grown in different substrates
composed of coarse and fine (threshold particle size: 0.5 mm) peat particles, perlite and vermiculite, covering a
broad range of physical properties with adequate available water and various coarse to fine particles ratio and
aeration properties. Substrate properties had a significant effect on growth parameters but the effects differed
between the two experiments. Seedling growth after one growing season was affected by water stress and low gas
diffusivity. This study emphasizes the importance of management on substrate performances, indicating that short
periods of moderate water stress (matric potential lower than —10 kPa) may hinder seedling growth. They also
suggest that when irrigated substrates are maintained within the 0 to -5 kPa matric potential range, gas diffusivity
values should not be lower than 0.003—-0.005 cm2 s cm-2 s—1, in agreement with modeled anaerobic oxygen profile
in root plugs. Hence, when designing and using substrates at the nursery scale, more attention should be paid to
aeration properties found in the container after potting and to the management rather than to the ratio of coarse to
fine particles (see Boudreaul et al. 2013 for more details). This project was carried out in close collaboration with
several researchers (Dr. Steeve Pépin and Dr. Jean Caron, Laval University).
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Fine-scale geographic variation in photosynthetic-r elated traits of Picea glauca seedlings indicates local
adaptation to climate

Climate-related variations in functional traits of boreal tree species can result both from physiological acclimation
and genetic adaptation of local populations to their biophysical environment. To improve our understanding and
prediction of the physiological and growth responses of populations to climate change, we studied the role of
climate of seed origin in determining variations in functional traits and its implications for tree improvement
programs for a commonly reforested boreal conifer, white spruce (Picea glauca [Moench] Voss). We evaluated
growth, root to shoot ratio, specific leaf area (SLA), needle nitrogen (Nmass), total non-structural carbohydrates
(NSC) and photosynthetic traits of three-year old seedlings in a greenhouse experiment using seed from six seed
orchards (SO) representing the different regions where white spruce is reforested in Québec. Height and total dry
mass (TDM) were positively correlated with photosynthetic capacity (Amax), stomatal conductance (gs) and
mesophyll conductance (gm). TDM, but not height growth, was strongly correlated with latitude of seed origin (SO)
and associated climate variables. Amax, gs, gm, and more marginally, photosynthetic nitrogen use efficiency
(PNUE) were positively associated with the mean July temperature (MJT) of the SO, while water use efficiency
(WUE) was negatively associated. Maximum rates of carboxylation (Vcmax), maximum rates of electron transport
(Jmax), SLA, Nmass, NSC, and root to shoot ratio showed no pattern. Our results did not demonstrate a higher
Amax for northern seed orchards, although this has been previously hypothesized as an adaptation mechanism for
maintaining carbon uptake in northern regions. We suggest that gs, gm, WUE and PNUE are the functional traits
most associated with fine-scale geographic clines and with the degree of local adaptation of white spruce
populations to their biophysical environments. These geographic patterns may reflect in situ adaptive genetic
differences in photosynthetic efficiency along the cline (see Benomar et al. 2015 for more details). This project was
carried out in close collaboration with several researchers (Dr. Hank Margolis, Dr. Lahcen Benomar, Dr. Jean
Beaulieu and Dr. Jean Bousquet).

Morpho-physiological variation of white spruce seed lings from various seed sources and implications fo r
assisted migration

Due to climate change, genetically improved trees may no longer be adapted to the sites where they are intended to
be planted. Assisted migration is a potential adaptation strategy for maintaining forest productivity and reducing
vulnerability in the face of a changing climate.

Morpho-physiological responses of white spruce seedlings from eight seed orchards were evaluated in a nursery
and at three planting sites. The modeling of growth curves showed that the height of both the southern orchards
and second generation orchards was significantly higher than the other orchards. A multiple regression model
showed that the final height of the plants was significantly correlated with climatic conditions of the orchards. The
orchard and the planting site significantly affected height growth of seedlings. The results of this study and those
obtained over the longer term should help to refine the operational rules of seed transfer for assisted migration (see
Villeneuve et al. 2015 for more details). This project was carried out in close collaboration with several researchers
(Dr. Hank Margolis, Dr. Lahcen Benomar, Josianne DeBlois, Marie-Claude Lambert, Dr. Jean Beaulieu and Dr.
Jean Bousquet).

Adaptation to climate change: the case of extreme w inter in forest nurseries in Quebec

Climate change is likely to increase vulnerability of plants produced in forest nurseries. This could result in
increased mortality of tree seedlings and potentially affect the profitability of some forest nurseries. To evaluate the
tolerance of plants to frost in winter and test the use of adaptation measures, prevention and winter protection
(geotextiles and artificial snowmaking), an experimental design simulating winter climate extremes, has been
installed under forest nursery conditions.

The lack of snow in early winter increases, alone, the percentage mortality of plants from 5 to 23% according to
species. This mortality can be further enhanced by the interaction of several factors, including the severity and long-
term exposure plants to freezing temperatures.

If in mid-December snow accumulation is insufficient, the nursery could apply artificial snow to protect tree
seedlings against winter frost. Our results show that the presence of a snow covering (5 - 10 cm) is an excellent
insulator that protects tree seedlings against the low temperatures extremes (see Lamhamedi 2012 for more
details).
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SOMATIC EMBRYOGENESIS

Somatic embryogenesis (SE) provides, from a single seed and asexually, an unlimited number of somatic embryos
that later became plants whose genotype is identical to that of the original embryo from seed. These plants are
therefore a clone or variety.

Priorities for research and development in the field of ES are focused on the morpho-physiological characterization
of somatic clones (SC) in the nursery, the integration of stock somatic plants in the cuttings propagation program
(CPP), the correlation between the performance of clones under nursery and site conditions.

Clonal variation of white spruce somatic clones and their use in the cutting propagation program

Since 1997 we work on the morpho-physiological characterization of white spruce somatic clones (1+0 and 2+0),
developing the catalog of nearly 1,500 clones, and their integration in the cuttings propagation program (CPP) in
Quebec. Our initial work on integration of somatic clones in the CPP began in 2002 with somatic clones of Norway
spruce. However, the emphasis is more on somatic embryogenesis of white spruce. Before SE can be introduced
into CPP, we evaluated the physiological and morphological attributes of cuttings produced by somatic stock plants.
Different rooting experiments were conducted under operational conditions.

Our results showed that clonal effects were consistently significant and several differences were also observed
among clones for all rooting traits of cuttings and yield of cuttings produced by SC. These traits exhibit high clonal
heritability values (Lamhamedi, 2015 pers. com., Lamhamedi and Gravel-Grenier 2012).

Genetic control and nursery-plantation genotypic co rrelations for growth characteristics of white spru ce
somatic clones

Height and diameter of white spruce clones were measured over two growing seasons in a forest nursery and for 4
more years at two field sites. Clonal heritability was moderate and stable in the nursery, but decreased with age,
reaching 0.26 and 0.11 for height and 0.14 and 0.04 for diameter, respectively, at the two field sites. Height
exhibited weak to moderate clonal heritability and strong genotypic correlations with the different growth
characteristics. The strong age-age genotypic correlations (=0.809) and nursery-plantation correlations (=0.347) for
height indicate that selection for height can be conducted at a young age thus reducing the costs of clonal tests
(See Wahid et al. 2013 for more details). This project was carried out in close collaboration with several researchers
(Dr. Hank Margolis, Dr. Nadya Wahid, and Dr. Jean Beaulieu).

CONCLUSION

The production of high quality seedlings is the result of the acquisition and development of new knowledge and its
continuous transfer and implementation at an operational scale. In close collaboration with researchers and
graduate students from different research centers, the seed and plant production research group has emphasized
the transfer of expertise and knowledge and the integration of research results in Québec forest nurseries. This
transfer has been realized through the scientific and technical publications, visits and conferences, as well as
workshops. During these events, researchers, technicians, nurserymen and graduate students from different
research centers in Québec or elsewhere are invited to present their research results. The content of these
conferences is principally directed towards forest nurserymen in Québec, as well as managers who work in the field
of forest regeneration.
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QUEBEC REGION

Nathalie Isabet, Julie Godbout,, Jean Beaulied, Patrick Lenz?

Natural Resources Canada
Canadian Forest Service
! Laurentian Forestry Centre
2 canadian Wood Fibre Centre
P.O. Box 10380, Stn. Sainte-Foy
Quebec, QC
G1lvV 4C7

Keywords: white spruce, black spruce, eastern white pimehés and poplar®icea glaucaPicea mariana
Pinus strobuslLarix spp. and?opulusspp., gene flow, wood quality, open-pollinated ifams,
climate change, pedigree, introgression, SNPs, gedTL mapping, species-specific markers,
inter-specific hybridization, fitness.

This report summarizes the progress of the Candeliaest Service (CFS), Canadian Wood Fibre Ce@wWHRC)
and Laurentian Forestry Centre (LFC) researchiiestoand environmental genomics for the period 2811%. Our
activities have mainly focussed on research oncgpgenomics and the environmental genomics of pmpldis
work was made possible through grants obtained ftoen Genomics R&D Initiative Funds and through our
participation in the SmartForests Project (MackBgehlman, Bousquet, et al.), a major initiative ded by
Genome Canada, Genome Quebec, and Genome BC toplevalecular breeding in softwood trees. On anothe
front, studies of gene-flow among poplar and lasglecies were made possible by grants from the @Gamad
Regulatory System for Biotechnology (N. Isabel)rt®af this project were done in collaboration withiversité
Laval (J. Bousquet), Forét Québec (P. Périnet 9t Algriculture and Agri-Food Canada SaskatchewBn (
Schroeder) and other members of the LFC (A. Séguinproject was carried out on the development of a
traceability system in white spruce thanks to fagdirom the Fonds québécois de recherche sur laenat les
technologies (J. MacKay, J. Bousquet, N. Isabel,remblay).

Research accomplishments were made possible véthetherous contributions of dedicated staff anthicotators
who deserve our thanks. They are: Sébastien Clémemte Deslauriers, Eric Dussault, Marie-Claudesstouis,
Philippe Labrie, Manuel Lamothe, Patricia Lavigdean-Francois Légaré, Daniel Plourde, Esther Rowdind
many summer students.
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TREE GENOMICS

White SpruceRicea glaucaand Black SprucePicea mariana

During the last 2 years, grants were obtained fiteenGRDI to finish gene and QTL mapping and perfgenomic
selection of wood traits, both in white spruce. S&grants were also used as co-funding for twdhefrésearch
Genome BC for developing molecular breeding inveoftd trees and co-led by J. MacKay and J. Bous(ilet
Laval).

Wood Traits.In collaboration with Université Laval colleaguespod traits of about 750 black spruces were
assessed for wood density and microfibril anglee $&ame trees were also measured for total heighdiameter at
breast height. Genotyping of these trees had atem lgarried out in conjunction with our academitteagues
thanks to a grant from FQRNT. Close to 5000 higlality single nucleotide polymorphism markers (SMRye
available for each tree. Genotypic data are storethta files on NRCan servers. Genomic selectiodeis were
built and prediction accuracy for the traits ofeir@st was calculated using various cross-validasicimemes.
Preliminary estimates of prediction accuracy forodicand growth traits were high, indicating that @it
selection would be a powerful tool for improvingatk spruce, especially for small effect size adednoreeding
populations. Additionally, opportunities were foutedreduce the number of genetic markers as weh@amount
of phenotyping necessary for model constructioris Will allow us to reduce costs in view of apptioca to larger
breeding populations. A scientific paper is curyeim preparation and will be submitted before #red of 2015
(Lenz et al. in prep.).

Secondly, we have completed a study aiming to dsinate that genomic selection (GS) for wood andvjrdraits
can significantly help reduce breeding cycles foreasentially undomesticated species such as wpitece, and
even for large populations of open-pollinated fésil(Beaulieu et al. 2014a). A second study on gégngelection
of white spruce wood and growth traits initiatedBi12-2013 and using 1700 trees representing #8ifufamilies

of two breeding groups of the Québec breeding @ijmi was completed. Data were analyzed and atdigen
paper reporting the results obtained was recentblighed (Beaulieu et al. 2014b). Based on theltsesbtained
with the large population of open-pollinated famsliand those of the population of full-sib famil@fslimited
effective size, we believe that marker-assistety eaiection could be successfully implemented am&lian white
spruce breeding programs, especially when combaitidreproduction techniques such as somatic enganyesis
(SE) and rooted cuttings. This research will beticoed in the large-scale applied project FastTRA&Gst Tests
for Rating and Amelioration of Conifers) that aifws bring genomic selection to an operational sdal@hite
spruce and Norway spruce breeding programs. ThHegpiis co-led by J. Bousquet (Université Laval)l & Smith
(CWFC, FPI) and was launched in spring 2015 untler Genomics Applied Partnership Program (GAPP) of
Genome Canada, supported by Génome Québec, FamahicBs Innovations (FPI), CWFC, the ministére des
Foréts, de la Faune et des Parcs du Québec, JiBg Iktd., NRCan, the New Brunswick Tree Improveimnen
Council (NBTIC) and the New Brunswick Departmen&afonomic Development.

Thirdly, we began to transfer the genomic selectamhnology to J.D. Irving Ltd. to be implementedtheir SE
pipeline. Genomic selection models were developed 25 of their white spruce SE lines using markkas were
identified as being associated with wood and grawdfts in our previous studies. It was possibleléononstrate
that the prediction accuracies obtained were evgheh than those of pedigree-based prediction. g lpesitive
preliminary results with the transfer of genomitesion are very encouraging.

Gene and QTL mappiny new white spruce genetic map of 9000 genes waergeed (Pavy et al. in preparation)
and will serve as a basis of comparison among epripecies. During the last year, several expetimhen
plantations, which include clonally replicated widuals (2000 seedlings genotyped for thousan@&N#s through
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SMarTForests), were established on 4 sites alditgdanal and altitudinal gradients. This will allous to evaluate
new traits central to climate adaptation and tistasce mechanisms against forest pests, sucte actumulation
of phenolic compounds. This project will lead te tthevelopment of new tools for large-scale charietéon of
traits useful in genomic selection testing.

Traceability Method:In collaboration with the Direction générale depladuction de semences et des plants
forestiers in Québec, we worked at developing eethility system thawill be applied to the production of white
spruce elite varieties using somatic embryogeng3s in provincial nurseries of the province. Thantecolled
crosses and SE steps that lead to their produatimke them very prone to human and/or technicaksrithe
objective was to select a minimum number of infaimea SNPs (among genomic data made available from
previous projects) and use them to distinguish eetwthe different clonal elite varieties (usingréque genetic
fingerprint) and to verify their family of origin.

A set of 37 SNPs were selected usimgilico datasets representing the controlled crosses peddoy the breeding
program. They were used to verify the identity #mel cross of origin for 1077 trees (2168 tree)dpced by SE
and planted in one field test. Using assignmentlyaaa, we estimated that 10.67% of all individualere
illegitimate, i.e. that they were not the trees that they were swgabts be. We also determined that most of the
errors probably occurred at the controlled crossage. The next step will be to translate the tesflthis study
into recommendations to the tree nurseries ancetifyvthe identity of varieties stocked in cryogerdianks. A
manuscript presenting the development method andtsds currently being written (Godbout et alpheparation)

Eastern White PinéP{nus strobusand Western White Pin®ifius monticolx

PhylogeographyWe investigated the influence of two different plbgsaphic landscapes on the population
structure and postglacial colonization historiesvad white pine specie®. monticola which occurs in the highly
mountainous region of western North America, 8dtrobus which occurs in a much less mountainous area in
eastern North America. To characterize the pattefrgenetic diversity across the ranges of botltigge 158 and
153 SNPs derived from genes were genotyped on +aitge samples of 6. monticolaand 133P. strobus
populations, respectively.

In P. monticola a steep latitudinal decrease in genetic diverkiigly resulted from postglacial colonization
involving rare long-distance dispersal events. dntrast, no geographic patterns of diversity westected inP.
strobus suggesting recolonization via a gradually advagdiront. For each species, STRUCTURE analyses
identified distinct southern and northern genetiougs that likely originated from different glacialeages. At a
finer scale, and for the two species, smaller sulqgs were detected that could be remnants of cryptugia. We
discuss the importance of our findings for consowaprograms and predictions of species’ respdasdimate
change. The study was carried out by Simon Nadek8q, student) in collaboration with Kermit RitlagidBC)

and is currently accepted for publication in Araerican Journal of BotanfNadeau et al. in press).

ENVIRONMENTAL GENOMICS

Poplars and their Hybrids

Plants with novel traits (PNT) are those that age/ h0 native populations and have the potentidhtpact the
environment. We are exploring the risks PNTs paseatural forest using poplar tre¢¥opulussp.) as a model
system. Exotic poplar cultivars are used for a widege of economic and horticultural applicatiomsl are
prevalent on the landscape. Most exotic cultivaesamplex crosses between native and exotic moplad are
capable of interbreeding with native species. Falg Wilkinson et al. (2003), we examine the rigkegotic gene
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movement into native poplar populations by quairtgy spontaneous hybridization, assessing exotice gen
introgression, and evaluating the fitness of exdtibrids. This work was conducted in collaboratioith
researchers at Natural Resources Canada (CFS-Ag@yulture and Agri-Food Canada, and the ministdes
Ressources naturelles du Québec.

Marker Development To detect exotic poplar gene regions, we deela diagnostic panel of 36 SNPs that could
distinguish 8 poplar specie®dpulus angustifoliaP. balsamifera P. deltoides P. fremontij P. laurifolia, P.
maximowiczii P. nigra and P. trichocarpg and their early generation hybrids (Isabel et2413). We also
developed panels of SNPs to evaluate long-distgeoe flow and population structure with balsamiferaand

P. deltoidegMeirmans et al., Godbout et al., manuscriptsréppration).

Evaluation of Spontaneous Hybridizatiowe genotyped seeds from native poplar standdddcadjacent to exotic
poplar shelterbelts from central Canada and nexexotic poplar plantations in eastern Canada teaiet
spontaneous hybridization. Hybridization ratesgeath from 0.1-2.3% in western Canada and were #ignifly
lower than those observed in eastern Canada (Megratal. 2010). Hybridization was dependent onptbiéen
donor and recipient genotype (Talbot et al. 2012).

Native Hybrid ZonesHdybrid genotypes that arise between plant spdmegiently have increased susceptibility to
arthropod pests and fungal pathogens. This patiesrbeen attributed to the breakdown of plant defef'Hybrid
susceptibility’ hypothesis) and (or) to extendediqus of susceptibility attributed to plant phergs in zones of
species overlap and (or) hybridization ‘phenologgiak’ hypothesis). We examined these hypothegessbessing
the susceptibility of parental and hybRépulushost genotypes to a leaf spot disease causea:byrgal pathogen
Septoria musivaGenotypes for 214 individuals, originating fronetRed Deer River, AB, were obtained using 27
species-specific SNP markers. 27.7% of trees wéassified as admixed individual®. balsamiferax P.
deltoide3. A subset of these trees was inoculated with fizotates ofS. musivaand evaluated for their
susceptibility. A further 53 trees were grown it@mmon garden to assess the effect of genotypeadation in
leaf phenology. Leaf phenology was more variabliiwithe category of admixed genotypes than witlasitegories
of either parental species. Leaf phenology was aisce variable for the category of trees origingtfim the hybrid
(P. balsamifera— P. deltoideghybrid and parental genotypes combined]) zone thaadjacent pure zones of the
parental species. The results from the common gagslperiment support the ‘phenological sink’ hysstis. This
work was conducted by Jared LeBoldus from NorthddalState University (LeBoldus et al. 2013).

A tri-hybrid region represents an ideal playgro@mdtesting the Hybrid Bridge Hypothesis, whichais ecological
hypothesis that argues that hybrids allow assatiatganisms (e.g., herbivores or pathogens) towsrieoand
potentially adapt to the genome of another spégiasseries of intermediate genotypes that effeltiact as
“stepping stones” that bridge two genomes. Sudraations have been tested by collecBndpalsamiferaP.
deltoidesandP. angustifoliaand their natural hybrids in the drainage basithefOldman River in Alberta. We
used molecular detection techniques to charactdrezeature and extent of hybridization for Pdpulustrees. On
the genotyped trees, we then surveyed ten spefcigdl-dormers to examine how arthropod distribnsaare
influenced by genetic similarity among host treaagpes. We observed that host genotype and gesietilarity
strongly affect the distributions of gall-formingesies, individually and as a community. Thesect$fevere
detected in the wild and experimentally in commardgns. Moreover, correlations between the dityeofihost
genotypes and their associated arthropods idemglfyid zones as centres of biodiversity and paiéspecies
interactions with important ecological and evolotioy consequences. This work was conducted by Kevkiloate
from Agriculture and Agri-Food Canada (Floate etrapress).

Estimation of Rates of Introgressidife screened adult trees from natural stands inenesind eastern Canada for
exotic gene regions and detected fully mature exogbrids (Talbot 2012, Thompson 2010, Roe et @1.42,b),
providing evidence for exotic gene introgressiomative stands. Exotic introgression was also dotanbe biased
towardsP. balsamifergRoe et al. 2014).
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Realized Rate of Exotic Gene Introgressidde assessed the relative fitnes$obalsamiferaP. deltoidesnative
hybrids, and exotic hybrids by comparing reproductbiomass, viability, and disease susceptibilityoag each
tree class. Seedling recruitment was also evalu&tedsexually produced progeny to further evaludte
competitive ability of each tree class. Exotic hglbrshowed reproductive fithess traits and dissaseeptibility
intermediate to native species at the same logdtioe et al. 2014b).

Larches and their Hybrids

Evaluation of Spontaneous Hybridizatioblsing a combination of two chloroplast and thmeiéochondrial DNA
markers, we estimated the rate of spontaneousdization taking place between natitearix laricina) and exotic

(L. decidua, L. kaempfel,. sibirica) species of larch in two arboreta. More than 56&&ds and 1000 recruits from
the two experimental sites wesampled and genetically identified. The occurreofcepontaneougybridization
betweenL. laricina and the exotics wafound both in seeds and from recruits freely esthbd nearthe
plantations. A low hybridization rate (3% or lesgs observed among the seedsloflaricina maternal trees.
Spontaneous native-exotic hybrids were also obdexvestablistand survive in the environment under the current
climatic conditions at a similarly low rate. Howeya muchhigher and variable rate of establishment was obser
for recruits with exotic components (up to 34.6% at @ite). These results indicate that the spontaneous
hybridization and the recruitment of hybrid and xoecruits do occur and should be taken into iwamation in
the management and establishment of plantatiofi@sbigrowing species with exotic components. Thisly was
conducted by Patrick Meirmans (now at the UnivgrsftAmsterdam, Meirmans et al. 2014).
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NORTHEAST SEED MANAGEMENT ASSOCIATION (NeSMA)
SUMMARY OF 2013 and 2014 FIELD OPERATIONS

Randy Ford
Northeast Seed Management Association
PO Box 730
Englehart, ON
P0OJ 1HO

Email: nesmarf@ntl.sympatico.ca

NeSMA is a partnership of 8 forest companies and the Ontario Ministry of Natural Resources and Forestry (MNRF)
operating in north-eastern Ontario. The company has tree improvement programs for black spruce (Picea mariana
[Mill.] BSP), jack pine (Pinus banksiana Lamb.), and white pine (Pinus strobus L.).

FIRST-GENERATION PROGRAMS

Cone collection was the primary activity in the seed orchards; crown management was completed to facilitate the
cone collection.

The Edward Bonner black spruce seed orchard is comprised of 3 separate non-contiguous fields; since 2005 these
fields have been managed as separate orchards for 3 different forest units managed by 2 NeSMA partners. In 2013,
more than 8,300 trees were topped in the 3 fields.

The volume of black spruce cones collected from orchards in 2013 was 232 hecto-liters and 97 for jack pine. In
2014 the black spruce volume was 247HL and jack pine was 177HL. The majority of the black spruce cones in 2014
were collected at the Island Lake Tree Improvement Area where close to 6,000 trees were topped as part of the
process. Cones were collected for the first time in a previously thinned genetic test associated with the Timiskaming
program.

Forest Health Technicians with the MNRF visited some genetic tests and seed orchards to determine whether any
insect or disease threats were present and the status of any previously known pests.

The Ontario Stewardship Rangers completed an inventory/assessment of the trees in the Ingram Township white
pine genetic test. In addition, the Evanturel Township test white pine data previously analyzed was helpful in the
2014 field identification of selections for future work.
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Competition was removed from the black spruce and jack pine realized gain trials in 2013 and these were
measured and the data analyzed in 2014.

Data was analyzed for the Wendigo jack pine and the Algoma black spruce programs to support planning their
future development.

SECOND-GENERATION PROGRAMS
Hearst Forest Management completed a health and survival survey of the trees planted in 2012 to establish a jack

pine clonal seed orchard in Casgrain Township near Hearst. The genetic tests and clonal archive were monitored to
track their health and condition.

Analysis of the 2013 data collected at two Elite and two Infusion tests for the Timiskaming black spruce program
provided information for planning; in addition, selections were identified in the field and individual cone collections
were made from each selection. Data for the Saganash jack pine program was analyzed and more than 400 of the
black spruce and jack pine selections preserved in the pollen bank/archive were tested to verify their viability.

OTHER ITEMS

Work continues to plan for maintaining a sufficient adapted seed supply for the future. The changing climate will
significantly affect this process.

Beginning in 2013 information and support have been provided for a project to revise and update the information in
the forest genetics layers of the government Land Information Ontario system
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FOREST ADAPTATION STRATEGY TO CLIMATE CHANGE

P. Lu, W. C. Parker, S. J. Colombo and R. Man
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The Ontario Ministry of Natural Resource and Forestry has recently completed an organizational transformation,
which resulted in the realignment of science and research in a new branch (i.e., the Science and Research Branch,
SRB) within the Provincial Service Division. The SRB subsequently launched its Integrated Science Action Plan
(ISAP), which outlines OMNRF research priorities in the coming years. Among those, protecting bio- and genetic
diversity, developing forest adaptation strategy to climate change and managing invasive species are highly
consistent with OFRI’s the ongoing forest genetic research projects.

To develop forest adaptation strategy to climate change, we made efforts to re-measure the 410-series of white
spruce range-wide provenance tests located within Ontario. This series of provenance tests, which involves 245
range-wide provenances tested at 15 locations along climate gradient in Ontario, was established by the Canadian
Forest Service in collaboration with Ontario Ministry of Natural Resources and forestry in the 1980s. The recent
measurement data, together with those of earlier measurements, are expected to generate information for
answering a number of resource management questions relating to climate change adaptation of the species.

A separate ongoing study is with eastern white pine, which involves a collaborative research with the USDA-FS in
re-measuring eastern white pine long-term range-wide provenance tests located across Canada and the USA. In
addition to measuring tree health status and size, we also took incremental wood core samples for tree-ring
chronology and x-ray densitometry analyses. Data collection is now complete with data analysis ongoing.

In addition, we conducted controlled-environment studies to understand the responses of native Ontario forest
species to simulated winter and spring warming. Poor synchronization between tree phenology (such as earlier
than normal bud flush) and spring climate caused by irregular early spring warming has been the reasons large
scale frost damage in Ontario over the past a few years. Differential phonological responses by tree species to
early spring warming may provide a mechanism for mitigating spring frost damage through forest management
options, such as species selection, during forest regeneration in hazard-pro areas.

WHITE PINE BLISTER RUST RESISTANCE

P. Lu, R. Wilson and G. W. Adams

We continue to maintain and monitor a number of field research trials for white pine blister rust resistance aiming
to evaluate the performances of selected backcrosses of hybrids between eastern white pine and Himalayan blue
pine (Pinus wallichiana). The main objectives of these trials are to evaluate cold hardiness, growth rate, tree form
and white pine weevil infection. Blister rust resistance is assessed more rigorously and precisely through artificial
disease inoculation experiments with post-inoculation seedling survival as the sole criterion. Preliminary results
have been promising as top hybrid-backcross families outperform pure eastern white pine controls, which validate
Ontario’s retrogressive hybridization breeding strategy for enhancing eastern white pine with blister rust
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resistance. As new selections of seedlings from advanced generation hybrid backcrosses start to flower, we expect
to produce next-generation backcross progeny containing a greater proportion of eastern white pine genome,
while maintaining strong blister rust resistance.

In a parallel development, we are collaborating with the J.D. Irving Limited, NB, to assess the efficacy of applying
endophytes at seedling stage in reducing white pine blister rust incidence in field plantings. In this study, newly
germinated seedlings are sprayed with endophyte inoculum solution on the needles, which will result in the
infection of seedlings with endophytes. Endophytes are beneficial fungi isolated from natural and native
ecosystems, which do no harm on white pine seedlings after infection, but will secrete toxin to reduce spore
germination and mycelium growth of other pathogenic fungus, such as white pine blister rust (Cronartium
ribicola). In the ongoing experiment, we inoculated about 6,000 eastern white pine seedlings with two strains of
endophytes selected by the J.D. Irving in the greenhouse. Seedlings are being monitored in the greenhouse for
two growing seasons, and will be planted out in three field research trials, using uninfected eastern white pine as
controls, for long-term monitoring.
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The Prairie Shelterbelt Program was initiated by the Government of Canada in 1901 to provide farmers with hardy
trees and shrubs for shelterbelts to protect farm yards, reduce soil erosion, protect livestock, enhance biodiversity
and improve air quality. From 1901 to 2013 over 600 million tree seedlings were provided to prairie farmers
protecting more than 700,000 hectares of agricultural land. Since the commencement of the Prairie Shelterbelt
program in 1901, significant advances have been made in the selection and improvement of tree and shrub species
provided through the program. The shelterbelt tree improvement program at Indian Head, designed specifically to
develop adapted, genetically superior tree and shrub species for prairie shelterbelts has been under way since the
beginning of prairie settlement in the 1880s. Since then tree improvement and evaluation has been led by Angus
McKay (1888-1903) Norman Ross (1904-1941), John Walker (1942-1946), Bill Cram (1947-1974), Gordon Howe
(1975-1980) and William Schroeder (1981-2015). Over the years a number of people have contributed to the tree
improvement program, most notable were Carl Lindquist (1953-1984), Dan Walker (1984-2011), Salim Silim (2002-
2010), Ron Gares (2012-present) and Raju Soolanayakanahally (2005-present). Improvement efforts touched many
genera and species but focused primarily on the genera Populus, Pinus, Picea, Larix, Fraxinus, Quercus, Celtis and
Salix. During the 127 years the program encompassed species introductions and testing, plant exploration, classical
breeding and selection, ex situ conservation and genomics. Since its inception, the breeding program developed 15
poplar clones and improved seed strains for over 20 species. The breeding efforts of the past 127 years have
changed the landscape and quality of life for thousands of prairie people. In 2013, the last trees from the Prairie
Shelterbelt Program were planted following over a century of federal government support for tree planting in
western Canada. This report presents a summary of the tree breeding program.

TREE IMPROVEMENT STRATEGY

With the commitment to establishing genetically diverse tree plantings the ADC improvement program concentrated
on developing superior seed propagated populations. The steps followed to accomplish this are outlined below.

1. Sample the native range of the species, collect seed and assess the range of genetic variation in major
traits using provenance trials.
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2. Superior trees were selected from provenance trials, vegetatively propagated and planted in clonal banks.
3. Superior trees were crossed and their progeny evaluated under a variety of site conditions.

4. Based on the performance of progeny, trees in the clone bank were rogued leaving only trees that produce
progeny with the desired traits. These rogued clone banks were transformed to seed production orchards.

QUERCUS MACROCARPA Michx.

Quercus macrocarpa (bur oak) improvement aimed to improve the adaptability of Quercus seed populations for
prairie growing conditions, study genotype-environment interactions and develop improved seed strains for prairie
agroforestry. Since 1992, the oak improvement program has assembled over 300 populations, evaluated the
populations in seed source trials at locations in Manitoba, Saskatchewan and Alberta and developed an improved
seed strain, for agroforestry planting in the Canadian Prairies. A clonal seed orchard for the production of the
improved seed strain is located at Indian Head, SK. Living bur oak germplasm collections are retained at Indian
Head and Birch Hills, SK and Edmonton, AB.

LARIX SIBIRICA Ledeb.

Larix sibirica (Siberian larch) seedlings originating from the Ural mountains in western Siberia were planted at the
Indian Head Forest Nursery Station in 1908. In 1976, progeny from the 1908 plantation were planted in shelterbelts
at the PFRA Shelterbelt Centre at Indian Head. In 1983, 29 superior trees were selected from these shelterbelts
and planted in a clonal seed orchard. Seed from these trees were tested as accession E5100 at 12 test locations in
Manitoba and Saskatchewan. Performance of the seed strain was superior to other seed strains and sources at all
trial sites. Referred to as 'Lindquist’ this seed strain was used in the Agriculture and Agri-Food Canada Prairie
Shelterbelt Program. The Larix improvement program has assembled multiple seed sources of Larix species from
their native ranges in Eurasia. These living collections are retained at Indian Head and Birch Hills in Saskatchewan.

FRAXINUS PENNSYLVANICA Marsh.

The Fraxinus pennsylvanica (green ash) improvement program was initiated in 1985 when superior trees were
selected from native green ash stands in Saskatchewan and Manitoba. These trees were progeny tested and the
top genotypes vegetatively propagated and planted in a seed orchard. The seed strain originating from this orchard
was superior to other seed stains and sources at trial locations in Manitoba and Saskatchewan. The seed strain
'Plainsman’ was used in the Agriculture and Agri-Food Canada Prairie Shelterbelt Program and is widely planted
throughout the prairie provinces. In 1996, additional seed sources were obtained from the northern Great Plains
states. This and other Fraxinus germplasm has been retained in living collections at Indian Head, Birch Hills,
Outlook in Saskatchewan and Smokey Lake in Alberta.

POPULUS Since 1947, the poplar improvement program has been active testing populations from breeding
programs, selecting and producing new hybrids and maintaining collections of poplar species and hybrids. From its
beginning, the program has bred and evaluated over 40,000 Populus genotypes at 40 trial locations across the
prairie provinces. This breeding program has released a total of 15 cultivars. Of these the most prominent are
Walker, Assiniboine, Okanese, Katepwa, CanAm and Sundancer. These cultivars constitute the majority of poplars
planted in the Canadian prairies for agroforestry and plantation forestry. Living collections of Populus deltoides
(Indian Head), P. balsamifera L. (Indian Head, Prince Albert, Quebec City, Fairbanks) and P. simonii (Indian Head)
are retained in common gardens.

PINUS SYLVESTRIS L.
Provenance tests of Russian seed sources of Pinus sylvestris (Scots pine) were established in 1962 at the
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Agroforestry Development Centre, Indian Head, Saskatchewan. Data from these trials indicated that the 'balcania’
ecotype from Voronezh, Province of Orel and Smolensk, as well as the 'eniseensis' ecotype from Central Siberia
and the 'altaica’ ecotype from southern Siberian were best adapted to the Canadian prairies. Plus trees from these
populations were used in a breeding program to develop, hardy, fast growing trees with minimal winter browning
and long needle retention. Full-sib progeny from crosses between selected trees were tested and the best
performing parents vegetatively propagated and planted in a clonal seed orchard. Progeny from this seed orchard
was extensively tested across the prairie provinces and proved to be superior to other seed strains. Referred to
'Prairie Green' Scots pine, this improved seed strain was used in the Agriculture and Agri-Food Canada Prairie
Shelterbelt Program.

PINUS PONDEROSA Dougl.

Provenance tests of northern great plains seed sources of Pinus ponderosa (ponderosa pine) were planted at
Indian Head, Saskatchewan in 1969, 1984 and 1988. Results from these trials indicated that trees originating from
Valentine and Ainsworth, Nebraska and Rosebud, South Dakota were well adapted to the Canadian prairies.
Progeny testing of selected trees from these specific sources was completed and outstanding individual trees with
superior growth and minimal winter browning selected. These trees were planted in a seed orchard for the
production of an improved seed strain for the Canadian prairies. Living collections of Pinus ponderosa seed sources
are retained at Indian Head, Saskatchewan.

PICEA PUNGENS Engelm.

In 1959, vigorous Picea pungens (Colorado spruce) trees were selected from 1911 plantings on the Indian Head
Forest Nursery Station. The selections were based on blue needle colour and overall vigour. These trees were
crossed to identify the best parental combinations to generate a high percentage (>90%) of progeny with silver-blue
needle colour. In addition to having silver-blue needle colour, progeny from these trees have proven to be well
adapted to southern prairie conditions withstanding drought and exposed treeless environments. The best
performing parents were vegetatively propagated and planted in a seed orchard. This improved seed strain has
been widely planted throughout the prairie provinces.

CELTIS OCCIDENTALIS L.

In 1990 AAFC collected and propagated seed sources from native Celtis occidentalis (hackberry) stands in
Manitoba, North Dakota and South Dakota. Seed source trials were established in Manitoba and Saskatchewan in
1993 and 1994. The trials are designed to determine which sources were best adapted to the prairies. Both trial
sites were evaluated after 20 years and data showed large variability in adaptation of seed sources. One seed
source originating from North Dakota produced high quality progeny. This source is a reliable seed stain for
hackberry plantings in the Canadian prairies.

GENETIC RESOURCE COLLECTIONS

A major component of AAFC tree improvement was conservation of woody genetic resources. This included
sampling native populations and establishment of common gardens. These collections facilitate access to genetic
resources for breeding and the study of genetic diversity. The collections provided for ex situ conservation of native
woody plant populations which supported Agriculture and Agri-Food Canada’s actions in biodiversity. The gene pool
of collections was conserved in common gardens or gene banks established within the native range of the species.
The vegetative collections include 756 populations and 24,500 individual genotypes of the following species: Prunus
virginiana var. melanocarpa, Cretaegus rotundifolia, Shepherdia argentea, Hippophae rhamnoides, Symphoricarpos
occidentalis, Quercus macrocarpa, Fraxinus pennsylvanica var. subintegerrima, Populus deltoides var. occidentalis,
Populus balsamifera, Prunus nigra and Prunus americana. The majority of these living collections have been
retained, most are on private property and receive little to no maintenance so long term viability or access is
uncertain. In 2015, seed representing the improved seed strains from the AAFC improvement program as well as
seed collections for Crataegus rotundifolia, Prunus pensylvanica, Prunus virginiana, Rosa acicularis, Rosa woodsii
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and Symphoricarpus occidentalis were transferred to the National Tree Seed Centre at Fredericton New Brunswick.

LONG TERM GENETIC TESTS

The AAFC-STB Agroforestry Development Centre has established over 200 genetic trials in the prairie region.
Genera included in the tests are Pinus, Picea, Larix, Juniperous, Acer, Quercus, Populus, Salix, Prunus,
Hippophae, Celtis, Symphoricarpus, Rosa, Shepherdia and Fraxinus. These tests were evaluated every five years
for survival, growth, adaptability and pest resistance. Information from the tests describe genetic variability within
genera and is used to recommend new species and/or provide data to support release of new clones or seed
strains. Some trials have been in place since the early 1960s. In 2014 all trials were surveyed and the majority were
alive and in fair to good condition.

CONCLUSION

Tree improvement is an important activity and the sustainability of prairie tree plantings depend on our ability to
maintain the biological and genetic diversity that is needed for healthy landscapes. It is important, especially
with native plants, to work with the greatest degree of diversity possible allowing us to maintain healthy
populations that have the genetics to withstand the movement of disease through a population of plants. This
requires a continued commitment to the study of plant communities with less emphasis on individual
specimens.
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This report summarises genetics, tree improvement, gene conservation and seed biology and technology activities
the Alberta Tree Improvement and Seed Centre (ATISC) did since July 2013. These activities are either new or
completion of those ATISC reported in 2013. Climate change adaptation, gene conservation and restoration for
limber and whitebark pine, seed germination and long-term storage, spread of Dothistroma needle blight in
lodgepole pine provenance and progeny trials, and DNA-based monitoring of white spruce seed orchard pollen
contamination were some of the main activities conducted in this reporting period.

SEED BIOLOGY AND TECHNOLOGY

Alberta Seed Conservation Course

Alberta Tree Improvement and Seed Centre has offered this free 2-day course seven times since 2012 with 58
attendees from across British Columbia and Alberta and feedback has been extremely positive. Attendees have
come from various backgrounds including academia, government, energy and forest companies, private restoration
and seed collecting companies and the nursery industry. Topics covered include seed moisture relations,
assessment & collection, seed handling, tetrazolium viability testing, seed longevity, storage behaviour, germination
& viability, and seed dormancy plus a cut testing lab and a germination problem solving activity. ATISC will
continue to offer this course in March each year.

Water activity use

Alberta will be moving away from traditional moisture content standards for seed moisture testing. For the past 3
years, ATISC has been focusing more on using non-destructive water activity measurements to determine optimum
storage conditions for tree seeds, shrubs and herbaceous seed that we are storing for reclamation use. Because
the oil contents of limber and whitebark pines and non-tree species varies considerably, this switch will ensure
optimum storage conditions for all seed, not just commercial conifers. Since 2012 we have completed desorption
isotherms on five Alberta conifers, which together with international seed storage standards, are helping us set new
moisture measurement standards in the 2015 revision of the Alberta Forest Genetic Resource Management and
Conservation Standards.
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Seed management monitoring

In 2011, the conservation & research seed retesting program was put on hold until the data accumulated from 30+
years of retesting could be analysed and changes made to the program. Statistical analyses of 82 seed lots
comprising 13 Alberta coniferous and deciduous species has been completed and the generated survival curves
are providing a wealth of information to help best manage future seed lots for both short term operational and long
term conservation use. ATISC restarted the program in 2014 with new seed lots, new longer retesting intervals and
new species to fill knowledge gaps about non-timber and endangered species. We will actively monitor and adjust
the program to include/exclude seed lots when required and to detect significant declines in viability to improve our
knowledge of seed longevity in storage.

Endangered Species

Whitebark pine seed has been collected routinely and stored for ex situ conservation at ATISC for the last 15 years
and this species is now listed as federally endangered in Canada. Good germination protocols and estimates of
seed cold storage longevity are necessary. Previous germination tests on Alberta seed have achieved only 25-55%
germination of viable seeds spread over a long period, making propagation expensive, difficult and time consuming.
Low and inconsistent results also meant that storage longevity monitoring was impossible and seedling production
for white pine blister rust screening would be inefficient or incomplete due to the loss of genetics linked with deeply
dormant seeds. In 2013, a large germination trial was conducted to find a method suitable for large-scale production
of whitebark pine seedlings in Alberta, taking practicalities and economics into account while retaining the genetic
integrity of the seedlot. A new germination protocol was developed and is currently in use. This new protocol
achieves 95-100% germination of viable whitebark pine seeds found across Alberta. In this way, we can ensure
that we are testing efficiently and preserving as much genetic material as possible, as well as lowering the cost of
seedling production.

In addition, now that the necessary germination protocols exist for both limber and whitebark pine in Alberta, an
artificial ageing longevity trial was set up in 2014 to develop comparative longevity estimates for these two species.
From tests conducted on limber pine during the 2012 maturity trial, we suspected that limber pine was a short-lived
species in cold storage (showing significant decline in less than 25 years) and preliminary results from the 2014/15
ageing test have confirmed this suspicion. Tests on whitebark pine are ongoing. We will compare artificial ageing
test of limber and whitebark with that of lodgepole pine and black spruce to get more accurate estimates of cold
storage life times for the two endangered species. We are currently investigating alternative storage methods for
limber and may be extended to whitebark pine.

DOTHISTROMA NEEDLE BLIGHT

Dothistroma needle blight outbreak occurred in 2012 in a pine clone bank located at ATICS as stated in the CFGA
2011-2013 report. Since then the disease has been found on lodgepole pine in several other locations in Alberta
including a 30-year old provenance test, a 15-year old progeny test and a seed orchard. In 2014, the government
initiated a project with Dr. Richard Hamlin at the University of British Columbia to identify the Dothistroma species
causing the disease and to study genetic variation among fungal isolates using genomic-based methods. The
methods were developed by the Tree Aggressors ldentification using Genomic Approaches (TAIGA) project. Foliar
samples from locations with suspected Dothistroma infections were collected in Alberta and British Columbia. The
presence of the disease was confirmed in four out of five sampled locations in Alberta and in all six locations
sampled in BC. The infected Alberta areas are all centrally located in the province while the location where the
disease was not found is in the northwestern Alberta. The fungal species identified by sequence analysis is
Dothistroma septosporum (also known as Mycosphearella pini).

RESTORATION OF ENDANGERED LIMBER AND WHITEBARK PINE
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Both whitebark pine and limber pine are endangered species in Alberta. Both now have approved provincial
recovery plans that represent the culmination of years of research and collaboration across agencies and
jurisdictions®. Nearly all of more than 280 provincial long-term health transects established to monitor status and
trends of these endangered species were re-measured in 2014 by staff from the province, Parks Canada, and
regional staff. This data was used to target priority areas for cone collection and restoration activity in 2015 and
subsequently.

These recovery plans provide a framework for action. Starting in 2015, cone collections will focus on supporting
urgent recovery actions including identifying, documenting and protecting potentially blister rust-resistant parent
trees, establishing blister rust screening capacity, and ultimately towards producing operational quantities of rust
resistant seedlings which are the key to restoration. Other key activities will include developing more accurate
range maps with supporting data including abundance and mortality to target recovery activities more effectively;
continuing extension and outreach with tenure holders, recreational users, and landowners; establishing
provenance trials to support modified seed zones for these species; and continuing to support other priority items in
recovery plans.

For several years, Alberta has collaborated with Canadian Forest Service (CFS), U.S. Department of Agriculture
Forest Service — Dorena Genetic Resource Center and Coeur D’Alene Nursery, the Province of British Columbia,
and academic institutions such as University of Calgary and University of Alberta to advance research projects and
applied studies on these species. Results on limber pine seeds from Alberta sources sent to the US for rust
resistance screening and also assayed for key genetic resistance markers in Victoria BC by CFS have yielded
some promising results, as have whitebark pine sources sent to Coeur D’Alene for rust resistance screening and
phenotypic testing. We look forward to further results and to continuing these collaborations to support species
recovery, and are working to develop capacity for in house testing.

GENETIC CONSERVATION PLANNING

The 2009 Gene Conservation Plan for Native Trees of Alberta® is due for an update following the changes in
species conservation status and changes in protected areas since it was first developed. The plan summarizes
provincial priorities for in situ gene conservation, which is primarily served by protected areas such as parks and
wilderness areas. Forest tenure holders engaged in tree improvement are also obligated to establish in situ
conservation areas in representative habitats within each seed zone their tenures overlap. These populations must
be large enough to sustain evolutionary processes. This is a requirement under the provincial Forest Management
Planning Standard, which is structured to follow the Canadian Standards Association Standard CZ809-02 for
sustainable forest management. The in situ gene conservation plan set out the framework for an ex situ provincial
gene conservation plan, which has had a draft completed and under review during this reporting period. When
finalized, this plan, which focuses on ex situ conservation of all indigenous provincial species, will be available on
the ministry website.

MOUNTAIN PINE BEETLE REHABILITATION CONE COLLECTIONS

To date, Alberta has 8,235 kg of lodgepole pine seed dedicated to rehabilitation of mountain pine beetle impacted
areas. The provincial program is administered through Forest Resource Improvement Association of Alberta
(ERIAA), which administers grant-based allocations on an annual basis. The beetle infestation is tracked by
monitoring the most severely attacked areas, and areas where emergence rates indicate increasing populations,
and a buffer surrounding those zones. Many areas affected are remote and may not be rehabilitated as part of
post-harvest reforestation obligations. This program facilitates restoration and ecosystem recovery in those areas,
and supports rehabilitation activities associated with salvaging beetle-killed timber or wood in imminent danger of
mortality due to the beetle epidemic.

Alberta Whitebark Pine Recovery Plan 2013-2018, ISBN 978-1-4601-1100-0 (online) & Alberta Limber Pine
Recovery Plan 2014-2019, ISBN 978-1-4601-1848-1 (online)

® Gene Conservation Plan for Native Trees of Alberta, ISBN 978-0-7785-6493-5 (online)
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CLIMATE CHANGE ADAPTATION

Since 2012, Alberta Tree Improvement and Seed Centre (ATISC) and private forest companies involved in genetic
tree improvement have been implementing the Tree Species Adaptation Risk Management (TSARM) project. The
Climate Change and Emission Management (CCEMC) Corporation initiated and funded the TSARM project with
financial contribution from the Forest Management Branch. The project sought to, (i) evaluate the risks climate
change poses to tree breeding programs that supplies reforestation seed and clones on public land; (i) analyze
provenance and progeny trial data across lodgepole pine and white spruce breeding programs to explore options
for assisted population migration; (iii) develop cost-efficient vegetative propagation methods for aspen, which would
enable the species to be artificially regenerated on a large scale to replace wild clones that may be thousands years
old and thus lagging behind climate change; and (iv) establish new provenance trials in areas that were originally
unimportant for field testing, but currently have dry climates to allow testing for drought tolerance.

Data analyses used height growth with ages of progeny and provenance trials ranged from 7 to 35 years. Results
show that, (a) genetic differentiation among families and provenances is greatly related to regional variation in
temperature than precipitation; (b) for most of the breeding regions, local seed appear to be the best choice for
maintaining forest productivity; (c) opportunity exist for limited movement of seed from lower to higher elevations
and from lower to higher latitude segments of neighbouring breeding regions to boost forest productivity. Because
Alberta is predicted to be warmer and drier, adaptive traits such as survival during early stages of stand
establishment may be more important in the future than height growth. Therefore, future assessments of young field
trials will concentrate on early age performance to establish the cause of tree mortality at the stages when trees are
highly vulnerable. Data from such assessments will enable the province to address regeneration-related challenges,
especially in drought-prone areas. The TSARM has now ended and the government will review the results and how
to integrate them into provincial seed transfer standards as part of the Alberta climate change adaptation strategy.

WESTERN GALL RUST GENOMICS

Alberta Innovates Bio Solutions (Al Bio) and the Forest Management Branch are funding a genomics research at
the University of Alberta. This project is part of the province’s effort to address existing and emerging forest insect
and disease problems that are expected to increase in a warmer and drier climate. The project is focused on the
genetics of lodgepole pine, jack pine, the hybrids of the two species, and the fungus (Endocronartium harknessii). It
involve inoculation of pine genotypes from different breeding programs using fungal spores from lodgepole pine
natural range in Alberta and British Columbia, especially where the rust is prevalent, and in pure jack pine
populations outside the hybrid zone. The research team is made up of scientist from the University of Alberta
(Departments of Biological Sciences & Renewable Resources), Canadian Forest Services, Forest Management
Branch, in collaboration with British Columbia Ministry of Forests, Lands and Natural Resource Operations.

POLLEN CONTAMINATION IN SEED ORCHARD

Alberta Tree Improvement and Seed Centre is currently genotyping clones in white spruce seed orchards and
background trees at its headquarters in Smoky Lake, Alberta. Orchards for most of the white and black spruce
breeding regions, and research spruce plantations are located in this Smoky Lake complex. Genotyping of clones,
background stands and seedlots from the seed orchards is aimed at establishing the “actual pollen contamination”
(fertilization by contaminant pollen) and possibly replace the pollen capture and counting method of determining
pollen contamination rate that ATISC currently uses. It is assumed that, because not all outside pollen entering the
seed orchard end up fertilizing orchard clones, contamination rates determined by a pollen capture method may be
higher than the actual contamination rates determined by DNA-based paternity analysis. In addition, results from
this genotyping work may be used to assign/fix the “expected rates of pollen contamination” to each seed orchard
and replace annual pollen contamination monitoring.

STAFF CHANGES
In November 2014, Ms Jodie Krakowski joined the Alberta Tree Improvement and Seed Centre as a forest
geneticist. Before moving to Alberta, Jodie was an employee of the British Columbia Ministry of Forests, Lands and

Natural Resource Operations. She is a gene conservation enthusiast with an exceptional dedication to conservation
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and restoration of limber and whitebark pine. Jodie is both a registered professional biologist and professional
forester.

In January 2015, Mr. Leonard Barhnardt retired from the Alberta public service after more than 25 years of
dedicated work with the Alberta Tree Improvement and Seed Centre. With the background in both forest ecology
and genetics, Leonard was a strong supporter of genecology, provincial standards on seed transfer, gene
conservation and management of forest genetic resources. He was a long-term member of the Alberta Forest
Genetic Resources Council and the Alberta representative to CONFORGEN. Until his retirement, Leonard was the
manager of the Alberta Tree Improvement and Seed Centre.

In June 2015, Ms. Lee Charleson joined the Albertgublic service as the manager of the Alberta Treenhprovement
and Seed Centre. Ms. Lee has previously worked witforest companies in Alberta and prior to her current at the
Alberta Tree Improvement and Seed Centres, she was government staff with the British Columbia Ministry of
Forests, Lands and Natural Resource Operations
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WESTERN FOREST PRODUCTS —SAANICH FORESTRY CENTRE ORCHARDS

Annette van Niejenhuis R.P.F., Western Forest Products Inc.,
avanniejenhuis@westernforest.com

Keywords: seed orchard, supplemental mass pollination, parent tree,

Western Forest Products (WFP) produces high quality seed for our forest regeneration programs in our operations
in coastal British Columbia. Seed that is surplus to our needs is available to other licensees operating in the
Maritime Seed Zone. At our Saanich Forestry Centre we manage seed orchards for four conifer species: coastal
Douglas-fir (P. menziesii (Mirb.) Franco var. menziesii), western redcedar (Thuja plicata Donn ex D. Don), western
hemlock (Tsuga heterophylla (Raf.) Sarg.), and Sitka spruce (Picea sitchensis (Bong.) Carr.). We manage yellow-
cedar (Callitropsis nootkatensis (D. Don) Oerst) hedges as well. Our annual planting programs average 7.5 million
annually for our tenures on Vancouver Island and the mainland coast. Seede for more than 80% of our planting
stock comes from orchard sources, delivering gain in volume or pest resistance.

We implement management techniques including orchard roguing, ramet replacement, to maintain leading-edge
orchards. We manage for improved seed quantity by applying induction, supplemental mass pollination, insect
control and management, and cultural management.
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Western Forest Products supports research into genetics, tree seed production, and related studies conducted by
researchers at the Ministry, Universities, Forestry Canada, and associated consultants and contractors. We are
active in the BC Forest Genetics Council and its committees.

COASTAL DOUGLAS-FIR

Low and high elevation coastal Douglas-fir comprises about 35% of our annual planting program. We manage
three orchards to meet our needs.

We have increased capacity and the genetic quality in our coastal Douglas-fir orchards in the past decade. Our
newest low-elevation orchards include selections with average genetic worth for volume of 19. Wood density is a
second trait of interest: included parent trees are projected to maintain wood density values to deliver a high-
value product at rotation. These parent trees include third-generation parents identified in the province’s coastal
Douglas-fir breeding program. As the orchards are not at full capacity yet, WFP presently purchases and deploys
seed from other producers, together with the seed from our orchards. Our 2014 crop produced seed for 2.5
million plantables.

We manage a high elevation Douglas-fir orchard at the Saanich Forestry Centre. The breeding value of the stock in
this orchard is 13. We registered a 2014 crop for 100 k seedlings from this orchard.

We provide seed and pollen monitoring data for studies into parental contributions that UBC’s Dr. El Kassaby and
his research team are conducting. Estimates for pollen contamination are being examined; these have significant
impact on the seed lot genetic quality scores.

WESTERN REDCEDAR

Western redcedar likewise comprises about 35% of our annual planting program. As the provincial western
redcedar breeding program identifies additional selections for orchards, WFP incorporates those selections in our
orchards. Roguing and ramet replacement balanced with maintaining production keep these orchards at the
leading edge. Our western redcedar orchards delivered a seed crop in 2014 for more than 10 million seedlings
with volume gain of 17%.

We also manage a western redcedar orchard comprised of selections from Haida Gwaii only. This orchard seed is
preferred to wild seed by most licensees operating there. The 2014 crop produced seed for 385 k plantables.

Our Operations have established browse resistance operational trials, using the stock selected and further
developed by breeding, as part of the BC Ministry breeder’s western redcedar program.

WESTERN HEMLOCK

We manage two western hemlock orchards: one for each of the low elevation and high elevation seed planning
units. In 2012 we rogued the low elevation orchard to raise the potential quality of seed crops to a genetic worth
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of 17. The 2014 crop provides seed for 660 k seedlings and delivers a volume gain of 17% at rotation. The high
elevation orchard produced a 2014 crop for 390 k seedlings with a genetic worth of 12. Western hemlock seedling
requests average 10% of our annual planting program.

SITKA SPRUCE

The weevil-resistant Sitka spruce orchard at Saanich Forestry Centre has not produced a crop since 2010, but a
reasonable crop is anticipated this year. This orchard includes selections identified by the Ministry’s Sitka Spruce
breeding program, and its seed delivers 85% weevil resistance to regeneration programs. WFP requests for Sitka
spruce are between 2% and 5% of our annual planting program. Regeneration from this seed demonstrates very
good growth when grown together with non-resistant stock on sites where weevil hazard is low or nil. Selection
for volume as a secondary trait is anticipated from among the weevil-resistant parents.

We also manage a Sitka spruce orchard with selections only from Haida Gwaii, where the weevil is not present. In
2014, this orchard produced seed for an estimated 396 k seedlings with volume gain at rotation of 6%.

YELLOW-CEDAR

WEFP continues to deliver high gain cuttings from our yellow cypress cuttings selections. We review the rooting
success of our selected clones annually through testing and operational production. Our material delivers stock
with a projected volume gain of 20% at rotation. Costs for rooted cuttings are significantly higher than that of
seedlings, and nursery capacity is limited. Yellow cypress demand ranges from 5% to 10% of our annual planting
program, and we meet 30% to 50% of that demand with high gain material.

Three decades ago, when nurseries were experiencing germination challenges with wild seed due to lost
stratification, wild seed crops were sporadic and costly, and orchard production in our established orchards
was not successful, cuttings were selected as a means of keeping yellow cypress in our planting programs.
Today, we have significant improvement in nursery handling of yellow cypress seed and delivery of planting
stock, and numerous pollen and seed production studies indicate that yellow cypress seed production is
possible in cooler, more moist environments. WFP is initiating the development of a woods-orchard to deliver
gain more broadly at lower cost through seed deployment.
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BRITISH COLUMBIA MINISTRY OF FORESTS, LANDS AND NAT URAL RESOURCE
OPERATIONS
FOREST GENETICS SECTION TREE IMPROVEMENT BRANCH

Charlie Cartwright, Barry Jaquish, Stephen Joyce, [ave Kolotelo, Greg O’Neill, John
Russell, Michael Stoehr, Nick Ukrainetz, Chang-Yi Xe, Alvin Yanchuk

Ministry of Forests, Lands and Natural Resource Opgtions (FLNRO)
Tree Improvement Branch (TIB)
PO Box 9518 Stn Prov Govt
Victoria, BC V8W 9C2

This report covers the breeding, testing and selegrrogress for the economically-important trgescées of
British Columbia for which a breeding program exjstnd outlines some of the research carried ootibyeam.

Interior Spruce
Barry Jaquish

The BC interior-spruce tree-improvement program inéimted in the late 1960s and has progrességet@oint
where virtually all of the approximately 90 millianterior spruce seedlings planted annually origirfieom
improved class “A” seed orchard seed. The firstegation open-pollinated and polycross testing @ogmncludes
2533 families and 75 test sites, the oldest of wigc43 years old. To date, the second-generagiting program
includes 753 full-sib families and seven test sikéighlights of the 2012—-14 reporting period ina@ut) the forward
selection of 100 trees from full-sib second-genengprogeny tests in the Bulkley Valley seed plagrizone, 2) the
establishment of two full-sib second-generatiorgpry tests for the Thompson Okanagan seed plazoimg, and
3) the continuation of screening select seed odcharents and second-generation selections fataesie to
terminal weevil Pissodes strobi Screening of 58 parents from seed orchard @dthe high-hazard Prince
George seed planning zone was very successfulesmedas resistant genotypes were identified. Oleted
probability of surviving severe weevil attack raddeom 81 percent (genotype PG29) to 25 percerisuRs from
this artificial weevil screening will assist in tdevelopment of molecular markers for weevil resise by the
Genome Canada SMartForest project.

Western larch
Barry Jaquish

Western larchl(arix occidentali$ seed orchards are in full production and provideroved seed for the annual
planting of approximately seven million seedlin§econd-generation breeding is nearly completedthr tvestern
larch seed planning units, and full-sib second-gaien progeny tests should be established in dae future. The
western larch seed planning zones were realign2dif to allow limited planting outside of, andrpairily
northwest of, its natural range. These changes wexde to 1) account for expected climate cha2jgacilitate
assisted migration of western larch, and 3) inaréeee species diversity in the central interior.

Interior Douglas-fir
Barry Jaquish

The interior Douglas-firRseudotsuga menziesar. glaucg program began in 1982 and has progressed tooihe p
where first-generation progeny tests are 20—-30syeldr; seed orchards are in production, and segendration
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breeding is nearly complete in high priority zon€xafting commenced to establish new seed orcHardbe
Thompson Okanagan seed planning zone. Open-gellifamilies of all seed orchard parents (150 ialYavere
grown for screening for resistanceAomillaria root disease. This screening is a cooperativiegrbetween
FLNRO and the Canadian Forest Service (Victoria).

Lodgepole Pine
Nicholas Ukrainetz

The lodgepole pineRinus contortavar. latifolia) breeding program has progressed from open-ptalihgirst
generation) progeny testing to full seed productioseveral seed planning zones. Five zones werdifiitd as
high priority for advanced generation breedingotniation from open-pollinated testing was usedtikmparents
for growth and wood density. Top parents were setefor second-generation (F1) breeding and weargsed to
produce a growth and a wood density breed. Thenslegeneration progeny tests are now between 1Qaydars
from planting. Age 10 height data were used to nfaksard selections in two zones (153 and 199 seles), with
the remaining three zones scheduled for assessmenthe next two years. The highest priority tcaibtinues to
be volume at rotation; however, three pathogens baen identified for resistance breeding: weggalhrust
(Endocronartium harkness$jiComandra blister rus€¢onartium comandraeand Dothistroma needle blight
(Dothistroma pinj. We are also continuing to survey attack by maumpine beetlelfendroctonous ponderospe
when progeny tests are attacked. Data from firdtsstond-generation progeny tests were used topamekts for
resistance to mountain pine beetle, Dothistromaleddight, and Comandra blister rust; small cnoggrograms
were completed in order to provide material foufattesting and resistance research. Crossingéistance to
western gall rust will commence in 2016. Thereteu@ series of realized gain trials that will be ritored to verify
breeding values and gain estimates for parent tne@seed orchards.

Western White Pine
Nicholas Ukrainetz

The western white pind’{nus monticolabreeding program is split into two breeding papioins servicing coastal
and interior regions of the province. The primargus of the breeding program is white pine blistist
(Cronartium ribicolg resistance; secondary priorities include maintgjr@daptation to local biotic and abiotic
factors, and enhancing growth. The program beg#magntrolled inoculation trials of seedlings grofsom seed
collected from wild trees that had no active blistest infection. Seedlings were monitored for atilen for several
years then selected for seed production in sedthaids. The coastal program began F1 crossing gidyael four
series of progeny tests, which are now servingsasuece of material for seed orchards. Infectiaia dlmm these
trials have helped to accurately rank parent tfeeesistance to blister rust and growth. Approadiety 120
forward selections have been made from progeny fesfuture breeding and orchard production. Tterior
program acquired 50 trees from the Idaho breediagram that tested well and have formed a strongtiebase.
Controlled crosses were created among the |dalemfsaand the progeny screened in controlled intioul#ials.
The focus of the interior program now is on F1 Hileg among resistant parents and the establishofigmbgeny
field trials to assess field level resistance. Matealized-gain trials indicate strong resistanoe orchard
populations. A fifth series of progeny tests wagldged on four sites in maritime, submaritime, amtdrior
continental regions with controlled-crosses amaoagd from the northwestern United States, coas@l &d
Idaho. This series will provide information aboengtype-by-environment interactions for growth agsistance,
which will provide information for making recommeattbns about moving material between coastal aredian
regions.

Interior Hardwoods

Nicholas Ukrainetz
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Testing and selection of hybrid poplar in northenvironments is ongoing. A clonal test at Red Rwak used to
characterize several controlled crosses amongidils ofPopulus trichocarpaP. deltoidesP. maximowiczji
andP. nigra Several clones were identified with superior gitoeharacteristics and tolerance to northern clmat
and these have been selected to create a stowlhiell will be available for operational use andtier research.
An extensive genecology and open-pollinated prodgestying program has been established for papehn Betula
papyriferd. There was significant genetic variation for vok; several forward selections have been made and
grafted into two seed orchards for operational ggeduction.

Ponderosa Pine
Nicholas Ukrainetz

There is one active seed orchard for ponderosa(Bines ponderosawhich was created based on information
and selections from a provenance test includingriztfrom the species’ range in B.C. and northesest).S. The
orchard population reflects the species variatioB.iC.; deployment of orchard seed will be restddio an area
that reflects the current realized niche of thecigse The fundamental niche of the species is é&fdo increase
with climate change. Individuals with superior gtbwharacteristics in provenance tests will bectetband
archived for a future breeding program.

Coastal Douglas-fir

Michael Stoehr

Complimentary tests are used for the advanced gtoettesting and selection of coastal DouglagFfgeudotsuga
menzies), with 4 GCA tests and 2 full-sib (fs) family-bllotests in three series and a set of 4 full-ssstéor
Series 4. Analysis for the complimentary testsofol a combined (GCA and fs tests) mixed linear rhosiag
ASReml, with the selection criterion being heightge 11, and forecast to volume at rotation aQey/é@irs) with
the use of an age-age correlation to account foemi@inty. Wood density, estimated for each famding the
Resistograph, and stem form (ramicorm branchingsamabsity) are secondary traits in this selecticmeme. As
part of final selection, all forward selectionsrfréhe fs tests are screened for the native neéshagk, Swiss
needle castRhaeocryptopus gaeumanniip 2015, selections from Series 2 were distrid#rd planted in seed
orchards. These selections have an average geaétiof around 25%. In the fall of 2015, selectionl be made
in Series 3 (out of 4) and grafts will be plantedéed orchards in the spring of 2017. Trees ireSdrwill be
selected in 2018. For the next generation of im@naent, the breeding strategy is based on 4-paiateld per
subline with additional crossings across Seried,mussible open-pollinated testing followed by noalar paternal
analysis. It is anticipated that 128 parents fdmmtreeding population (4 parents x 32 sublines)) am expected
Ne of around 80 to 90. Conventional selection prdoces will also be supplemented with genomic silect
approaches for wood quality, by screening the ggrest of the forward selections for markers assediatith high
wood density in the parental (training) population.

Western Redcedar
John Russell

Tree breeding for western redced@injja plicatg involves the development of three overlappingtieg
populations from first-generation selections: 1lumee growth and cedar leaf bligiRiflymascella thujina
resistance, 2) heartwood durability, and 3) desistance.

Volume growth and cedar leaf blight resistafC&B): Breeding for first-generation polycross testingaiving
approximately 1000 parents for the Maritime Low &8é&anning Unit (SPU), is complete. Seven annui¢sef
tests have been established totalling 46 sitesrizmysix seed planning units. Parental breedingesfor volume
at rotation and cedar leaf blight resistance areeatly being estimated from all seven series basetl0-year data
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(1000 parents). Rogued and new seed orchards mentty producing seedlots with a genetic wortha@0%
volume at rotation with partial resistance to Cl&8lvanced generation breeding is currently ongoisigg
assortative mating with partial diallels.

Heartwood durability:The original 350 BC parent trees selected in thky 4870s (also represented in the first
three series of polycross testing described aboeed assessed for heartwood durable chemicals wsiad cores
from grafted ramets established in Cowichan LakeeRech Station (CLRS) clonebanks and industry eegthrds.
Fifty selections based on tropolone and lignan eatrations have been cloned and established idanaed
generation breeding orchard and advanced genetaenling is currently ongoing using assortativéimgawith
partial diallels.

Deer resistancelnitial selections for a deer resistant populati@mre made from both a family/population study
(within-family forward selections) and the CLRS méibank (parental backward selections) based onrtgigtile
monoterpene concentration and low deer browse.el$gections were bred in an advanced generatiougton
using assortative mating with partial diallels. [lgaelection for foliage monoterpenes has resuhegpproximately
100 forward selections for high needle monotergmmeentration. Breeding F2 population is curreatigoing.

The development of a broad-spectrum, durable ptipaléor resistance to known and unknown pests uade
changing climate is ongoing involving the above ydafions. A UPP grant from Genome BC in conjunctigth
Bohimann lab at UBC (CEDaR) has been exploringugeof multi-trait genomic selection in this dugbl
population. The main economic trait driving thisjpct is heartwood durability, a trait that canhetevaluated
until after 30 years in progeny trials.

Yellow Cypress
John Russell

Yellow cypress Callitropsis nootkatensjss a major component of high-elevation coastalf8@sts. The genetic
management of this valuable species involves genservation, genecology, and tree breeding. Fifieam
measurements have been completed for the yellovesymenecology trials, which comprise approxinyziél
populations established on 10 sites throughoutB@lyses indicate the lack of a correlation betwsesd-origin
climatic descriptors and mean provenance performascseen in the 10-year data. Current liberal tsapsfer
guidelines reflect this random provenance geneti@tion.

Yellow cypress propagates vegetatively in natue@me crops are usually infrequent with histohjcabor seed
viability and germination. Tree improvement hasuksed on a clonal strategy. Twelve-year data freen 20 trials
(Western Forest Products Inc. and FLNRO) have bekected and clonal genetic values from approxayab000
clones have been estimated. Elite clones, basedlome and form, have been established in opetiverige
orchards. The advanced generation is currentlygdaied using assortative mating. Research is oggoiimprove
seed production efficiencies in clonal trials eBshied in native yellow cypress ecosystems.

Red Alder
Chang-Yi Xie

Thirteen provenance-progeny trials in two testesehiave been established. Test population inclaldest 10
families from each of 24 natural populations ragditom northern British Columbia to California aB# control-
pollinated families from a clone bank. The firsdtteeries was established at nine sites (blackssjuaith 5
replications at each site. The main objective f sleries of tests is to collect genecology infdiamafor
developing seed transfer guidelines and to selgirior seed sources. The second test series veddigsed at 4
sites with 15 replications at each site. The maiective of this test series is to estimate gergdiameters and
make selections for future breeding and seed ptumiuc
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Climate change adaptation research
Greg O'Neill

BC'’s Climate-Based Seed Transfer technical workjrayp completed the technical aspects of a proposedseed
transfer system for BC. A report describing thepmsed system, including a comprehensive approaassisted
migration, went through external scientific reviéfpril 2015) and is under stakeholder review (RML5).

Age-10 height was collected in September 2014 erirtterior spruce climate change/genecology praveadrial
(128 populations at 17 test sites; a project dareoilaboration with Barry Jaquish). Age-5 heightlgpest damage
are being collected on the 15 species tested di&lsites in the Assisted Migration Adaptation T(REMAT)
(http://www.for.gov.bc.ca/hre/forgen/interior/AMATH). Both of these trials are long-term field progetttended
to provide a better understanding of tree speciggate adaptation and guide seedlot selectiondnaaging
climate, and will be used to help refine BC's negdtransfer system.

Age-6 data collected on the interior spruce clintditgnge/genecology provenance trial, together agér16 data
from various Douglas-fir provenance trials weredugean analysis that examined transferability mhard and
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wildstand seedlots. Results confirmed the growftesority of the orchard seed sources while defnatisg that
selected seed sources were considerably tallemihdstand seed sources when transferred shortedium
climate distances. See report by O'Neill, Stoeltt Zaqquish (2014) below.

Genetic Conservation
Charlie Cartwright

Whitebark pingPinus albicaulisEngelm.) is a high elevation species which has 47%s natural range occurring
in BC. It has undergone catastrophic populationiies largely due to white pine blister rust (Cndiuan ribicola
J. C. Fisch.) but to a lesser extent by mountaie pieetle Dendroctonus ponderos&éopkins), wild fire and
human activity. Further vulnerability results fratow growth and late onset of cone production plasost
exclusive reliance on Clark’s nutcracker (Nucifragédumbiana Wilson) for distribution of seeds. Aeault,
whitebark pine is blue listed (at risk) in BC undlee Endangered Species and Ecosystems Prograrimistiyl of
Environment (MOE). More significantly, it was cli#ssd as endangered under the federal SpeciesatARit
(SARA) in 2012. The repercussions are that EnviremnCanada (EC) must file a recovery plan withio fwars
and status reports periodically thereafter. ThaB4RA applies directly to federal land, it is writtguch that it is
incumbent on the provinces (clauses 5, 34[2], 39[ahd 60[1]1) to support federal action which bardemanded
through orders to comply.

Gene conservation activities in Tree ImprovemenBh commenced in 2006 with natural stand seedatimhs
for rust resistance screening by then white pieeder John King. Cone collections have continueipply the
FGC Gene Conservation TAC (GCTAE) situreserve seed collection at the Tree Seed Cemtigyl®ave
Kolotelo. Genetics trials are currently being ekishied to 1) identify rust resistance populationd adividual
trees plus 2) develop climate-based seed trariiiés.is led by Charlie Cartwright, Nick Ukrainefairfe breeder)
and Michael Murray (regional pathologist in Nelsany will evaluate 500 parent trees.
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BRITISH COLUMBIA MINISTRY OF FORESTS,

Cone and Seed Improvement
Dave Kolotelo

The Tree Seed Working Group continues to provide extension on seed science and technology through its biannual
Newsbulletin and its biennial workshop. The workshop in Fredericton had a theme of “Development and
Application of Water Activity for Monitoring Seed Moisture Content” and also included virtual tours of several
Tree Seed Centres from across Canada. Since the last CFGA meeting in Whistler (2013) we have produced
Newsbulletin editions 58, 59, 60 and 61. Previous Newsbulletins can be found at this new web address
http://www?2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/tree-seed/tree-seed-

centre/cone-seed-improvement-program/tree-seed-working-group

Several areas were of key focus the past two years: our Kilning Strategy and seed extraction efficiency; genetic
conservation and implementation of water activity. The kiln strategy revolves around ensuring structural integrity
of our 27 year old kiln (done); obtaining a controlled Temperature* Humidity chamber to test various kilning
regimes (ongoing) and to eventually modify our kiln environmental controls to improve its efficiency. Trial work
continues to focus on lodgepole pine in terms of both breaking cone serotiny and subsequent refection of cone
scales to maximize seed extraction. Seed extraction efficiency is focused on refining Quality Assurance methods to
help make the appropriate re-kilning decisions.

Genetic conservation has focused on expanding our seed bank with collections of non-commercial tree species.
We obtained a water activity meter and we have been using this to non-destructively assess that the seed is dry
enough for freezer storage. We hope to expand this technology to other uses at our facility. Time and effort has
gone into specific genetic conservation extension and co-operation efforts with whitebark pine. During this time |
have also reviewed the dormancy-breaking treatments applied to our most dormant commercial species —
western white pine and yellow cypress.

| continue to participate in several committees: ISTA Forest Tree and Shrub Committee; Genetic Conservation
Technical Advisory Committee (TAC); Coastal and Interior TAC. | helped organize the TSWG workshop on water
activity and have made presentations and initiated discussions regarding tree seed on a multitude of topics. |
provide facility tours, supervise our Testing group and continue to assist with succession strategies.
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Abstracts - Invited Papers Session

Plantation Silviculture in the 21st Century - Optimizing Stand Value by Integrating Site, Genetics, and Cultural
Treatments (G x E x M)

H. Lee Allen
Department of Forestry and Environmental Resources, North Carolina State University
Raleigh, NC 27695, USA

Corresponding Author: allen.profor@gmail.com

Historically most forest landowners have focused on minimizing per hectare costs associated with
plantation establishment and tending. This approach has resulted in millions of hectares of planted forests with
growth rates that are substantially lower than what is biologically possible and financially optimum. Fortunately,
during the past 25 years considerable advances have been made in our understandings of the genetic, ecological,
and physiological basis for productivity. This knowledge has dramatically increased expectations concerning the
productivity and value of plantations.

To realize these expectations, integrated silviculture regimes are needed where the crop trees, soil, and other
vegetation are actively managed to optimize value. Implementation of these regimes requires ecophysiological
knowledge concerning how a crop tree’s genetic make-up interact with the environment to affect productivity,
stem quality, wood quality, and susceptibility and resistance to insects and diseases. In addition, a site specific
understanding of what resources limit production (temporally and spatially) and how cultural treatments can be
used to ameliorate these limitations are required.

With tens of millions of hectares already planted with improved material and more than a million
hectares being planted every year, many questions and concerns are being raised by forest managers. These
include: what genotype(s) should be planted on what sites, what gains in volume and value will be realized at
final harvest, what traits will lead to value gains at the end of the rotation, will the benefits of deploying clonal
material offset the costs and risks, is the genetic material that is current being planted plastic enough to continue
to thrive as climate changes, does the use of clonal material provide the opportunity to plant fewer trees per
hectare, will thinning be needed, will other novel silviculture systems be possible, will landowners be able to
realize gains in wood quality?

Applying our developing knowledge concerning G x E x M provides the basis for answering many of
these questions. Intensive plantation silviculture is similar to modern agriculture but still firmly based on
forestry’s strong ecological foundations.



Adding value with tree improvement: a case study from British Columbia
Jack Woods
Forest Genetics Council of British Columbia
3250 West 15th Avenue, Vancouver, BC, V6K 3A9, Canada

Corresponding Authorjwood.fgc@shaw.ca

Forest genetics includes a broad range of a@svifThis presentation will focus only on tree inyanment
as an economic endeavor that is intended to adet waltimber production. It is important to fullpderstand what
constitutes value by examining the products deriveth logs and the probable trends in product dgyraknt.
Logs from Canadian forests are utilized primardy @limension lumber, pulp, and paper. There has bestrong
trend in wood manufacturing to effectively utilipeorer-quality logs. Milling developments contintee change
relatively quickly and will continue to find ways profitably utilize poorer quality fibre. Timbergauction and
silvicultural interventions take place at a mucbwsr pace than milling upgrades and product devedot.
Against this background of long growth rotationsl ahorter cycles of utilization and milling, opparities to
improve wood quality through tree improvement hbwdted value. The only trait that is consisterittydemand is
faster growth and higher log-volume production. sThrgues for selection for fast growth or selecfion pest
resistance pests are an issue.

In British Columbia, a system of quantifying growth gains from tree selection through to final rotation has
been developed. The initial and most critical component of this quantification of gain is the development of a
breeding value that reflects expected volume gain at an average stand-rotation age. This breeding value is then
used in seed orchards to estimate a seedlot genetic worth for growth (GWg). All orchard seedlots produced in BC
have a GWg associated with them that can then be used by operational foresters to evaluate the genetic quality of
the seedlot. Growth models have a function that allows the input of a seedlot GWg to estimate stand growth and
yield. These growth and yield data may then bézetdl by timber supply models to estimate timbeilakdity over
time from a management unit or forest estate. Tdhdbhese steps, determinations of annual harvesncarporate
genetic gains from tree improvement programs. Tukti@anal value prospects from this system willdiecussed.



Breeding and seed orchards in Sweden — how to get gain into the forest
Bengt Andersson Gull

Skogforsk, Sweden
Corresponding Author: Bengt.Anderssonqull@skorgforsk.se

Forest tree breeding in Sweden is carried out lygfksk and is jointly financed by the forest inttysand the
Swedish government. Skogforsk also carries out npaspagation for establishing seed orchards, funaied
operated by stakeholders (land owners, plant pexdjic

The general aims of Swedish forest tree breedirgiato increase value production in cultivatedefis; ii) to
prepare for climate change; and iii) to conservé mmanage genetic diversity. Breeding for the foaimspecies
Scots pine, Norway spruce, silver birch, and lod¢empine is carried out according to a Multiple-Biggion
Breeding Strategy (MPBS) in separate unrelated quidptions, each with 50 or more breeding parehte
various subpopulations are field tested and breddaptation to different combinations of latitieded temperature
conditions, including combinations that lie outsideat is normal under the present climate. Thigltes$n suitable
material for the various geographical/climatic oetg, in addition to a state-of-readiness for clenethange. By
selecting the genetically best trees from one eerse breeding populations for mass propagatioed sgchards or
clone mixtures), improved regeneration stock isi@e with the desired adaptation profile.

The establishment of a third round of seed orchédS§cots pine and Norway spruce, planned for 28020, is
soon to be completed. Orchard clones are sele@séldbon genetic testing with an average genetit igaiull-
rotation productivity of ca. 25 %. The program &ianwide, including almost 600 ha of orchard aatan annual
budget exceeding 100 million SEK (ca 15 million CARand will fully supply future demand for seedling
production and seed for direct seeding.

Economic calculations show convincingly the finahdienefits of using improved reforestation matetke higher

the site index the larger profit. In fact, it idfitiult to find any investment in silviculture théteats genetically
improved seed and seedlings. A genetic gain of 28%double the land expectation value on a fersi@l at an

interest rate 2.5%. The use of such seedlingses@abm for additional investment corresponding f@ant price

of four times more than current, making possibterahtive propagation methods such as soneatibryogenesis.
It is obviously preferable to allocate the gendiychest material to the most valuable sites. Bameple, selective
harvest from superior clones in current orchardsishbe used for seedling production, while theailer can be
used for direct seeding on less fertile land.

In parallel with the economic calculations, handssecommendations on suitable reforestation méateraspecific
sites are needed to get the genetic gain into tfgresluction. We have developed a web-based deeisiking
tool “Plantval” (ttp://www.kunskapdirekt.se/sv/KunskapDirekt/Allaetktyg/Plantval that is operating and free
of charge. All available Swedish seed sources, onvgat and unimproved, are listed and given a préagluéhdex
(combination of survival and growth rate) dependimgchosen planation site. Predicted survival amdvih are
based on transfer functions and genetic gains fmorchards are added. By taking into account bothptfesent
climatic conditions, which are crucial for seedlisgrvival and establishment, and future conditionkjch




determine the growing conditions during the rotatibis possible to optimize the deployment obrektation stock
currently available.

Skogforsk and Luke (The Natural Resources Instifitéand), with input from SMHI (Swedish Meteorologl and
Hydrological Institute) and FMI (Finnish Meteorologl Institute) and funding from Foéreningen
Skogstradsforadling (Swedish Tree Breeding Assiocipaind the European Commission’s Framework Progra
7, have developed new transfer functions validSoots pine both in Sweden and Finland north ofuldéi 60°N.
These functions are based on new climatic indisesl in scenario and ensemble analyses in climed&arch. The
indices are also corrected for bias towards obseclienatic indices. Yearly mean temperature, terapge sum,
and altitude of the site together with latituditrainsfer from provenance origin were the main exgtlery variables
for growth and survival. An updated decision-makiogl, where the user specifies both reforestasibes and
climatic scenarios, is now under construction. Tdw will also make possible the use and tradeefdrestation
material over national borders. A similar projedtere Sweden, Finland, Norway and the Baltic Steddlaborate
to develop response functions for Norway spruce fegently been started within phase two of the aete
programme Future Forest funded by Mistra (the Sste#fioundation for Strategic Environmental Reseaish),
Umea University, Skogforsk, and the Swedish foiredtistry.



Incorporating genetic gain into growth and yield malelling

Chris Hennigar

FORUS Research, Fredericton, NB, Canada
Corresponding Authorchris.hennigar@gmail.com

Intensification of silviculture to maintain soft@d harvest levels on public and private lands heenta
dominate theme in New Brunswick over the past 4rgiePlanting with improved genetic stock of spr(Reea
spp.) and jack pine (Pinus banksiana) began opeddly in 1992. As these plantations are still yp\i©25 years),
and because genetic stock planted between 199%rasént has continually improved, long-term estimaif
plantation growth and yield with gains are not &lde. Therefore, observed genetic gains from testd
consultation with experts are used to modify emgstsimulation models of individual tree growth ilamtations
(without gain) in order to estimate improvementssiand volume, time to harvest, and product distigims for
long-term wood supply planning. Genetic gain stesdid modeling approaches used by the New Brunswick
Department of Natural Resources to incorporate tgemmin expectations in stand and forest forengstire

discussed.



Overview of NBTIC- Forty Years of Cooperation

Kathy Tosh

Registered Professional Forester, Fredericton, SBnada
Corresponding Authorkathy.toshhicks@gmail.com

The New Brunswick Tree Improvement Council (NBTI@as established in 1976 to coordinate tree
improvement efforts of government and industriatragies and to facilitate the free exchange of gemesterial
and information. At the time, reforestation progsawere expanding rapidly and all agencies recogrtize impact
tree improvement could have on wood supply.

Although NB is one of the smallest provinces im&aa, forestry is a major industry with approxirhate
50% of the land base managed for the province hy ficensees. The annual planting level on Crowrd I&
approximately 12,100 ha (22-25 million) most of aHnis full planting. The cooperative nature amdmgmembers
of the Council has allowed NB to be a forest gexsdetader in Canada.

At present, the Council is comprised four indagtcdompanies, two universities, and provincial &etkral
governments. The provincial government is the Egehcy for coordinating and conducting breedingynms and
growing seedlings for genetic testing. Industriamiers participate in selection and breeding aadesponsible
for planting, managing, and measuring the testget@é industrial companies also produce seed aedlings for
their freehold reforestation programs.

Plus tree selection, orchard establishment anétgetesting have been carried out steadily overl#st
forty years. A total of 3119 first-generation, Y1€econd-generation and 40 third-generation pkesthave been
selected. Over 350 tests have been establishedes00 ha. First-generation programs for blackisprand jack
pine consisted of seedling seed orchards and opéingted family tests, in contrast to those of tetspruce and
tamarack which were clonal seed orchards and dgmbitinated progeny tests. Production from thedseechards
has been regular and heavy. By the early 1990'er(in 15 years), most reforestation stock was bgiogvn from
orchard seed. Seed orchard management includitiigéarand GA applications both is orchards anshel banks
have been used routinely to increase cone productio

Seedling production in the province has remairieddy over the last number of years with all ofgked
(black spruce, white spruce and jack pine) comioghfimproved second-generation orchards. Otheariepesuch
as Norway spruce and red spruce have been addlee program. Species priorities have changed tiwer with
white spruce, black spruce and red spruce repiiageitie majority of the species currently plantéitb date, 304
ha of orchards have been established yielding 891ljftes of cones, 5942 kg of seed and over 2lidiiseeds!

Over the last 40 years NBTIC has made signifigaogress in improving the quality of trees planted
New Brunswick. The success of the program is direetated to the leadership and scientific dir@ctfrom CFS,
the support from all of the NBTIC members over ffears and the commitment and leadership from DNR.
Together we have made a positive impact on theesfation program in NB.



Genomic selection — Potential and current limits oapplication
in boreal conifer breeding programs

Jean Beaulied? and Jean Bousqueét

'Natural Resources Canada Canadian Wood Fibre CeStie-Foy, QC, Canada
2 Canada Research Chair in Forest and EnvironmeG&homics, Université Laval, Ste-Foy, QCCanada
Corresponding AuthorJean.Beaulieu@NRCan-RNCan.gc.ca

Genomic selection has been proposed as an alternat conventional pedigree-based selection, where
pedigree information is replaced with dense genetigker information to estimate the genetic valfieeach
individual. Genomic selection can theoretically tcap the Mendelian sampling component in the ahesefc
recorded phenotypes because at an appropriate mugmksity, all loci that explain some of the phgpat variation
are presumably tagged.

At the current stage of the development of thehnetbgy, genomic selection could not replace
conventional breeding in conifers. But high predittaccuracies can be obtained with well-trainedief® applied
to select tree from the same population. Breedirales could be hastened as well as the productiGuperior
plantation stock in combination with somatic emlygoesis, which is being scaled up at the operdtienal in
several jurisdictions producing improved spruceadieg stocks. Because boreal conifers have longding cycles
in part due to long delays in evaluating traitthet mature stage, they likely represent the casreubarly forward
selection by use of predictive genomics will geteethe most important improvement of gain per ohitime and
tangible economic benefits.



Integration of somatic embryogenesis and genomic selection with multi-varietal forestry

Yill-Sung Park

Natural Resources Canada, Canadian Wood Fibre @eR® Box 4000, Fredericton, NB, E3B 5P7 Canada
Corresponding Author: ypark@nrcangc.ca

Multi-Varietal Forestry (MVF) is defined as the deployment of a range of genetically tested tree varieties in
commercial plantation forestry. Somatic embryogenesis (SE) and cryopreservation are the enabling technologies
for the implementation of MVF. Recently, it has been shown that genomic selection (GS) has a great potential to
be incorporated with MVF.

MVF is well suited for intensively managed, high-productivity sites. MVF integrated with GS offers a drastically
faster and much greater genetic gain than that from traditional tree breeding. In white spruce breeding in eastern
Canada, for example, the gain is delivered 15 years sooner than the traditional seed orchard breeding. Moreover,
GS will make the testing and selection efforts more efficient and streamlined through pre-screening.

Sufficiently refined and efficient SE protocols for commercial MVF are available for a number of conifers, primarily
the spruces, some pines, and a few larches, but more refinements are required for several economically important
conifers. The main challenge for implementing industrial MVF, however, is the high cost of SE seedling production
due to manual handling of embryos, both pre- and post-germination. In order to be cost effective, it requires the
development of a mechanized embryo handling system for transplanting into mini-plugs for greenhouse culture.
With the lack of an automated transplanting system, complementary serial rooting of cuttings may be used as a
mass propagation tool once the suitable varieties are developed from the SE-based system.

In addition to obtaining a large genetic gain at significantly reduced time, MVF offers flexibility to adapt to
changing breeding goals, environment and disease and insect conditions, and this flexibility is provided by the up-
to-date information obtained from varietal field testing. Furthermore, in MVF, plantation diversity is dynamically
managed over time by carefully balancing genetic gain and diversity based on the best available varietal field test
data.

Key words: Cryopreservation, deployment strategy, genomic selection (GS), multi-varietal forestry (MVF), somatic
embryogenesis (SE), varietal field testing



Sustainable management of forest genetic resourcesder changing climate and environmental
conditions

Om P. Rajora

Faculty of Forestry and Environmental Managementiversity of New Brunswick Fredericton, NB, Canada
Corresponding AuthorOm.Rajora@unb.ca

Global climate and environment changes are subjecting our forest ecosystems and forests, especially boreal and
temperate forests, to significant stresses, which can negatively impact their adaptation, health, productivity and
fitness; consequently affecting sustainability of forest genetic resources. For sustainable managemerires$tf
genetic resources under changing climate and emmient conditions, it is critical to understand gerigenomic
basis of responses and adaptation of forest teeeshainging conditions so that measures to mitigeenegative
impacts of climate and environment changes coulddseloped by selecting, creating, and conservergetically
diverse and healthy forest resources. Genomicsirgs@nd applications provide excellent opportasito address
these crucial research needs. | will discuss houcstral, functional and population genomics anairtformatics
research and applications can contribute to depesfonses of forest trees to climate and envirohotenges and
understand the genetic basis of responses andatidapof forest trees to climate change and aitugioh by
presenting highlights of our own research on tlasgects. In black sprucBi¢ea mariany we have identified and
characterized genes expressed differentially ipaese to climate change conditions (elevated, @tought, and
combined elevated G&lrought co-stressed conditions), their metabatithways and relationships with relevant
physiological traits, and mapped quantitativet i@i for phenotypic and ecophysiological traietated to growth
and adaptation to climate change. We have alsmiexa adaptive response of red spriRieda rubensto sulfate
air pollution and identified genes showing signatuof natural selection in response to air poltutiowill discuss
the results of these studies and their implicatiand applications for sustainable management @fsfogenetic
resources under changing climate and environmertditons.



Genomics of local adaptation in trees: Potential athconstraint in the context of past and
contemporary climate change

JA Holliday, L Zhou, RW Oubida, M Zhang, and R Bawa

Forest Resources and Environmental Conservatiaminda Tech, Blacksburg, VA, USA
Corresponding Authorahl@vt.edu

Forest tree populations are exquisitely adapted to their local environments, but climate change is
substantially altering adaptive landscapes, which is expected to lead to widespread maladaptation of tree
populations to their seasonal temperature regimes. Adapting management strategies to account for these
changes depends crucially on an understanding of the genomic architecture of adaptive traits. Until recently, such
studies have been constrained by relatively sparse sampling of the genome, but the advent of next generation
sequencing allows for true genome-wide genotyping that enables a more comprehensive characterization of the
evolutionary forces shaping patterns of variation. One promising approach to achieve this is exome capture, in
which RNA baits are synthesized that target genomic intervals of interest. We used this technology to retrieve
most of the ‘gene space’ in Populus trichocarpa, which has become a model species for understanding tree biology
and evolution. Samples were collected from across the natural species range, from California to Alaska, and across
two altitudinal transects in southwest British Columbia. This collection was planted and phenotyped at common
garden sites in Virginia and British Columbia. Téenotypes and phenotypes were coupled with clintatia to
unravel the genomic basis for local adaptatioroatse (latitudinal) and fine (altitudinal) spatiahles through tests
of local selection, genotype-phenotype and genegypdronment associations, and characterizatiddedéterious’
alleles. We will discuss these results in the carémanaging local adaptation under climate cleang
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Climate and Economic-smart Forest Regeneration

1* 1 2 2 1
Daniel W. McKenney , John H. Pedlar , Jing Yang , Alfons Weersink and Glenn Lawrence
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Sault Ste. Marie, ON, P6A 2E5 Canada
2
Dept. of Food, Agricultural and Resource Economidsiversity of Guelph,
Guelph, Ontario N1G 2W1 Canada
Corresponding author: Dan.McKenney@NRCan-RNCanegc.c

Seed source selection is one of many challengef®ifest managers under an evolving climate. If gheeise gas
emissions continue on current trajectories, clinmtelel projections suggest radical changes in Gasadimate
this century — well within standard rotation pesofbr most commercial species in Canada. The gsuiperi
implication is that many plant populations are Ik be growing outside of their comfort zone digrithe course

of this century with survival, growth rates, distance regimes, and even silvicultural investmeaisgaffected.

We present a framework and case study that mapgrtigh expectations and net present value (NP$Qcated
with planting black spruceP{cea mariand and white pineRinus strobusseed sources across a study area centred
on Ontario, Canada. The model accounts for climaflaences and change through the use of univeesgionse
functions (URF), which (in principle) predict theogvth of any seed source under any climatic comati The use

of the model will be demonstrated for two locatiam&orthern Ontario; both species exhibited sigaiit variation

in NPV across the study area and significant gagsbciated with “climate-smart” seed movements.egxample,
the NPV associated with potential white pine semdaes varied by more than $1500/ha for a plartitegat North
Bay, Ontario. We also compared the NPV maps toatinsimilarity maps to examine the degree to whkiatple
climate matching can act as a rule-of-thumb or prfmx the detailed genecology relationships comdiin the
URF. Climate similarity was calculated using anstirg tool called Seedwhere, which was developeattuthe
premise that local seed (and hence local climateenerally best. Under climate change, Seedwhareassist
forest managers in finding locations where climettange projections are reasonably similar to ctnmesxternal
climates.

Overall, the Seedwhere-based climate similarity snagre well-correlated with the URF-based NPV maps;
however, there was poor agreement regarding white peed deployment from North Bay, where the two
approaches identified opposite seed transfer diret\We propose that this situation can arise vdpaties show
strong genetic adaptation to a central climatidnopin. Some implications and possible research filimes are
discussed. The climate similarity and URF modeks maow available as a web-based Decision Support Too
(http://gmaps.nrcan.gc.ca/climwheére/
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Preliminary study of the effect of climatological factors on tree-ring widths of
Fagus orientalis Lipsky in the Caspian Forest of Iran

Malek HaghshenasPedram Attaroj MohammadReza MarvieMohadjer
Jeff Feldhaus Kambiz Pourtahmabi
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Corresponding author: haghshenas 1982@alumni.uc.ac.ir

Keywords: Caspian forests, crossdating, dendrochronolBggus orientalid.., ring width.

The effects of global climate change on forest ghoand the formation of annual tree-rings have lm®served in
many parts of the world. This study aims to una@erdtthe impacts of climate factors on the annuaivgr
variations of oriental beeclrégus orientalidipsky) at the Kheyrud Forest Research Statioatkat in the Caspian
forests of Northern Iran. Twenty disc samples wargdomly taken from altitudes of 1160 m above tkepan
Sea. Ring widths were measured in the laboratdnguESAP-win software and a LINTABII Machine. Sinfase
and missing rings are typical in beech trees, stelgplots were created to enhance crossdating acgur
Chronologies were observed for a total of twelvagas. Meteorological data for rainfall and air perature were
recorded at the Nowshahr Meteorological Statiomated near the study sites. Results showed a isigntf
correlation (R=0.54) between mean anraiatemperature and radial growth as indicatedrinual tree ring width.
During the growing season, August temperaturesateaesignificant correlation (R=0.41) with tree gimvidths
while the highest association was observed in tegigus December (R=0.44) and the weakest assotiatas
found in February (R=0.31). Excluding the month Mé&rch (R=0.33), there appeared to be no significant
correlation between precipitation accumulated duther months and tree ring widths. In additionot@ntal
beech, there are many other species importantigorégion that may be sensitive to climatologicatgmeters.
Thus, it is important to conduct more comprehensagearch to expand our knowledge about the impafcts
climate change on trees growing in the Caspiarsfere
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Endophyte enhancement of conifer seedlings to improve tolerance to insects and disease

Andrew McCartneyl*, J. David Miller?, Greg Adams®, Dan Quiring*

*Maritime Innovation Limited, 181 Aiton Road, SusEest, NB, E4G 2V5 Canada
’Department of Chemistry, Carleton University, Oa®N, K1S 5B6 Canada
%).D. Irving, Limited, 181 Aiton Road, Sussex EBf, E4AG 2V5 Canada
“Entomological Research Services Inc., 56 Cedar &igve, Douglas, NB, E3G 7X1Canada
Corresponding authorvicCartney.Andrew@mfrl.ca

Collaborative research between J.D. Irving, Limited and Carleton University began in 1998 to evaluate the
potential of inoculating spruce seedlings with selected native strains of endophytic fungi (fungi living in conifer
needles) to improve tolerance to eastern spruce budworm. Basic research conducted earlier at the University of
New Brunswick during a serious spruce budworm epidemic had demonstrated that some endophyte strains
isolated from relatively un-defoliated conifer trees in the region produced anti-insectan secondary metabolites.
Methodologies have been developed to inoculate seedlings in the nursery with highly selected strains of
endophytes producing different secondary metabolites to improve seedling tolerance to defoliators later in life.
We have documented that the strains remain in the tree (up to age 12 tested so far), the anti-insectan metabolites
continue to be produced and that feeding on endophyte treated trees reduces survival of spruce budworms
through to adulthood. New research is progressing on developing the same approach to improve white pine
blister rust tolerance in white pine. Endophytes have been isolated which have been demonstrated to be anti-
fungal. We believe that this novel approach to improving the seedling’s tolerance to insect and disease attack will
be a useful tool in sustainable forest management.
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Reflections on Prairie tree breeding 1888 to 2015

William R Schroeder

Agroforestry Development Centre, Agriculture andiAgod Canada,
PO Box 940, No. 2 Government Road, Indian Heade®asewan SOG 2K0 Canada
Corresponding authorBill.Schroeder@AGR.GC.CA

Since the commencement of the Prairie Shelterbelt program in 1901, significant advances have been made in the
selection and improvement of tree and shrub species provided through the program. The shelterbelt tree
improvement program at Indian Head, designed specifically to develop adapted, genetically superior tree and
shrub species for prairie shelterbelts has been under way since the beginning of settlement in the 1880s. During
this period, tree improvement and evaluation was led by Angus McKay (1888-1903), Norman Ross (1904-1941),
John Walker (1942-1946), Bill Cram (1947-1974), Gordon Howe (1975-1980), and William Schroeder (1981-
present). Improvement efforts touched many genera and species but focused primarily on Populus, Pinus, Picea,
Larix, Fraxinus, Quercus and Salix. During the 127 years the program encompassed species introductions and
testing, plant exploration, classical breeding and selection, ex situ conservation and genomics. Since its inception,
the breeding program developed over 25 poplar clones and improved seed strains for over 20 species. The
breeding efforts of the past 127 years have changed the landscape and quality of life for thousands of prairie
people. In 2013 the last trees from the Prairie Shelterbelt Program were planted following over a century of
federal government support for tree planting in western Canada. This paper presents a reflective view of the tree
breeding program, particularly the people, its accomplishments and impacts.
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Genetic gain and gene diversity of seed orchard gos
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Seed orchards are the major tool for deployingirtiigrovement generated by breeding programs andiagdhe

consistent supply of genetically improved seedaifithent of genetic gain and monitoring of gene g

through selection and breeding were studied anidwexd considering the factors: selection intengjgnetic value,
coancestry, fertility variation, and pollen contaation. The optimum goal of a seed orchard is aeltievhen the
orchard population is under an idealized situafiery., panmixis, equal gamete contributions fromparental

genotypes, non-relatedness and no pollen contaigifatn practice, however, due to relatedness grparents,
variation in clonal fertility and ramet number, ageine migration from outside, the realized gengdit and gene
diversity deviate from the expectation. In the présstudy, the genetic value of seed orchard cfggsetic gain)
could be increased by selective harvest, gendtiaitig and/or both. Status number was used to miotiie loss of
gene diversity in the process of forest tree doicegtitn, and calculated to be reasonably high irstrszed
orchards. Fertility of parents was estimated basethe assessment of flowering or seed productidich was

shown to be under strong genetic control. Variatioffertility among orchard parents was a genegatdre and
reduced the predicted gene diversity of the orchesg. Fertility variation among parents could lesatibed by the
sibling coefficient. On average, the sibling codéfint was estimated to be 2 (i.e., the coeffic@variation of

100% for fertility variation among genotypes). Rksi the fertility variation, it was possible to swmer the

phenotypic correlation between maternal and patiéentlities, and the rate of pollen contaminati®@tatus number
was increased by controlling parental fertilityg.e.equal seed harvest, mixing seed in equal ptiopsr and

balancing parental contribution. By equalizing féengertility among over-represented parents, it \passible to
affect a favorable tradeoff between gene diversitg seed production. If the status number of ottlewsp is not
large enough, loss of gene diversity, random dhiffene frequency and potential inbreeding problemgd occur
in subsequent generations. Genetic loss or eratbnot seem to be alarming during the domestinatibforest

trees because a large number of parents were colyoeed in first-generation seed orchards. An ustdeding of
reproductive processes and monitoring of the ingpadétthe management practices are essential tonmmsei
genetic gain and to maintain sustainable gene sltyen seed orchard programs. Such factors areritbesl, and
general principles and practices of seed orchamleeaiewed in the presentation.
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General over-view of Turkish seed orchards and its effect on plantation performance

Nebi Bilir'” and Kyu-Suk Kang

! Forestry Faculty, Suleyman Demirel University, Isparta, TR-32260, Turkey
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*Corresponding authornebibilir@sdu.edu.tr

Seed orchards and its effect on plantation forestry are reviewed based on early published papers together with
Turkish tree breeding history. The Turkish forest tree breeding was started from the research on seeds and the
selection of seed stands at the beginning of 1960’s. The first “National Tree Breeding and Seed Production
Programme”, which was a part of the Turkish—Finnish project, implemented in the cooperation between the
Turkish Ministry of Forestry and Enso Forest Development Oy Ltd that was running between 1994 and 2003.
Establishment of seed orchards was one of the most important of stages in tree breeding programme. Turkish
seed orchards have been established generally with clones or seedlings propagated from plus trees selected
phenotypically from seed stands. Turkey has a total of 179 seed orchards that was established by 6,476 clones at
1,314 ha with nine tree species mainly Turkish pines (Pinus brutia, P. nigra and P. sylvestris). For instance, the total
of 72 orchard were established by 3,025 clones at 562 ha in Pinus brutia. There are large differences among
orchards and within an orchard for the number of clones and the number of ramets per clone. It has been
reported that the seed sources have the high level of genetic diversity and the variation in seed stands transfers
successfully into seed orchards and plantations by 25-30 clones on Turkish red pine (Pinus brutia) and Turkish
black pine (Pinus nigra) (Velioglu et al., 2003a&b; Bilir et al., 2004). Variance components due to families in the
seed orchards were in general higher than those in the seed stands in seven year field test of Turkish red pine
(Gulcu and Celik, 2009). Seedlings of seed stands showed higher growth performance than those of seed orchards
at the nursery stage of Turkish red pine (Dilaver et al., 2015). Other published materials are also reviewed and
contributed for the establishment of future seed orchards and plantation forestry in Turkey.
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Mating system dynamic temporal variation in a coastal Douglas-fir seed orchard
Jiayin Song
Department of Forest and Conservation Sciences, Faculty of Forestry,

The University of British Columbia, Vancouver, B.C. V6T 2G8 Canada

Corresponding author: jiayin.song@alumni.ubc.ca

As a key component of the tree improvement delivery system, seed orchards play a significant role as the
production populations responsible for packaging the genetic gain and diversity captured through breeding. To
reach this goal, seed orchards are expected to function as a closed, perfectly random mating population, which, in
reality, is rarely fulfilled due to parental fertility variation, reproductive phenology asynchrony, and gene flow
(pollen contamination). The actual performance of the mating system within the orchard is thus of primary
interest. We studied the mating system dynamic of a second generation, wind-pollinated, coastal Douglas-fir
(Pseudotsuga menziesii var. menziesii) seed orchard over a four-year period to obtain information under various
combinations of seed crop management practices such as supplemental mass pollination (SMP) and/or bloom
delay (overhead cooling) and different cone-crop sizes. This study utilized six polymorphic microsatellite (SSR)
markers to generate DNA fingerprints of 58 and 489 individuals representing the seed orchard’s parental and
offspring (2008 seed crop) populations, respectively. The DNA fingerprinting data were used in a likelihood based
pedigree reconstruction framework to assign the seed crop parentage using the CERVUS software (Version 3.0)
(Kalinowski et al. Mol. Ecol. 2007). The parentage assignment permitted the determination of parental gametic
contribution, selfing rate, and the extent of external gene flow. The results obtained from 2008 were compared to
the seed orchard’s previous performances.

Gametic contribution results indicated that 80% of the seed crop gametes were produced by 64% of the orchard’s
parents, an estimate that is higher than that observed from the other three studied years (range: 37 —52%). A 16%
selfing rate was estimated, value is similar to what was previously observed (range: 12 — 17%). Finally, external
pollen contamination rate of 28% was determined from the total paternal gametes, indicating that the pollen
contamination was quite serious in this particular year compared to previous findings (range: 10 — 18%). The
observed high pollen contamination rate could result from the lack of crop management practice implementation
in 2008 (i.e., no SMP or bloom delay), leading to an extended reproductive phenology developmental period (i.e.,
lack of enhanced reproductive phenology synchrony) and the absence of pollen augmentation through SMP. On
the other hand, the considerable external pollen boosted the outcrossing rate, possibly explaining the observed
relatively low selfing rate, specifically when excessive inbreeding was expected due to the extremely low cone-
crop size.

This conducted temporal study enabled the comparison of the same seed orchard’s performance under different
management practices and aimed at providing a guideline for the various seed crop management options
implemented and assisting in determining the genetic quality of the orchard’s seed crops.
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Genomic selection in black spruce: towards its operational application
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Background: More than 100 million black spruce (Picea mariana (Mill.) B.S.P.) seedlings are planted every year in
the Canadian boreal forest. Due to its economic and ecological importance, the species has been subject of several
breeding initiatives aiming to improve growth and more recently wood properties. Genomic selection (GS) is
thought to be a valuable approach to overcome the time-consuming selection for mature traits such as wood
quality, which can take up to 30 years to assess through field tests in boreal conifers. GS should be particularly
appropriate and economically feasible at an operational scale in advanced-breeding populations with small
effective size. But until recently, genomic resources for black spruce were not available in order to test breeding
approaches based on genomic selection.

Methodology: In a first step, we developed a large-scale SNP (single nucleotide polymorphism) marker registry
representative of the black spruce transcriptome as well as a genotyping chip. Then, using an advanced-breeding
population of the Quebec Ministry of Forests, Wildlife and Parks, we evaluated different scenarios of model
construction and validation that are of importance for operational integration of genomic selection into breeding
programs. The 734 trees analysed for this study belong to 34 full-sib families from a partial diallel mating scheme
and were established in two ecologically contrasting environments in eastern Quebec. Height and diameter at
breast height (DBH) were measured to characterize growth; wood density and cellulose microfibril angle (MFA)
were also determined. The latter traits are important characteristics for mechanical wood quality and were
obtained from wood cores sampled at DBH. All sample trees were genotyped for 4993 SNP markers using the
developed lllumina Infinium iSelect array.

Results: The quality of genomic selection models was evaluated through the correlation between cross-validated
breeding values and known breeding values for each trait. When all markers were considered, the accuracy of
models was high and reached values around 0.8 for wood density and height growth, and somewhat lower values
for the two remaining traits. These estimates were generally congruent with those obtained for Picea glauca bi-
parental families for the same traits. The relative efficiency of genomic selection models versus conventional
pedigree-based models was high, with values reaching 100%. Only for DBH, a slightly higher absolute gain was
estimated with the pedigree-based approach. Similar patterns of model precision and estimated gains were
observed when genomic selection models were trained and validated on different sites. This suggests low G-by-E
interaction in this population, which should however be confirmed on a wider range of sites. In a further step, we
tested subsets of markers and trees. Accuracy of genomic selection models based on 450 to 500 trees was
comparable with accuracy of models including all available sample trees, although slight differences between
traits were observed. Similarly, only 500 to 1000 markers were necessary to reach model accuracy estimates that
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were comparable with accuracies obtained with the entire marker set. Both findings indicate that costs for
phenotyping and genotyping could be further reduced, which would improve the cost-to-benefit ratio for
application in the operational tree breeding program.

Conclusions: Overall, the present results are an encouraging step towards operational application of genomic
selection in slow-growing boreal conifer species. Wood quality traits are expensive to evaluate and cannot be
assessed until maturity is reached. Our results indicate that genomic selection for these traits is possible at the
seedling stage, with genetic gain per year being two to three times higher than that obtained with the
conventional selection approach.
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Local climatic adaptation not detected for white spruce (Picea glauca [Moench] Voss) populations from Ontario
in reciprocal transplant experiments
Pengxin Lu*, William C. Parker, Steve Colombo, and Rongzhou Man
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1235 Queen Street East, Sault Ste. Marie, ON P6A 2E5, Canada

*Corresponding author: pengxin.lu@ontario.ca

Local climatic adaptation is a fundamental assumption for delineating seed zones and is commonly assumed to
occur in forest tree species that show genetic differentiation among natural geographic populations, especially for
those with widespread natural distribution with populations growing in distinct environments. However, due to a
scarcity of suitable data, the inference of local adaptation has rarely been validated through reciprocally
transplanted common garden experiments (RTCGEs). In this study, we restructured data from tree provenance
tests to approximate RTCGEs for detecting local climatic adaptation among white spruce (Picea glauca (Moench)
Voss) natural populations in Ontario. Although white spruce populations originated from ten climatically distinct
locations in Ontario showed significant clinal variation and genotype-by-environment interaction in survival and
tree height growth, local populations did not significantly outperform the non-local ones. Populations originated
from south-central Ontario did not suffer higher morality than local populations at more northerly planting sites
resulting from causes such as frost damage, and they have shown superior growth across field tests. This suggests
an absence of local adaptation for northern white spruce populations sampled from this part of the species range
in Ontario. We discuss the implications of this result for the interpretation of tree provenance test results and the
development of climate change adaptation strategies, such as assisted migration, for white spruce to enhance
forest adaptation and productivity under current and future climate. We also discuss the importance of conserving
white spruce genetic resources in south-central Ontario.
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Evidence that allelic introgression fromPopulusbalsamifera(balsam poplar) underlies local
adaptation in P. trichocarpa(black cottonwood)

Adriana Suarez-GonzalezZCamille Christé Armando GeraldésCharles A. Heféﬁ Christian Lexezr,
Quentin C. B. Cronkand Carl J. Douglas

!Department of Botany, University of British ColumbVancouver, Canada
Unit of Ecology & Evolution, Department of Biolodyniversity of Fribourg, Fribourg, Switzerland
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Understanding the genetic basis of local adaptation is a key goal in evolutionary biology, in particular the roles of
introgression (i.e. gene flow between species) as a mechanism for generating allelic variants of adaptive value.
Natural hybrid zones in forest trees provide novel systems to study the ecological significance of adaptive genetic
variation arising from introgression. Previous landscape genomic studies in Populus trichocarpa, a keystone tree
species with a widespread distribution in western North America, indicated genomic footprints of admixture with
its sister species P. balsamifera near potential contact zones in British Columbia. These studies also identified
candidate genes for local adaptation in P. trichocarpa. Here, we explored patterns of introgression and signals of
local adaptation in pure P. trichocarpa, pure P. balsamifera, and admixed populations from wild populations in
British Columbia and Alberta (Canada), focusing on previously identified genomic regions with signatures of local
adaptation. Employing scans of single nucleotide variants and ancestry analysis, our results indicate that a
telomeric region in chromosome 15, containing several candidate genes for local adaptation, shows strong
evidence for introgression from P. balsamifera into P. trichocarpa in populations from the northern range of its
distribution. Further genomic analyses revealed signals of selection in these genes, and functional analyses

based on gene expression variation and correlation with adaptive phenotypes to higher latitudes (i.e. short
growing seasons) suggest distinct functions of the introgressed alleles. Overall, our results support the hypothesis
that this as a case of adaptive introgression in an ecologically important forest tree.
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Genetic consequences of anthropogenic disturbances and population fragmentation in Acacia senegal (L) Willd.:
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The acacia bushland and woodland ecosystem in Kenya has been seriously impacted by anthropogenic
disturbances through over utilization and infrastructure developments. The pattern of genetic diversity and
structure was analyzed on a tree species, A. senegal, which plays a significant role as a source of fodder but has
high potential for economic returns through gum arabic production. Leaves from 330 individuals belonging to 11
populations within L. Baringo ecosystem affected by different levels of human disturbances were genotyped using
nine polymorphic nuclear microsatellite markers. High genetic diversity was reported for all the populations
despite human disturbances. The average number of alleles observed per locus per population was 7.434 ranging
from 6.667 (Kampi ya moto, Lake Bogoria and Tangulbei) to 8.333 (Kampi ya samaki). Among the 11 populations
the highest gene diversity (Hs= 0.632) was recorded in Kokwa population with the lowest value of 0.570 observed
in Rimoi, however, the largest value of H, (0.570) was observed in Kampi ya moto population with the lowest
value of 0.558 recorded in Lake Bogoria. No significant difference was reported in gene diversity among the
different levels of disturbance however significance was reported on mean number of alleles and allelic richness
with least-disturbed populations recording higher values. No recent population bottleneck footprints were
detected for the species within the ecosystem. Overall population differentiation was moderate and significant (P
< 0.001; Fs7=0.067; Rsr= 0.189). Furthermore no clear relationship was observed between genetic and geographic
distance (P > 0.05) suggesting lack of pattern of isolation by distance. The differentiation therefore may be due to
effects of human disturbances. Analysis of population structure using Bayesian model suggested the presence of
three gene pools as most probable, although most individuals showed mixed ancestry. Residual diversity and
genetic structure of populations of A. senegal within L. Baringo forest ecosystem suggest a limited impact of
human disturbance on molecular genetic parameters, however conservation strategies are required to safeguard
the population from further degradation
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Fecundity variation, genetic relatedness and gene diversity in a 1.5 generation seed orchard of Pinus koraiensis
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Reforestation can be achieved naturally or aréifigi For artificial regeneration, seeds are caéidcfrom natural

stands or from seed orchards. Seeds are importahbth natural and managed populations as a resalfrc
reproductive material and also for their commodijue in the production of forest products. To nmeghediate

seed needs, one can collect seeds from individggltyd phenotypes, good stands, seed productios éead

stands) and proven seed sources. Long-term seatb rage often met by establishing seed orchardstlgre
improved seeds are obtained from seed orchardsd. @ebards are the most common and cost-effectizans of

making available a stable supply of geneticallyriovwed seed.

A seed orchard is defined as an area where seedsass-produced to obtain the greatest geneti¢ gaiquickly

and inexpensively as possible. Also, it is defiasdh plantation of selected clones or progenieshnikiisolated or
managed to avoid or reduce pollination from outsderces, and managed to produce frequent, abyrataht
easily harvested crops of seed. In advanced-gémematchards, breeding values of orchard parentsbaiknown

from genetic testing. With knowledge of breedindguea and other genetic information, it would begigg to

establish new seed orchards (e.g., 1.5 genera@harchard).

Gene diversity of seed crop was estimated basepboetic relatedness (coancestry) and fecunditatian among
clones for five consecutive years in the 1.5 geimralonal seed orchard of Korean pifinus koraiensi€. et
Z.). The seed orchard was initiated from rametglo$ trees that were genetically tested and seldzsed on the
volume growth. Fecundity variation among clones watimated as the sibling coefficient based ondbeal
production of conelet divided by the total of catgbroduction. Region, sub-region and location fnwhere plus
trees were selected were geographically identdiedl grouped. Relatedness among region, amongdasatiithin
regions, and among clones within location was asslutm vary for estimation of the gene diversity.

Gene diversity was calculated as the concept aistaumberNs), which was half the inverse of group coancestry.
Four scenarios of genetic relatedness among gneapes imposed: 1) no related and non-inbred cloRes|l half-
sib clones, 3) all full-sib clones and 4) coangestiried among clones, locations, sub-regions agibns.

The average of conelet production was peak in 2002011, moderate in 2013 and 2014, and poori.20@hen
pooled, each clone produced an average of 13.71aten&xcept the poor conelet year, the correlatimefficients
of Pearson’s and Spearman’s correlation were d@itipe and statistically significant. The good clateroducer
gave good conelet production consistently. Cumgadiistribution of projected total conelet conttibas of clones
showed that the observation of conelet productias deviated from the expectation of equal prodoctimong
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clones. The sibling coefficient was highest at pamrelet year (2012) and lower at poor years.

Under the scenario 1), tiNswas ranged from 11.1 to 38.2 for five successaary. The scenario 3) showed much
lower Ns compared to the other scenarios. The relatedmessiga regions, sub-regions, locations and/or clones
decreased thbls and the fecundity variation boosted the decre@seaverage (pooledNs was calculated to be
38.2% of census numbeX)(with the range from 8.9 to 40.6 under the scesari
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Genetic variation for growth and stem forking wekaluated in black spruc®igea marianaMill.) B.S.P.] first-

generation progeny tests. Data available from £ geges (1979 and 1980, with 157 and 128 halftaihilies

respectively, and 6 field trials per series acidew Brunswick, Canada) were analyzed. Individuzé theight (HT)
and stem forking (SF) were periodically measuretdvben ages 5 to 35, and 5 to 20 years, respectiRagults
showed that HT was highly genetically controlledthwindividual narrow-sense heritability estimatef 0.64

(range: 0.47-0.91), and family mean heritabilittimate of 0.80 (range: 0.73-0.86). Individual narreense
heritability for HT increased from trial ages ot 15 years and then declined, whereas family nieaitability

remained stable. Estimates of type-B genetic caticels for HT were high and stable across trialsaged test
series with the mean of 0.88 (range: 0.77-0.98lividual narrow-sense heritability for SF was lawe@an kf=0.08)

and remained constant over time for both seriesvéer, family mean heritability estimates for SFrevéigh

(mean K=0.56). This result suggested that stem forkingaigially under genetic control at family level mdt at
the individual tree level. The type-B genetic ctatien estimates for SF were high (mean=0.74). Rahy-site

interactions were weak for HT and SF over all taigés.
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Developing resistance to western gall rust (WGRijriportant for maintaining healthy and productieelf pine
plantations. In this study, we estimated genetiamp&ters of resistance to WGR, based on data tedléiom three
2" generation full sib progeny testing series of jpake, planted in northeastern NB. Results inditatet (1)
resistance to WGR in jack pine was controlled bhtaxditive and dominance gene effects, with tktedglaying
a greater role; (2) narrow-sense heritability eates for resistance to WGR were low (mean=0.05eser
range=0.00~0.09), suggesting a polygenic geneiosactode. Broad-sense heritability estimates wevdarate on
individual tree basis (mean=0.17) and consideraliier on the full-sib family mean basis (mean=0.&nd (3)
mid-parental additive genetic and dominance effeat8VGR were empirically correlated (>0.65), indiicg that
incorporating breeding for WGR resistance into¢dbeent jack pine tree improvement programs withdserchard
approach could partly capture the benefit from dmmnce effects. While genetic gains in WGR resisgammuld be
realized through various breeding and deploymemeses, it appeared that rapid improvement coulddbéeved
through backward selection on full-sib family means
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Background

Forest trees must be to adjust to temperature ateravailability changes throughout their life leycTrees have
developed mechanisms to regulate water relatiodspegvent the loss of intracellular water and deatydn and,
reduce risks associated with the formation of iegiges. Dehydrins are the best known dehydragimtective
proteins in plants [1] and appear to be particulariportant in conifer trees. They usually accurtelia maturing
seeds or are induced in vegetative tissues in nsgpo increased salinity, dehydration, cold staesifrost.

A total of 53 dehydrin genes have been identifiedhie white spruce transcriptome database [2], wianany
more than in herbaceous angiosperms studied to[8aké&], but only a few of them have been investigl in
conifers [6,7,8]. As a basis to understand the aolé evolution of dehydrin genes in conifer adaptiesponses, we
aimed to: (1) identify full length gene sequencéslehydrins in white spruce; (2) classify theseagebased on
conserved amino acids motifs (segments A, E, Sand (3) trace the evolutionary origin of dehydrinswvhite
spruce studying phylogenetic relationships (4) yreathe expression profile of dehydrins under watesss.

Methods

Dehydrins were identified in the gene catalog amd for white spruce [2,9]. We analyzed sequeneitis

completed Open Reading Frames (ORF) and compaegdDNA sequences to other conifers, poplar, a@isd
and grapevine. The identification of amino acid ifsatas used to classify the sequences among the tfossible
groups in gymnosperms (SKn, Kn ou KnS).

We conducted a greenhouse experiment with threeoldaseedlings of three white spruce clones talystihe
expression profile of dehydrins. The seedlings wetposed to one of two watering regimes: normaleviadg
versus no watering during 29 days. Needles and mwete sampled in 6 different dates. At each samgpulay the
water potential of sampled plants was measuredjusi8cholander chamber. We extracted total RNAvem@re
analyzing expression by using reverse-transcripjasatitative PCR (RT-qPCR).

Results and Discussion
Sequence analysis

The 53 cDNA sequences of dehydrins were recoverdtie white spruce gene catalog [2, 9]. We ideattif81
sequences containing a complete ORF in white sp&eeen amino-acid motifs were identified in thatedspruce
ORFs including two K-segments, a S-segment, a Anseg and E-segment as described by Perdiguero 26]1.2
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and two novel conserved motifs located at the beginof sequences (B1 and B2).

The amino-acid motifs were used to classify thes8@uences into six groups: three Kn groups thétrdit the
beginning of their sequences (presence or/and ebs#rB1 and B2 motifs), a SKn group which contansA and
E-segment (exclusive of conifers), a KnS group whbrt S-segments and a group that contains K-segraaed A-
segments that are less similar to the previoushcriged segments from angiosperm plants. This ifitzgfon
showed that all dehydrins contain one or multiplsdgments.

In conifers, some variations in the K-segment Hasen reported and were observed in white spruageseqs. To
date, the A and E —segments were identified onthéPinaceae and the N- terminal region has bescritbed as
highly conserved in Pinaceae. We identified twoelawotifs in this region (B1 and B2 segments) Ietytare not
highly conserved in white spruce dehydrins. Théed#nt sub-groups within the dehydrins family wésand to

vary in diversity. The B1-Kn containing sequencesawvell conserved, whereas the B1/B2 — AESKn gwap

variable suggesting it may be more dynamic.

Drought stress and gene expression

The midday water potential measured in steams dihdhet from the seventh day without watering, thents
began experiencing a slight stress which increasegressively showing that the treatment had araghpn the
plants. Gene expression analyses by RT-gPCR hareibiiated and results will be presented.

Conclusions and next steps

The dehydrin gene family has expanded in white cgrand other conifers and, their coding sequeness h
evolved into many different classes according &rtamino acid motifs.

The next steps are the construction of a phylogenete to study the dehydrins gene family evolutand the
completion of gene expression analysis in resptmdeought stress.
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Microsatellite markers are highly polymorphic anai@ly used in population and conservation gendtidiss in
forest tree species. Microsatellite markers cardipectly developed by using genome sequences ofatiget
species, and can be transferred from closely eklspecies by the cross-species amplification. &tterl method
may result in low amplification rate and low le#lpolymorphisms, and also cause problems relatéshtnoplasy
and null alleles. Thus, microsatellite markersidirectly from genome sequences of the targstiep could be
considered to be more useful for correct analysisiaterpretation in the genetic studies. So faritlentification of
microsatellites for non-model species lacking gem@aquences has been difficult, time- and laboswming.
Recent advances in the next generation sequenedtopijues give rapid and cost-effective methodprémuce
large amounts of genome sequences for discoverglemelopment of microsatellite loci from non-modpkcies.
This study was conducted to develop microsateftitrkers inQuercus variabilisBlume using next generation
sequencingQ. variabilisis a deciduous broad-leaved tree species occuwidgly in Northeast Asia, including
Korea, China, and Japan. In Kor€a,variabilisis an ecologically and economically important tspecies. A total
of 305,771 reads (384bp on average) were generted Roche/454 GS-FLX system, yielding 117Mbp of
sequences. The de novo assembly resulted in 7@#@s (total length: 3.78Mbp, mean depth: <10X)tatal of
606 contigs (20.75%) including 911 microsatelliteilwere derived from the 2,921 contigs longer th@fAbp. The
911 microsatellite loci consisted mostly of monah;, and tri-nucleotides repeats (65%, 16%, and ,14%
respectively). A total of 180 primer sets were dgasd from the 911 microsatellite loci and screeimed4 Q.
variabilis individual trees sampled from a natural standbtaim polymorphic loci. As a result, a total ofrteien
polymorphic microsatellite loci were selected armkdi for estimating population genetic parameterthén 54
individual trees. The mean number of effective lelewas 4.996 ranging from 2.439 to 7.515. The miesk
heterozygosity ranged between 0.731 and 1.000awithverage of 0.873. The expected heterozygosityedhfrom
0.590 to 0.867 with an average of 0.766. The maedynmorphism information content was 0.732 with aga of
0.583 and 0.856. Null alleles were not detectedllitoci. No significant linkage disequilibrium waketected after
Bonferroni correction in all loci. In the near fud these novel polymorphic microsatellite markeils be used to
study population and conservation geneticQ ofariabilis of Korea in more detail.
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Pines, and conifers in general, produce a diversg af volatile secondary metabolites in theiidgk, including a
wide variety of terpenoids. While some of these poamnds have been shown to play a role in defetkersohave
little known about their biological function. Anywestigation of the functional roles of these commis is
complicated by both the great variety of chemigateduced, and the complex nature of plant-envirartme
interactions. As a first step in identifying whyesific compounds are produced, foliar levels ofividlal
compounds from lodgepole pine provenance trialstf@éus contortavar. latifolia Engelmann) were compared
with historic climate data from parent tree locatioto identify any potential relationships. Volatifoliar
metabolites from trees representing 13 provenamees quantified by GC-FID, and interpolated histazfimate
data were generated from the ClimateBC model. Wiiter- and intra-tree variation was high, statsity
significant correlations were seen between levélsestain compounds and specific climate variabldistoric
precipitation as snow at provenance origin locaiams found to be highly positively correlated withels of a
broad range of compounds in plantation tree foliadmefly monoterpenes, sesquiterpenes, and tergleonfols.
While snowfall has been linked to tree growth imest British Columbia tree species, evidence fomudher
relationship between growth and secondary metablglitels in literature has been tenuous. The higtetation of
a number of foliar secondary metabolites with prarece origin snowfall over geographically diverseess
indicates the presence of some physiologically i@ relationship that has not yet been well distiadd.
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The use of a range of genetically tested tree tiasién commercial planted forestry is termed adtiMtarietal
Forestry (MVF). Since early 1990s, industrial impentation of MVF using somatic embryogenesis hanbe
carried out at JD Irving limited. The main advartad MVF is to obtain much greater genetic gaimtlsaprovided
by traditional seed orchard-based tree breedintgvnoviding the flexibility needed to adapt to ngang breeding
goals or changing environments and climate. Whigeuse of seed orchards remains the main methobtaihing
improved seed, new biotechnologies such as somatiiryogenesis (SE) and genomics technology couldige
more effective and alternative delivery of gené@tiprovement. SE is the most important biotechnolmggonifers
for the development and production of tree vargetiéth desirable traits and is sufficiently refinfat several
spruce and pine species for use in industrial egiin. Furthermore, the recent advancement in tgpimy
technology based on single nucleotide polymorphiSNP) has led to the development of genomic sele¢ttS)
that predicts ‘Genomic Estimated Breeding Valuagechnique that has already been successfullyinsacimal
breeding. The current data indicated that a treeding strategy incorporating GS and vegetativéogeent by
SE (i.e., MVF) will result in a large genetic gaifthout waiting the time required to produce seéiisnsequently,
the genetic gain is realized 15 years sooner tead srchard-based tree breeding. At JD Irving ledhitMVF
using GS will be implemented in the near futureonporating growth, wood quality and pest resistanaits.
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Tree improvement is currently in flux in Albertacadiscussions are ongoing between industry andAtberta
Government to redesign how programs and respoitigibilwill be managed going forward. Although tree
improvement is, in general, conducted similarlytlghout the world, each jurisdiction has its owstdny, species,
conditions, relationships and biases. Using theynam developed in BC called ‘Tree Improvement |twesmt
Priorities and Value in British Columbia’ (TIIP) asstarting point, a comprehensive analysis willubdertaken
within an Alberta context. This BC model was fiddveloped in 1997 to assist the Forest Genetic@loaf
British Columbia with business and strategic plagn{Woods, 2002). The primary goals of TIIP are:Tb
objectively rank seed planning units (unique coratioms of tree species, geographic areas and Elavaands —
equivalent to seed zones in Alberta) for breedimg) seed orchard investments; 2) To generate disedymogram
values; and 3) To estimate timber supply gains twee (requires genetic analysis). Over the lasade (Woods,
2002) a full integration from basic science to @pienal production has developed in all tree improent
programs to ensure secure and highly productive seerces for forest management areas througheyrdvince.
In this study, we attempt to apply the BC modeRtberta while at the same time considering unighellenges
present in Alberta, such as accounting for permilaad deletions (energy sector), or more globdhg, influence
of climate change. Furthermore, we will also coesidocial values as model parameters, for instahee
importance of sustaining adjacent communities byidiing and maintaining jobs. This new tree improeat
model would be a significant change for Alberta aeduires a scientific re-evaluation of how gaintiae
improvement programs is valued. The initial pararieation of the model will be based on geneticlys®s and
associated data from two Controlled Parentage Bmogr(CPPs). These case studies will provide dritica
information to the Province in deciding whethemot to adopt a ‘BC’ type model for valuing tree impement in
Alberta.

The outcomes of this project will establish the value of tree improvement in Alberta through a combined analyses

including increased fibre production along with links to economic and social values and adaptive capacity for
continued sustainable forest management. The model will allow for well-informed valuation of current programs
and the potential for future programs. As the burden of risk associated with continuing these programs is likely to
move from a lift effect in annual allowable cuts, to a more social value on sustaining communities, maintaining
current cut levels and ensuring forest health, a comprehensive assessment of value is warranted and timely. This
project will be conducted in collaboration with industrial partners and the provincial government of Alberta in
order to ensure that both the values and the parameters are pertinent.
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Seed viability prediction options
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The need to be able to predict seed viability is important to collection and processing decisions. For
collection decisions it is also necessary to have an understanding of the reproductive biology and anatomical
changes taking place within the seed during development. The question of “when” and characteristics of
immature and mature seed will be reviewed. Emphasis will be on Gymnosperm species, but some Angiosperm
examples will be presented. The differences between germinability and viability will be discussed.

The second major question is ‘how’ and a review of available technique including tetrazolium, hydrogen
peroxide, incubation, x-rays and cutting tests will be presented. Emphasis will be placed on the use of cutting
tests and x-rays and a variety of examples will be provided discussing the advantages and shortcomings of each.
Examples of seed deterioration and possible mechanisms will be discussed.
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The practical applications of water activity to improve the efficiency of seed management systems
Robert P. Karrfalt
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Water activity has great potential as a way to effectively manage seed moisture when storing seeds both
short term and long term. It is low cost, easy to use, universally applicable to orthodox seeds, and rapid. In the
practical application of water activity to seed management there are several considerations that will make it
more understandable and workable for seed managers and their clients. The first point is the name. While water
activity has meaning from a more pure scientific viewpoint, in practical application it is a foreign term. Relative
humidity on the other hand is used in the daily conversation (e.g., weather report) and is what is actually
measured in a water activity test. Therefore, equilibrium relative humidity is proposed as the more practical
term. Bringing the seed into equilibrium with the air in the test chamber is critical and is influenced by seed size,
seed coat, and rate of drying. Therefore, the effect of these factors is discussed. Adoption of a universal
equilibrium relative humidity (ERH) is important both because time and resources are not sufficient to study each
species in detail to find its optimum ERH for storage and the limits of the test equipment to measure the true
ERH make a highly refined ERH recommendation meaningless.
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The three important environmental factors affecting the lifespan of orthodox (desiccation tolerant) seeds
in storage are temperature, oxygen and moisture. The linear negative relationship between decreasing seed
moisture and increasing seed longevity forms part of the basis of the seed viability equations developed in 1960-
80, and these underpin all seed conservation practices today. Gradually in the past 30 years, there has been a
move away from using the moisture content method to measure water in seeds and towards using water activity
as a measurement and standard for seed storage. Water activity measures the potential energy of water in seeds
and is usually a non-destructive process that takes approximately 5 minutes as opposed to the destructive
moisture content method, which typically needs 17 hours. How water activity and the equilibrium relative
humidity of seeds are used for drying and storage will be discussed, as well as the advantages of using this method
to set standards. Changes to Alberta’s provincial seed storage moisture limits in the upcoming version of the
Forest Genetic Resource Management & Conservation Standards will also be discussed.
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Until now, moisture content (MC) measurements wased to determine the water status of forest
reproductive material. This measure is destructitiee consuming, and provides only quantitativierimation. It
does not describe the chemical availability of weer present in a compound, nor the resultingriatenegative
effects of water on the conservation of storedgroiind seedlots.

Measuring water activity (4§ allows this distinction. This tool was primaritieveloped for the agri-food
industry (Scott 1953). It describes a product’'senvatatus qualitatively. This, in turn, providegoimmation about
the product’s degree of stability and predictaaservation potential cited as “shelf life”. Inded,, and not MC
governs the development of microorganisms and tbdygtion of toxins, and thus, the reactions asgedi with
food degradation (Scott 1953).

In a given system, Ais the ratio between observed water vapour presson the one of pure water at the
same temperature. In other words, it is the equilib relative humidity (eRH) of the air surroundiagsystem at
the same temperature (Rahman and Labuza 2007).

A, describes the state of water in matrices, whee®d$ qualifies the surrounding environment.
Measuring A, also has the advantage of being rapid, easy, avad importantly, non-destructive. This allows a
sample to be measured repeatedly during its coatienv

A Fruitful Collaboration

Thanks to technology transfer and collaboratiorwbeh France’s Irstea (formerly called Cemagref) and
Quebec’s Direction de la recherche forestiere (DBfF)he ministére des Foréts, de la Faune et dessPA,
measurements have been used in Quebec since 200@ foeatment of forest tree pollen and seeds.

The first step of this work involved the productiafi sorption isotherms (Brooker et al. 1992) to
characterize water relations in seeds of the varioee species used in Quebec’s provincial plamiogram. We
characterized a total of 10 conifer and 5 hardwsekcies, with results similar to those obtainedHiench forest
species. By analysing the isotherms, we were abfletermine the optimal Afor the conservation of each species,
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and, for each, the resulting MC (Colas et28110). We also determined the mean minimum MC kvbmrresponds
to combined water associated with cell membranem@tayer water). Drying seeds below this minimum btTild
impair their long-term conservation (Wang 1974, 2002). The current target,Zor seed conservation in Quebec
is 0.35 (Colas et al. 2010).

A water activity-regulated dryer was built frdolueprints provided by Irstea (Baldet and Colas
2013). It enables the stabilization of seedlothattargeted 4 Its main feature is that it works without heat,tbe
basis of the 2-pressure principle developed byNhagonal Institute of Standards and Technology édasva and
Little 1977). It is simple and easy to set up asd,@nd allows the stabilisation of seed and pdtiento a safe 4
level for their conservation in the best possildaditions.

Water Status During Conservation

The water status of seeds or any other product Isalance with that of the environment in whichsit
conserved (Freire and Mumford 1986; McDonald 206@). optimal conservation, each seed or pollemgshould
contain only the water necessary for its surviealgd no more. 4 is a reliable indicator of changes in the water
balance between seeds and their conservation envinat (Baldet et al. 2008). Yet, humidity is a riaktor which
is incompatible with good-quality conservation. &eenust be protected from ambient eRH using airtigh
containers (Wang 1974), or kept under controlleti eRnditions (Freire and Mumford 1986). Unforturkatano
container is completely impervious. Water vapoult amter or exit as long as equilibrium is not reed (Walters
2007).

A trial aimed at developing a frequency taldedermination tests at the Berthier Tree SeedeZent

(BTSC) revealed that Aincreased significantly in preserved seedlots §€elt al. 2012), thanks to permeability of
the polymer and repetitive opening of the contain&he non-destructive nature of, mheasurements was a real
advantage in this study. After measurement seeds stabilized to the optimal Ain the dryer controlled by water
activity and returned to conservation. The sangedah be measured repeatedly.

We began work to develop an optimal storage coetaimat would improve the conditions for long-term
conservation of forest tree seed in Quebec. Thiglied developing a new polymer which was less gailte to
water vapour. Results are expected by the end18.20

Conclusion

A,, measurements are now used operationally in Quebec for seed- and pollen lot treatment. This qualitative tool
for monitoring the water status of stored lots was adopted because of its reliability and ease of operation. At the
BTSC, A,, is now used to govern the final drying of seedlots during extraction and has been added to the list of
quality control tests. Because of its non-destructive nature, A,, measurement will be an essential tool to verify the
reliability of seedlot conservation in a conservation bank for forest genetic diversity. It is noteworthy that the

International Seed Testing Association has schddhle implementation of a standard for water atstiiri
its 2015 timetable.
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Forest genetic resources on the global stage — opportunities and challenges.

Judy Loo
Bioversity International, Via dei Tre Denari, 472/a

00057 Maccarese, Rome, Italy

Email: j.loo@cgiar.org

Tree genetic resources typically receive little attention on the global stage in spite of their value for
improvement of tree-based products and for adaptation to change, most notably related to climate. The
development and release of the first ever State of the World’s Forest Genetic Resources report and associated
Global Plan of Action by the FAO (http://www.fao.org/forestry/fgr/64582/en/) provides an opportunity to bring
attention to  the need for  focused conservation efforts. Bioversity International
(http://www.bioversityinternational.org/), a member of the CGIAR Consortium, is a research for development
organisation which carries out research on agricultural and tree biodiversity, working closely with FAO and other
international organisations. Bioversity’s forest-related work aims to facilitate implementation of the Global Plan
of Action by developing methods and tools for diversity characterisation and threat analysis, working with
partners to prepare strategies and guidelines for conservation, supporting regional genetic resource conservation
research networks and producing training materials. A project focused on a valuable but threatened African
species, Prunus africana, exemplifies.

Bioversity’s approach to prioritising populations through diversity and threat analyses. Recommendations to
local managers include putting greater emphasis on planting the species in identified areas that are likely to
continue to be suitable habitat as the climate changes. The species is one of thousands that are both useful to
local people and threatened to some degree and while specific patterns of diversity and threats may be species-
specific, methods to understand them can be more broadly applied. Approaches developed in Canada may be
highly applicable to other regions. In fact a challenge for forest geneticists everywhere is how to monitor
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changes in genetic diversity — identifying indicators that can be readily applied, easily understood and
affordable.

The development of an access and benefit-sharing (ABS) regime for Canada

Jessica Thomson

Senior Policy Advisor with the International Affairs Division in the Canadian Forest Service,
Natural Resources Canada, Ottawa, Ontario, Canada

Email: Jessica.Thomson@NRCan-RNCan.gc.ca

The presentation will provide an overview of thetlier development of domestic ABS policy in Canaada] the
potential impact on the forest sector and forelstted activities

The domestic policy development process will hegm&la to better understand the implications of Nhgoya
Protocol for Canada, including helping to inforndecision on whether Canada should accede to (belzgaky-
bound by) the Protocol.

International Protocol

The Nagoya Protocol on Access to Genetic Resoancgshe Fair and Equitable Sharing of BenefitsiAggrom
their Utilization to the Convention on Biologicaiv@rsity was adopted in 2010 with the objectiveachieving the
fair and equitable sharing of the benefits arigingy of the utilization of genetic resources. Thet&tol came into
effect in October 2014, and 62 Parties have noifigét Canada has indicated that it wants to urdteriadditional
analysis before determining its response.

Under the Protocol, genetic resources are defined “any material of plant, animal, microbial or other origin of
actual or potential value containing functional units of heredity”. “Utilization of genetic resources” means to
“conduct research and developmenton the genetic and/or biochemical composition of genetic resources, including
through the application of biotechnology®”.

The utilization of genetic resources (e.g., researching plant extracts for active components that could be used as
the basis for developing cancer drugs) may result in benefits that could be monetary, such as royalties or up-front
payment, and/or non-monetary, such as collaboration in scientific research and institutional capacity-building. The

“Biotechnology”...means any technological application that uses biological systems, living organisms, or derivatives thereof, to
make or modify products or processes for specific use.

“Derivative” means a naturally occurring biochemical compound resulting from the genetic expression or metabolism of
biological or genetic resources, even if it does not contain functional units of heredity.
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Protocol also covers traditional knowledge (TK) associated with genetic resources from indigenous and local
communities (e.g., knowledge about the healing properties of certain plants).

Under the Protocol:

« Access to genetic resources will be subject toptiw informed consent (PIC) of the Party providing the
resource (unless otherwise determined by that Paunty
e Genetic resources will be accessed and used according to mutually agreed terms (MAT)
negotiated between users and providers. The terms may serve as a contract that can spell out
how the resources are to be used, by whom, for what purpose, and how monetary and non-
monetary benefits will be shared.

Parties are also required to have compliance measures in place to implement the Protocol, as well as
monitoring. For further information: http://www.cbd.int/abs/

The further development of ABS policy in Canada.

Federal, provincial and territorial governments have discussed the further development of ABS policy in Canada.
The federal government has also engaged extensively with stakeholders and Aboriginal communities on these
issues. Environment Canada has produced a Discussion Document outlining a potential approach to ABS policy in
Canada. The Discussion Document proposes a policy that would initially only apply to some genetic resources on
federal lands or waters. Genetic resources which are currently in seed banks and other ex-situ collections would
be excluded. Genetic resources entering collections accompanied by PIC and MAT agreements in future would
need to track and honour the terms of those agreements, including with regard to third party transfer.

If Canada decides to implement a federal policy, it would likely be some years before it is in place. In the
meantime, Canadians accessing genetic resources from countries which have ABS systems will need to abide by
the requirements of those systems. The U.S. is not a Party to the Convention on Biological Diversity (CBD) under
which the Protocol was negotiated and thus cannot become a Party to the Protocol, although it does have some
domestic ABS rules, for example in national parks.

Engagement of, and impacts on, the forest sector

Forest sector stakeholders, especially the forest genetics community, have been engaged in this process to some
extent, although more widespread engagement would be welcome as the policy development process continues.
The general feeling from stakeholders is that a domestic policy will need to be as simple and efficient as possible
to avoid slowing the transfer of genetic resources unnecessarily.

Effects in the forest sector could be felt in tikademic, biotech, and non-forest products comnesitihere there
could be additional administrative requirements mvhexchanging forest genetic resources for researah

development (e.g., having an agreement coverinditons for use and the sharing of benefits). tiidtl be noted

that forest genetic resources are found in tremstimber forest species (e.g., shrubs, fungi,doherbs) and forest
soil (e.g., fungi, bacteria).
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An overview of forest-tree genetic conservation work in British Columbia
Jack Woods
Forest Genetics Council of British Columbia and SelectSeed Co. Ltd.
3250 West 15th Avenue
Vancouver, BC, V6K 3A9, Canada

E-mail: jwoods.fgc@shaw.ca

British Columbia integrates genetic conservatidores for forest-tree species with other forestej@ms activities.
Forty-two indigenous species are recognized. Thie obthis provincial program is a catalogue oltignthe ex-
situ, in-situ, andinter-situgenetic conservation status of each species. S@NO & situconservation seedlots are
maintained at the Provincial Tree Seed Center. blalgctions are added for priority needs when ssed/ailable
in wild stands. Projects to better understand gexétersity and to meet specific species needsapported.
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Multi-species approach to recovery planning: potetial application in New Brunswick forests

Maureen Toner

Fish & Wildlife Branch, New Brunswick Department of Natural Resources, Fredericton, NB, Canada

E-mail: Maureen.Toner@qgnb.ca

There is a growing emphasis on applying a multi-species approach to recovery planning in Canada, as the list of
species at risk continues to lengthen. The forested landscape of New Brunswick is an appropriate candidate for
this approach, as it is home to a number of species that are at risk across their Canadian range (e.g. Eastern Wood
Pewee, Chimney Swift). The challenges, requirements and limits of multi-species planning will be explored
through an overview of our forests at a broad scale (ecoregions, ownership) followed by consideration of habitat
requirements at a finer scale (e.g. stand structure and composition) using forest birds as examples. This scenario
will be presented within the broader context of recovery planning and the regulatory framework for species at
risk.
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Prioritizing forest tree species requiring ex situ conservation in Canada

Kathleen Forbes

Natural Resources Canada, Canadian Forest Serni@,Box 4000, Fredericton, NB,E3B 5P7, Canada
Email;: Kathleen.forbes@NRCan-RNCan.gc.ca

Thirty five species were identified as requiring €U conservation measures base on a pan-Canadian
CONFORGEN survey conducted in 2009 to identify veatiree species which may be of concern and
requiring conservation measures. This ex situ jpidation scheme was developed to assist in
determining which of these species identified apiireng ex situ conservation by the survey maybe i
more urgent need of conservation. This scheme dersB indicators: 1. conservation ranking crite?i:
eco-geographical ranking criteria and 3: feasipilit ex situ conservation. For each indicator a benof
parameters are considered. The results show irssisgethe 35 species identified as requiring ex sit
conservation by the survey that there are threergégroupings, those most in need, moderate negd a
low relative to the other species considered.
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