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In Northern America

Var. caesia
(intermediatel)

Douglas fir range

In Europe

+ 825, 000 ha (34 countries)

0.41% of the EU forest area

Var. menziesii
(coastal)

Var. glauca
- (intérior)




Examples of mistakes resulting from unsuitable seed sources importations

12 year old provenance test in France (low elevation) 80 year old stands in Bavaria

Coastal interior

Humptulips Santiam
(Wa. coastal) (Or. high elevation)



Historical steps of DF provenance introduction in Europe

Early provenance introductions
v' 1910 : Germany (Schwappach)
v' 1923 : the Netherlands

1932
1954

: Wiedeman collection

: Schober collection (commercial sources from BC, Wa. & Or.)
1964
1976 :

1985 :

IUFRO collection (176 sources from the whole range)
NFV / INRA collection (115 sources from Washington)

INRA / NFV / SRFGx (1000 o.p. progenies from Wa. & Or.)
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Natural variability

High sensitivity of interior sources to late frost

Frost damage scores of interior and coastal DF provenances in Germany
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Natural variability

High sensitivity of interior sources to Rhabdocline
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Natural variability

Performances of IUFRO Douglas fir provenances in Europe

J. Boiffin & V. Badeau — 2015

180 provenances 108 test sites

o s . - Europe Canada (BC)

o (@)
%%30 -5 e ° z
£ %
¥ :
R & 5
o 7 : © toiang ® o
... ® .‘,‘. T ) @
b ar 'I:v‘ L.JZ,'.:Z’T.‘““ RS ° e (©)
° X (@)
9. 2 . ."%o., & of
% iy a0
°g ke
‘, o Ve o o T
¢
e,
8 bioclimatic groups 10 bioclimatic groups @
-
FUTURE



Natural variability

Performances of IUFRO Douglas fir provenances in Europe

J. Boiffin & V. Badeau — 2015
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Natural variability

Performances of IUFRO Douglas fir provenances in Europe

J. Boiffin & V. Badeau — 2015
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Interest of the Californian origins in Mediterranean area

Montana

Idaho

Californie
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Girth — 17 years (cm)

California coastal California interior ~ Oregon Washington

(Source ONF)
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Natural variability

Performances of artificial French populations

Source FCBA
Total height Vegetative bud flushing Branch angle
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Provenance research — practical recommendations

Good adaptation and growth of the coastal variety in
Europe was confirmed.

Provenance recommendation according to plantation site:

- High elevation — provenances from British Columbia and
middle elevation in northern Washington

- Central and eastern Europe - provenances from middle
elevation zone of the Cascades in Northern Washington

- Oceanic Europe - provenances from low elevation in
Washington

- Southern Europe - provenances from Southern Washington
and Northern Oregon

- provenances from Southern
Oregon, Northern California

. Realing

. Yuba Gity

Walla Walla

Spokant



Climate change effect on Douglas fir

Visible impacts on Douglas fir

Evolution of start and end female flowering dates in Orléans

22-mai

12-mai

02-mai

12-avr

02-avr

23-mars
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Flushing modeling under climate change
(Brad St Clair — USFS 2009)

Difference between
populations characterized by
the curve’s slope (a)

Fl)é Flush

Population 1
late

Population 2
early

More forcing

More chilling




Prédiction du coefficient a des populations
(Brad St. Clair — USFS 2009)

* Coefficient a can be predicted by environmental
variables

* Best predictors : winter temperatures and
summer precipitations

» Populations from environments with cold winter
and hot/dry summer need less forcing to flush




Climate change effect on Douglas fir

Modeling species distribution

J. Boiffin & V. Badeau — 2015

With correlative niche models calibrated in native range (PNW)

Presence/Absence ~ 14 Worldclim climatic descriptors

H(‘A\I\l/ﬁ\[).A

Projection into introduction range (Europe)

Model evaluation with European presences (FunDIVEurope)
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Climate change effect on Douglas fir

Modeling species distribution

J. Boiffin & V. Badeau — 2015

Douglas fir niche model calibrated in North America
(Random Forest, 20 forests 500 trees each, (Rehfeldt et al. 2014, Worall et al. 2013))

Projection into Europe

$

Poor predictive
power in Europe

Models predict that Douglas fir cannot
grow in Europe because climates are too
different from that of the native range
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Climate change effect on Douglas fir

Modeling species distribution

J. Boiffin & V. Badeau — 2015

Shift in climatic niche: American range vs. European range

80
|

0.3

A P Coastal Douglas fir N. America
@® P Interior & Mexican Douglas fir N. America

¢ P Douglas fir Europe

PC1 (41%)

= Temperature Annual
Range

= Conrad’s continentality
index

= Temperature Seasonality =
(standard deviation *100)
= Min Temperature of
Coldest Month

PC2 (27%)

= Precipitation Seasonality
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|
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Climate change effect on Douglas fir

Modeling species distribution

M. Isaac-Renton — 2013

2800 provenances 120 European test sites

/A Finland

A Norway

A Scotland
A S. UK

i% A N. Coast

Planting Sites
A Poland
A E. Germany
A Spain
A France & Belgium
A Central Germany
A S. Germany

A ltaly

A\ Central Europe
/\ Coastal Balkans
A Balkans

A Romania

A Turkey

Provenances
@® BC Coast
@® WA Coast
OR Coast
© CA Low Elevation

© WA Dry Coast

) OR Dry Coast

@® WA Coast Cascades
@® OR Coast Cascades
@ CA High Elevation
@ |Interior Cascades

@ |Interior North

@ |Interior

© Interior South

Douglas-fir range

M Present
Absent

4




Climate change effect on Douglas fir

Modeling species distribution

M. Isaac-Renton — 2013

A2 2020

1961-1990
Observed

1995-2009
Observed

A2 2050
Provenances

Il BC Coast Il WA Coast Cascades
Bl WA Coast Bl OR Coast Cascades
[ OR Coast [ CA High Elevation
1 CAlLow Elevation WM Interior Cascades
[ WA Dry Coast Il Interior North
] OR Dry Coast B Interior

[ Interior South




Which DF Forest Reproductive Materials and where?



« Natural » regeneration : possible but not in any way

Points to consider prior natural regeneration:

* NR is an option to consider under certain conditions (steep slope, game
pressure, public perception)

» Genetic structure of the parent trees is passed to the following
generation

« Check phenotypic quality of the trees in the stand and the surrounding
stands (important pollen flow from outside — possible introgression
between subspecies)

» Take advantage of several of seed years to enhance the genetic
diversity




Available Douglas fir FRM in Europe

Identified Foull
(Seed Zones) i
Douglas-fir selected seed stands in Europe (5460 ha)
Surface; number, %
161,71; 3%
176,23; 3% ‘\
Selected 176,37; 3% N

254,1; 5% |

256,38; 5% | = 3804,23; 70%

(Seed stands)

Fort Augustus Grandris

M Germany H Belgium M France MUK

(U K) (FR) M Bulgaria M Czech Republic M Poland M The Netherlands
M Ireland H Italy M Austria M Spain
M Romania M Slovakia i Denmark M Hungary

M Portugal M Slovenia H Croatia



Available Douglas fir FRM in Europe

Genetic quality (variety, diversity) of Douglas fir seed stands in Bavaria

" Coastal variety
302 stands were investigated

»70 % — pure coastal (,green®) variety Distribution of alleles at the locus 6PGDH ™ o et
: : “ : in the coastal and interior varieties . [ Ak
» 3 % - pure interior (,grey”) variety -

»22 % — mixture of coastal and interior®

. Interior variety

67%

Large variation in genetic diversity - (Vqyy, =3 to 20) * — T
> 10 % with very low diversity (V4 =2 —4.5) R — o annal LA
> 60 % with middle diversity values (Vgun=5.0—8.0) . tow_ _ RN
> 30 % with high genetic diversity (Vg,,> 8.0) Z:ZTM MHH WH[WH mm'm ‘H ‘

Seed lots

Consequences :
» For mixed stands and stands with very low genetic diversity, registration as seed stands was revoked

» New stands are approved only after a genetic check



Qualified

]

66 Seed Orchards
287 ha

Tested

4 Seed Orchards
54 ha

Available Douglas fir FRM in Europe

(FR)

La Luzette
(FR)

DF selected seed orchards in Europe (341 ha)

Surface, number; %

10, 3; 3%

91, 8; 27%
28,5; 8%

30, 6; 9%

75, 12: 22% 75, 18; 22%
) ) (0]

M France

M Germany

i Poland

il The Netherlands
M Romania

M Belgium

M Czech Republic
M Denmark

M Ireland

M Austria

M Spain




vgam

Available Douglas fir FRM in Europe

Mulitlocus diversity (Vgam) in seed lots from Washington, Germany and France
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Seed lots

[ 1 German seed stands B Washington seed stands [T French seed orchards



Evaluate the sensitivity of varieties to climate change

French Douglas fir seed orchard evaluation network
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Evaluate the sensitivity of varieties to climate change
French Douglas fir seed orchard evaluation network

w

Tested material :

¢ 7 SO (Darrington, Luzette, France 1, 2 & 3,

Washington2, California)
« 1US prov wa403)

11 sites :

« Jinarea’s heart
«  3inmargin 1

*  2inmargin 2

«  Jinaltitude

Early results at age 5 in 11 sites

(G. Philippe — 2015)

»  Mortality

30 F
25 [
20 -
15 £

Mortality (%)

10 £

Tl

M1 M2 alt heart

27 F
23 |
L9

15 F

Mortality (%)

11 F

|
[ Tp1IT!

Mortality (%)

Cali Darr F1 F2 F3 Luz Wa 403 Wash2

40 F
30+
20

10 |

Environments
— M1

— M2

— alt

 heart , -
e

Pt

Cali
Darr
F1| =
F2
F3
Luz

Wa 403
Wash2

Total height (cm)

Total height (cm)

Total height (cm)

Height growth

310 F
280 [
250 |
220 F
190 |
160 |
130 b

M1

M2

alt

heart

250 [

210 |-
190 |

170 |

150 |-

230 |

—

I

I

290 F
260 |
230 |
200 |
170 |
140 |
110 £
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Darr
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F2

F3
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Wa 403
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Efficiency of flowering induction treatments on cone production, seed yield and
quality in DF seed orchards
(source Irstea)

o o T R —— o n' v/
5 1 control ;{'{:f}?:"'. - O ’;a
[ Girdling + GA R e / .
47
641
190
6 1
Cone production Seed yield Seed production
(hi/ha) (kg/hl) (kg/ha)

100
_ Fi= (nbfemale flowers or cones of parenti) . 100
O 75 - Total production
[
> . . .
= 50 - — control Mi= (nb male strobiles of ;:_)arent i) . 100
S — e Total production
% 25 A —G+GA
© —idea Pi = (Fi + Mi) / 2

O 1 T T T
0 25 50 /5 100 Pi = Gametic contribution of parent i
% Clones culmulated




Which DF Forest Reproductive Materials for tomorrow?



Two examples of ongoing DF breeding programs in Europe

JdGermany :
* Short term : evaluation of German land races + EU & US seed
orchards
* Long term : selection & evaluation of 200 German "+" trees
or a new generation of seed orchard

d France: building a new generation of seed orchard by forward
selections
* within Washington and Oregon progenies
e within Californian provenances tested in Mediterranean area



Towards a new generation of seed orchards in France

Washington & Oregon : 1000 o.p. prog. Breeding

population
19 tests in 5 regions (19-27 years) =» 198 ha

N | ond generation

seed orchards

" r /, (100 ha)
orwar |

phenotypic 100 clones
' selection

Southern Oregon & California: 54 prov.

5 tests (19-31 years) = 15 ha

e
= I Office National des Foréts
T==" SCIENCE & IMPACT




Conclusions

DF : a forest species of major importance for EU in a context of changing climate.

Choice of FRM is crucial for a successful DF stand. Suitable seed origins in the natural
range are known, but imports (especially improved material) are still a challenge.

Valorize EU land races (stands) could be good option if quality is controlled.

Improved varieties will perform better than unimproved variety in the next decades.

DF would justify :
* Inventory in Europe of authenticated DF genetic resources for monitoring & breeding.

* Wide range evaluation of existing EU varieties.

* EU coordinated breeding work in well chosen [representative of] contrasted
biogeographic zones.



WA ¢ 2 y
N {
SNt e N T

vf‘. 0%y N




