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1 Summary

This document compiemost of the knowledge produced by the project B4est focusing on tree
breeding that can help stakeholders to better aigate climate change and related uncertainties in

our territories, to understand the impact of forest management on trees or wood properties and on
genetic diversity. It also reflects how new breeding and deployment strategies meet the new
expectations oktakeholders expressed in a survey showing high expectation for better resilience of
forests. All those activities are focusing on the need to improve the use of Forest Reproductive Materiel
(FRM) in order to secure the resilience and sustainability @stoproductions systems in European
countries. This document, based on scientific evidences, compiles recommendations and tools for
breeders and managers to help them in their choice of the right FRM among 8 priority case study for
European bioeconomy anchanagement practices and thus improve existing guidelines. The eight
targeted species are the Scots pine, the Norway spruce, the Ddliglde Maritime pine, the Poplar,

the Common Ash, the Eucalyptus and the Stone pine.

This compilation has resulted @nnumber of key messages to researchers and different stakeholders
presented here. Addressing the impact of climate change is key for all species but the available
measures differ and include assisted migration, selection of adapted genotypes and himdtgial
management. Another important issue to address is the uncertainty about the magnitude of climate
change which in turn affects suitability of deployment zones and predicted performance of FRM. This
has been taken into account by the integratioh the different RCP scenario in the presented
simulations. Measures to reduce risks of damages from biotic and abiotic threats is another key topic
and can be addressed with similar tools as adaptation to climate change but it is generally challenging
to find strong genetic components and causality to counteract these threats. Silviculture is a very
powerful tool to achieve desired genetic and phenotypic properties of forest stands. We show
examples of how different management options can direct geneiit gad diversity (both at the tree
species and variety level) for several generations also for natural regeneration. A general conclusion is
also that there is a discrepancy between possible FRM deployment opportunities based on novel
research results andurrent regulations as well as stakeholder/enser perceptions/acceptance.
Thus, an important task will be to communicate and promote these opportunities to facilitate more a
sciencebased use of improved FRM.

This documentcomel £ 2y 3 GAGK | AAYLEAFTASR OSNEAZ2Y F2NJ LN
YIylFr3aSNBR YR GNBS ONBSRSNBEéES adzYYFNAT Ay3d (GKS Cw.
way to facilitate access to relevant information for whatever the context andiepexd interest of the

reader are. This small manual will be published by the IEFC.

2 Il ntroducti on

Historically, selection in forest has targeted the blestking trees that would provide an added value

for wood production. The first breeding programs of the main commercial forest species in Europe
were therefore improving traits such as growth, stenddanch quality and vitality. At that time,
deployment guidelines were simplistic as improved materials were planted in the same region where
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reforestation was done assuming that site and climate will remain the same. Nowadays, forest
regeneration is facig new challenges. Climate change is causing a mismatch between the actual
distribution area and the future climatic niche, leading to poor adaptation and diebacks of trees in
some parts of Europélhe French Forestervice expect a withdrawal of compatity zones around

60% within 50 years in France, leading to a significant change in European forest landdoapeger,

some worrying signals are sent by seed orchmethageravho report a decline of seed production for
some forest speciem Southern Ewope, supporting the idea of a rational use of the available Forest
Reproductive Material (FRM).

On the other hand, new opportunities need to be taken into account. The production of a wider range
of varieties, crossings, breeding objectives is offeritayge panel of FRM characteristics. With more
options in the choice of FRM and a globalized market, it becomes relevant to provide more advanced
recommendations for their deployment.

To get optimal benefit of improved FRM it is crucial that it is usedettost suitable sites. The other

way around, to get most profit out of a specific forest stand it is crucial to use FRM that gives optimal
performance at that site. Deployment guidelines provide forest owners and managers as well as
breeders, seed produce and nurseries with tools to assist in choosing the right sources of FRM for
specific sites or regions. The main aspects affecting the right deployment of FRM are those describing
the site conditions, like climate, soil, and biotic and abiotic risks,di&t other aspects such as
managing practices (rotation time) and the goal for the use of the wood may affect the choice. Also,
national and regional regulations concerning the use and marketing of FRM should be taken into
account. Climate change is a maghallenge for the right deployment because it will change the match
between site and FRM. Deployment guidelines should consider future climate projections when
describing the site conditions and it may be necessary to move FRM to areas where thewlihize

more suitable in the future (assisted migration). Chapter 1 of this document describes the concepts of
producing and improving deployment guidelines for FRM.

To be able to define deployment guidelines for FRM of forest tree species, a sigrifitaumt of data

on the performance of different genotypes in different environments is needed. Such data is usually
available only for tree species that are included in extensive breeding programmes with provenance
testing, and thus for species that havedneof commercial interest for quite some time. This is valid
for six of the eight species for which recommendations are given in chapter 2 of this document (Scots
pine, Norway spruce, Douglas fMaritime pine,Poplar andEucalyptus). However, those breiedg)
programmes rarely cover the whole distribution area of the species in Europe but is usually limited to
those regions where the commercial interests are highest. European ash (see chapteas been
studied very intensively (quite well covering itistdbution range in Europe) since the start of the
problems with the ash dieback. For stone pine there are breeding activities to test for abundant seed
(cone) production but limited to the Mediterranean climate zones (see chap®r

3 Concepts anmdmempr on FRM depl oy me

3.1 The challenge of assisted migration
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Climate is the primary factor regulating geographic distributions of plant species (Woodward and
Williams 1987) and driving amoipppulation variation along environmental gradients throughaloc
adaptation (Rehfeldt et al. 1999). Most forest tree species are adapted to a range of climatic conditions
(i.e., suitable habitat), which is referred to as their climatic niche (Peterson et al. 1999, Pearson and
Dawson 2003). Due to the long lifecyctedaslow rate of migration of forest trees, the unprecedented
rapid climate change is causing a mismatch between the climate that trees are historically adapted to
and the climate that trees will experience in the future (Aitken et al. 2008). The mismatgloocur

at both the species level and the population level. Trees exposed to climate conditions outside their
climatic niches will likely be maladapted, resulting in compromised health and functions of forest
ecosystems, particularly the capacity of canbgtorage for climate change mitigation. To assure the
sustainability of forest systems, assisted migration has been proposed to help trees in alignment with
a changing climate at both the species level (McLachlan et al. 2007, Gray et al. 2011) andgpopulat
level (Aitken et al. 2008, Aitken and Whitlock 2013).

Assisted migration at the species level requires climate niche projections from climate niche models
(CNMs) (Wang et al. 2016), which are often called species distribution models (SDMs). A @M is of
built based on the relationships between species occurrence and climate variables. It can predict the
spatial distribution of the climate niche of a tree species for the current and future periods. Projected
shifts in the spatial distribution of theigiate niche of a species can be used to define the leading edge,
trailing edge, overlapping areas, and the areas of potential expansion of the species under climate
change (Aitken and Bemmels 2016). Natural migration may occur at the leading edge tolards t
potential habitat, but the rate of natural migration is not likely to match the rate of climate change.
Thus, assisted migration can help this process by moving populations from the leading edge to the
areas of potential expansion. On the other hanegs at or near the trailing edge are likely to be left

out of the climate niche of the species and to suffer from maladaptation. The introduction of other
species through assisted migration should be considered as an option for better matching to the new
climate conditions. Clearly, climate niche projections of a species can provide a scientific basis for
assisted migration at the species level. However, a CNM does not consider-poymrigtion variation
(Peterson et al. 2019) and cannot directly prediadrctivity, which is critical for forest management
practice.

Assisted migration at the population level relies on population transfer functions (Matyas 1994, O'Neill
et al. 2008) and population response functions (Rehfeldt et al. 1999, Wang et al. Ré®@&nance

trials are required to build these functions. The assisted migration at the population level can be
applied to natural populations and artificially improved genetic materials or Forest Reproductive
Materiel (FRM), which is the focus of the B4g&jJect. A population transfer function is built based

on the relationship between the performance of populations and their transfer distance in terms of
climate variables. Local populations are often better performers than those transferred from far away
A population transfer function reflects the genetic effect of populations. On the other hand, a
population response function builds on the relationship between the performance of a population and
0Said ardsSaqQ OftAYFGS (2 NBLINEHSsCIMaté ¢cofditiond ahudiy a S 2 °
reflects the environmental effect on the performance of a population. It is more straightforward to
apply response functions than transfer functions for climate change adaptation because climate
change is the ltange of the environment. However, building a response function for a population
requires the population to be tested at multiple test sites covering a wide range of climate conditions.
Universal response function (URF) (Wang et al. 2010) has been devé&dapéegrate the genetic and
environmental effects into a single model. It can predict the performance of any population planted at
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any test site, with local or optimal populations. Later on, a linear meféett model was proposed to

deal with small saples, but it also brought limitations to include more climate variables. The B4EST
project combined provenance trials across European countries for many important forest tree species
and provided the best opportunity to build URFs for developing toolpating assisted migration.

3.2 Using improved projections in B4EST for average and extreme
future climate understanding

One key issue of FRM deployment is to better predict the future environments for tree breeders and
forest managers to make robust decis® about which species to plant and where to plant it.
Uncertainty concerning the abiotic and biotic impacts of climate change on trees and forests has
stimulated considerable research and highlighted the need for sharp and reliable climate information.
The key climatic factors affecting growth, resilience, and vulnerability to abiotic and biotic damage are
mainly related to temperature and rainfall, which have been widely recorded.

Climate data

To enable climate adapted FRM deployment recommendationb,duglity climate data is necessary.
Ideally, climate data should fulfil several criteria to completely cover all key aspects of tree
performance in future climatic conditions:

- 51 GF akKz2dzZ R KIFI@®S KAIK aLI GAFE NBaRkS dai w2 g wixcC
LX FydAy3a &aAGS & LR&aarof So

- 51 GF &aK2dA R KFE@S KAIK GSYLRNIt NBaztdziazy G2
SoSyiia FYyR I 33420A1FGSR F+0A20A0k0o0A2GA0 NR&AlAD

- ¢KS OfAYIUGS OFENAIFOf SakAYRAOSA aK20dX RF 20N 3RIS alAN
LISNF2NX I yOSo

- ¢KS OfAYIF(HS NBFSNByOS RIGlF dzaSR akK2dZ R 0S8 02
GAGK aSOSNYt O6ARSIEfe FEtto a@EWIHAR A 2 ER IS Al

S OK aO0OSylINR2O®
However, there are both tradeffs between some criteria and practical issues that need to be
considered when selecting and developing the climate data to be used. For example, a veeychigh (
hourly) temporal resolution or advanced climate indices would require huge data seteanbeavy
processing power and are often simply not available at all or at least not for several scenarios and
Gobal Couplediodel (GCN/ Regional Climate ModdRCM) -simulations. Furthermore, a high spatial
resolution could be difficult to combine witBCM/RCMsimulations which are often done on a much
lower spatial resolution. Consequently, the process of developing relevant climate data for the purpose
of predicting FRM performance in future climatic conditions is associated with making a number of
compromises and tradeffs that need to be addressed carefully.

B4EST explored the available historic data and future climate projections that would be useful to re
analyse the components of genetic diversity and phenotypic plasticity from forest reproguctiv
material in genetic common garden trials, based on the fitness of various traits across the range of trial
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sites 6eeB4EST D1.1). Six potential climate data portals were considered: CHELSA (Karger et al. 2017),
Copernicus (European Commission), CRU Bares historic data (Harris et al. 2014; Harris et al.
2020), UKCP18 (Murphy et al. 2019);M&tClim (Fréjaville and Garzén 2018) and ClimateEU (Marchi

et al 2020). Various issues were identified with the climate projections from all these portals.

Promising climate data from ClimateEU was tested, but data were not updated annually, with the most
recent eight years missing. In addition, ClimateEU was not able to produce monthly climate
projections. Consequently, B4EST developed a new downscaling teglausimilar delta method to
ClimateEU (Marchi et al. 2020) which brought together the TRUWistoric monthly data at 50km
resolution and the UKCP18 RCP2.6 and RCP8.5 scenario projections at 12km resolution for Europe. The
mathematics of the downscalindgmrithm makes the two datasets compatible, and the tool delivers
scalefree data from the portal Https://ibbr.cnr.it/climate-dt/). In addition, new 12km and 1 km
gridded climate variables hav#een produced for parts of Europe, for spatial analysis at 1 monthly

time intervals from 1901 to 2098.

¢KS YRIHQYILEBNIL It RSGSE 2 LIY Sygai mean/climaiology data &nid aonBly | 6 f S F
time series historic and projected data to be usedniodelling traits from genetic trials. The monthly

time series is a novel development proving the first visualisations of extreme climate into the future.

There is of course much uncertainty about climate projections, and our use of UKCP18 allows the least
forcing and greatest forcing projections to be evaluated. In addition, clidat®wnscaling uses the

different GCM and RCM variants in UKCP18, to provide a view of the range of uncertainty among the

two RCP scenarios. These data allow some analysie gifrtibability of occurrence (or exceedance)

and risk of extreme events at a monthly time scale.

Using climate data for transfer effectnodelling

A number of different models exist that predict performance of tree genotypes or
provenances/populations whed NI Yy a FSNNBR (2 | y2GKSNJ 6S®3d T dzi dzN.
Y2NXé Y2RSta F2N) Soaod Ot 2yt RSLIX 28YSyid o6al NOK)
(Liziniewicz et al., 2022) piTraitSDM(BenitoGarzon et al., 2019) for seed orchard or provenance
deployment. These models use phenotypic data from common garden trials where the most
commonly used traits for modelling are growth (height, diameter or volume production) or survival as
there ae easily available and key descriptors for areal production. Usually, assessments of growth or
survival are made after several field seasons where the accumulated performance over those seasons
is expressed. Thus, such assessments will not explicitlydtkages caused by extreme events into
account but rather implicitly if they affect the accumulated growth or survival. This is likely if the
damages are severe but will be confounded by additional factors affecting the trait expression. The
climate varial#s/indices used have to be related to this accumulated performance and consequently
they are often related to more general growth conditions than specific extreme events (unless they
are very clearly expressed in some common garden trials). For Scots piosdic conditions the most
important transfer effect drivers were accumulated temperature sum during the growth season,
photoperiod and altitude (Berlin et al., 2016), whereas for Norway spruce precipitation during the
growth season was added (Liziniewiet al., 2022). For Scots pine in southern Eurdpsr most
important transfer effect drivers were instead drought related (spring precipitation and summer heat
moisture index) or related to a measure of continentality (temperature differential betwidsen
warmest and coldest month (Hallingback et al., 2021 ; Vizea#homar et al., 2019). In these studies,

the average climate (yearly or monthly time scales) over a longer time period (many decades) are often

t I 38T My
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used as a representation of the climate dgithe life span of the common garden trials. Such models
are quite robust, being based on many common garden trials and accumulated performance over
many years, but are less able to effectively capture effects of extreme events occurring a specific year,
month (or even a shorter time span).

Studying extreme climatic events and consequent biotic disturbance from monthly data
B4EST looked at extreme event analyses focussing on drought. The standardised precipitation and
evapotranspiration index (SPEI) haeb calculated across Europe at 12km resolution for each month

in the 180year time seriessgeB4EST deliverable 4.4). These data have helped visualise and categorise
known historic droughts in Europe and assess how historic events compare to the pidreojieency

and intensity of droughts from future projections. The SPEI drought index is standardised over a period
specified for the analysis (Begueria et al. 2014), e.g.;y@80period to evaluate changes in drought
climatology through time. The staadlisation analyses each individual pixel of a grid using an
FfI32NAGKY GKIFG YSFadaNBa GKS TNBldzSyde yR AyidSya
year to year. This means the relative differences in drought conditions can be explored\sjpaiial
temporally (compared to the standardisation period). Drought severity using the SPEI has been
classified by Um et al. (2017) (Table 1), and the categories are relative to what are normal conditions.
Therefore, a drought of SPEILS in southern Spaimay be much drier than a similar SPES drought

in the west of the UK. The point is that extremes are relative to normal conditions for each individual
pixel during the standardisation period. This is important because it is necessary to understand ho
changes in severity and intensity affect local ecosystems.

¢l oMYSNR dzZaKiG &aSOSNAGe OflaasSa LINRPLR2ASR oé

Category  Description SPEI

D1 Moderately dry or more severe < —1.0
D2 Very dry or more severe <-=20
D3 Extremely dry or more severe <-3.0
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The historic drought of 1976 in NorAilWest Europe was notable in the resulting impact on forest
ecosystemsln the southern countries of England reports of damage to beBelgys sylvatigaand

oak Quercus robyr(Peterken and Mountford 1996; Mountford and Peterken 2003), and to Norway

spruce Picea abigsstands in southern Norway caused by drought that iredua tree killing episode

of Ips typographugWorrell 1983). The damage to Norway spruce affected about 4 millign m

SlidA @It Syl G2 KFEEF 2F b2NBlFIe&Qa |yydzZadf GAY0oSNI LINE
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B4EST has produced a climate data downscaling tool, producing scale free data for point locations, and
gridded data forspatial modelling. In Figure 1 the 12km spatial data for 1976 has been downscaled

from the historic CROS 50 km resolution. Calculations from monthly minimum and maximum

temperature and total monthly rainfall have been used to calculate the standargismipitation and

evapotranspiration index (SPEI) for thenenth period up to September 1976. All the SPEI values for
3-months 6months and 12nonth periods up to September each year have been calculated from 1902
to 2080. These data are in the format gifids and have been used to calculate the proportion of
countries affected by a drought of severity SPED each year from 1960 to 2060 in Figure 2. This
figure shows that future drougbtare expected to be much more sevexed frequentii K |y

one:

iKS

M®PT C

- Northern zone (Ireland, UK and Sweden) will be affected by more frequent and extensive 3

month summer droughts

- Central zone (France, Germany and Belarus) will be confronted to a larger extent of drought
conditions, frequently effecting half of th@ountries

- Mediterranean zone (Spain, Italy and Greece) will be confronted to an increase in frequency
and extent of moderately severe September drought beyond 2030

The increasing frequency of drought into the future isre&l concern to forestry practitivers.
Interestingly, the spatially explicit nature of the climate data can also show the relationship between
extreme events and damaging pest outbreaks sudipssypographugFigure 3).
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y2018

CAJamBLI 2F NE@ARREMINE LK RFYFIS Ay {sSRSY Ay (KS
AYRSE OFfOdzA  iSR F2NJ GKS ¢ &adzYYSNI Y2y

The new climate data being used in B4EST has improved our understanding of extreme events in the
past, and will be used to examine the frequgmd occurrence of future extreme climatic features. This

is not limited to drought and will include winter rainfall extremes, summer temperature extremes and
frost occurrence.

Extreme events and intraspecific variation

The extreme events previously deibed are clearly linked to tree performance, but the connection

has mostly been done at a species level. This knowledge (as well as appropriate soil conditions and
economics) is very important when selecting the right tree species at the regenerationmgaiase

but with this information alone one cannot select a certain provenance/genotype to reduce
risk/damage. Unfortunately, much less is known about the relationship between these extreme events
and the intraspecific variation. As described above ighitot surprising as extreme events often occur

2y I @OSNE akK2NI GAYS ao0lfS oK2dzZNEX RFe&ax ¢SS1a
accumulated performance over several years (e.g. common garden trials). There has simply been a
shortage/lack oflata to develop such models, but some progress has been made. For Norway spruce,
provenance specific spring frost risk models have been developed (based on hourly climate data and

tF M@ WMy
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common garden trials where frost damage has been explicitly assessedu(Seystl., 2021) as a
complement to transfer effect models. Furthermore, recent studies of both growth performance and
resistance to the barbeetle related bluestain fungiGrosmannia europhioidgsduring drought
conditions for Norway spruce in Sweden Bafound genetic components in both these traits
(Hayatgheibi et al., 2021; Ohrn et al., 2021). If genetic and/or provenance variation for increased
performance during droughts can be identified, it is the first step towards developing more drought
tolerant Norway spruce FRM. And the same idea applies for other tree species and their resilience
towards biotic/abiotic risks. Identifying this genetic/provenance variation is a difficult task but some
ways around it is e.g. dendrochronological studies, morengiie field assessments (yearly or more
frequent, directly after an extreme event, etc), inclusion of climate stations in field trials or using
advanced genomic data/models.

The Climate Matching Tool

B4EST has also produced an update to the climate nmegdbol (CMT) freely available online at the
address:https://climatematch.org.uk The method (Broadmeadow et al. 2005) of the CMT (Version
1.4) uses three climatic variables to match the user setktuture climate projection of a location to
the best fitting current climate (analogue climate). This is done using decadgkétpor 36year
normal period of monthly mean precipitation, average temperature, and diurnal temperature range
from the UK@18 12km resolution data for Europe.

CMT gives forestry practitioners an accessible method to demonstrate what the projected climate of
a site will be like in the future, by suggesting similar analogue areas in the current climate. This could
affect specis choice and management systems and could help practitioners begin to plan adaptation
responses in forest management. The CMT also works in reverse; e.g., to take the climate data of an
area where a forest pest occurs now, and see the extent and rangestfiib climates in the future
(Figure 4), ie. where the pest may be suited in the future.

The 2021-2030

climate of the
s Bavarian forest may
SLESEEEE be similar to UK
upland climates in

¥ Legend
.’I
" Assuming RCP8.5 scenario UKCP138
e V1 is realized.
Climate recipation, Tempersture . P 0
difference eral Range Decade 2021-2030 climate of the
ar1abi
Bavarian forest may be realized in UK
southern Norway and Sweden by 2061

2070

CAIMMNB2GGAy 3 INBFHE G(GKFG ormAT KI PS5 & KRR wMKbULEND DS R
Fd GKS aStSOGSRPIDNARFaAA2YI NYPIKBRAE GeLIS 2F |yl feéa
2F FT2NBad LSaida Ayldz GKS ¥FdzidzNBE & dzOK |
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It can be seen from these examples that BAEST climate data has a variety of uses not just in tree
breeding, but in forest managnent (species and provenance selection) and tree biosecurity
assessments. The climate data development in the B4EST project is having a big impact in forest
sciences.

3.3 Using new climate data to handle uncertainty
Uncertainties in predictions of ForeReproductive Material (FRM) performance under climate
change arise from two main areas:

1) GKS LRAGSYGAFE YFAyAGdRS 2F OtAYFGS OKFy3IS 8Ac
OKIy3aS Ay OfAYIFGS GFNARFOATAGE 6A RS EBRNRPYUANKR Ay (
LISNR 2 Ra 0

2) G NRAIGA2Y 0SG86SSy OfAYIGS Y2RSta O0ADSPE RAFFS
LINBRAOG GKIFG OKIFy3aSa gAfft 200dzND

Climate scenarios represent alternative projections of greenhouse gas (GHG) emissions and therefore
different magritudes of warming. Since the IPCC 5th Assessment Report (AR5), these have been
commonly represented as alternative Representative Concentration Pathways (RCPs). Predictions of
how these RCPs will unfold are generated either by alternative Global Cirouldtidels (GCMs) (at

the global scale) or by Regional Climate Models (RCMs) (which are adapted to different regions).
Understanding the effect of both the magnitude of change and variation between predictions
produced by different climate models (GCMs oM3Lon models aiming to predict FRM performance

is essential.

The B4EST project has developed methods to assist with understanding these uncertainties. The
visualisations and tools described here are intended to support decision makers by 1) to some extent
NERdAzOAY3 GoAGKAYE AO0OSYINAR2 dzy OSNIFAyide | aaz20Al GS¢
0SGGSNI oAradza tAaS IyR O2YYdzyAOlI 4GS GaoSGéeSSye¢ &a0Sy
climate change.

We developed these methods using a Nordisecatudy, using an established model developed by
Skogforsk to predict Scots pine FRM performance across Sweden. FRM performance was assessed
dza& Ay 3 | WLINRPRdzOGA2Y AYRSEQ RS@OSt2LISR FTNRBY LINBRAO
Skogforsk Rnters Guide platform predicts FRM performance for a particular location and presents all
possible seed orchard choices with a production index related to the local provenance. Planters Guide
currently has over 100 Swedish and Finnish seed orchards adthia in, that provide a continuum

of material with considerable overlap among orcharsorder to provide a simpler demonstration of

a method to handle uncertainty, we developed an experimental version of The Planters Guide for Scots
pine. This expemental version generated performance predictions across the whole of Sweden for
just eight simulated FRM seed orchards. The future performance of these eight FRM were predicted
for two future time periods (2042060 and 2062080), combined with two diffemt future climate
scenarios (RCP 4.5 (moderate warming) and RCP 8.5 (extreme warming) and further combined with
five different climate models (GCMs). In total, this produced 160 sets of predictions of Scots pine
production across Sweden. This presentsigehamount of choice and uncertainty to a forest manager
wanting to make the most appropriate choice of seed orchard for their site.
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We have developed two approaches to present this information to forest managers, aimed at both
communicating and to some &nt reducing the uncertainty associated with FRM choice under
climate change.

Approach 1: Which FRM should be planted now?

This approach aims to assist with choice of FRM to be planted today, whilst accounting for the climate
conditions likely to be affdéimg growth performance of that FRM at midtation (around 2050). For

each 1km location across Sweden, we predicted production for each seed orchase afaksified an

index that modelled the performance of each of the eight new seed orchards agamdbchl
provenance and historic seed orchard. Performance thresholds considered were:

T t NP RdAzOGA2Y #{YSROSFE 22NBOKMMNRE LISNF2NXAyYy3I o0St26 (K
0St2¢ GKIG 6KAOK O2dxZ R 6S LINPOARSR o6& (GKS f 2¢(

T t NERdzOG A 2 yei{ ySROSE 22NBOKMMRE LISNF2NXAyYy3 0St2¢6 (K
g2NRS GKIFy GKS 2tRSad I dLFLAftrofS aASSR 2NODKI NR
T t NP RdzOGA2Y WYSERE 2NDKMNKA LISNF2NX¥AYy3I i (KAA
G§KSNBF2NB |y SEOStfSYUNDPREZODE2 F2NE RSEOS a RIRF 2 NK
For each RCP (4.5 and 8.5), we then determined whether or not the five GCMs agreed that predictions

met each threshold. If three or more GCMs agree that a threshold is met, then an overall
recommendation is assigned for the sema@hard (see assignment rules in Table 2).

ClF oMK S Nz S&a dzaSR (2 Faaiady aSSR 2NDOKI NR

Seed orchard recommendatic Rules

Three or more GCMs agree that production will excé2d% &

Excellent performance (above 120 . . oo .
P ( survival will be above 50% at location in question

Three or more GCMs agree that production will exceed 110% &

Very good performance (above 110 . . . .
¥y P ( survival will be above 50% at location in question

Three or more GCMagree that production will exceed 100% &

Good performance (above loci . . L .
survival will be above 50% at location in question

Three or more GCMs agree that production will be below 100% |

Expiry (below local . . L .
piry ( survival will still be above 50% at location in question
Expiry (poor survi)a| Three or more GCMs agree that survival will be below 50%

Three or more GCMs agree that either latitudinal transfer (5

B d model predictability limi
eyond modet preciciablity imi degrees N or S) or GDD5 (<527 or >1347) limits are exceeded

No GCM majority Fewer than three GCMamgree on any of the above thresholds

This resulted in maps like Figure 5, where a spatially explicit indication of performance is given for each
seed orchard under alternative scenarios representing magnitude of climate change. By assessing
performance letween climate scenarios, a forest manager can make a more informed decision about
which seed orchard may be most appropriate for their location.
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RCP4.5 RCP8.5 [ RCP4.5 RCPHS |

Performance
58N [] Excellent performance (above 120)
=1 Very good performance (above 110)
B Good performance (above local)
B Expiry (below local)

Expiry (low survival)
B Beyond model limits

86N

B64°N1

8 (43
2 S [] No GCM majority
e2N € gl 4
8 2
z =
60°N B0
h8°N+1 SR
56°N SEM
5° 20°E 157 20° §E  20°E 15°E  20°E

CAIEMNBNF2NYI yOS Of FaaATASR LISNI mE KIS KA E Sl ATy2 MImik
2NAIAYFGAY3T FNBY cccbhb o0fSTFGO0 YR cncb ONRIKGOLZI &

Approach 2: Strategic planning Future Forest Management Pathways

¢CKAA FLIINERIFOK | AME N2 NSBORRS Clwaf ASNFNRINY I yOSd 2
LISNF2NXYIFyOS 2F GKS SA3IKG &aAYdzZ I G6SR {0244 LWAYS &s
OCABEMB2S RSGOSEt2LISR | YSKERR (1BS NIFa2aNSval- ay” OBK SYUSKIS NJ |
RSAONAROSR (KNBakKz2fRa 2F LISNF2NXIyOS O0LINRRdAzOGAZ2Y
FfOSNYIFGADBS LINBRAOGAZYA o0SiG6SSy o020K fOASNYIGACZ
6D/ aavz ¢S RSAGE 20ISIRS W DMERIEBSRI 2 FSy RAFTFSNBY(d D/ a:
GKSOGKSNI 2N y2G (KSaS GKNBakKz2ftRa 6SNB YSid C2NJ S
dSSR 2NDKINR gl a OFfOdAFIiSR® ¢KAA o & RAMIzNB2 NI |
GAYS LISNA2Rao® C2NJ SIOK w/t FYR GAYS LISNA2RI ¢S
Nz S&SR NBO2YYSYRFE(GA2Y F2NJ SI OK aSSR 2NDKINR Ay
0SSy S@lftdzr iSR 6AGKAY SIDK IIRYEEr 5 HKNVOKARKT A AKX
I LI NI AOdzt F NJ ASSR 2NDKIFNRI odzi Ffaz2 akKz2g ¢gKAOK a
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RCP4.5 RCP8.5

Seed Zone

[ )

| B
o

Performance

= = [C] Excellent performance (above 120)

1971-2017 2041-2080 2061-2080 2] Very good performance (above 110)
12€ 16E  18°E  20°E 22 24°E B Good performance (above local)

B Expiry (below local)

B Expiry (low survival)

W Beyond model limits
] No GCM majority

CAIANBYHASNY aaSaavySyid 2F LISNF2NXYIyOS 27
I #S& o6c 9 mMpO FyR G2 OtAYFGS &0

Figure 6 illustrates these kinds of pathways. For example, in seed zone 6 in central Sweden, the
LISNF2NXYIyOS 2F aAS@OSNIt aSSR 2NOKINRa RSOthédySa TN
century under the RCP4.5 scenario. The ability to predict performance under the more extreme climate
scenario (RCP8.5) is compromised as current models are unable to accurately predict changes under
very large climate changes.

Use and further developnent of methods

¢tKS YSUK2R& RSAONAOSR®WK SKBDY % f0 alByiBIDS y KRFE 2 0 8 WKt
dzy OSNIiF Ayde OFly o6S lFaaSaaSR yR (2 az2vyY$8S SEGSyi
WAUBROBY I NAR2 OFENRAFGA2Y I RBAEAKXYTITRRAFTSENBRIODA A ®
NBIFaz2ylrofS LINA2NAGEe Fa (GKS KAIKEE YSGOGS2NRt23IAO0Lf
Ot AYIF(d2t23Aad0a 2F KAIK SELISNIAES O2dzZ R 6S SELISO
LJdzNilS2a > o6& f221Ay3a F2NJ FANBSYSyild o0SG46SSy D/ aa |y
YF22NARG& NdzZ Sz 6S KIF@S (2 &a2YS SEGSyd NBRIzOSR i
GENNMAY3I0 Aad G2 &a2YS SEGSYy( (SPBY G2 | NBS YRR 6% § NI
LJ ai D/aax Fa GKS 6SIFGKSNI OANDdzE GA2y LI GGSNYya ¢
OF LIWidzNBR a2 FTFENIAY (GKS OfAYF(dS Y2RStao

hiKSNJ dzy OSNIFAYyGASa O2dz Ry Qi 0 SphysiRlegh® iespéhse oA y (i K A
species and provenances to climate change and specifically extreme events is also a big issue. We do

not know very well how different genotypes respond to the extremes, especially drought stress. Is it

mainly old beech and oak thare also more sensitive to drought, or will young trees be similarly
affected? Provenances do make a difference, but quantifying these effects is still difficult. Risk of late

frost damage will also increase with advanced spring phenology.
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3.4 Genetic improvement to biotic and abiotic threats

Breeding for decreased damages from biotic and abiotic stresses.

In tree breeding multiple traits aroften considered simultaneously to improve an overall objective.

The most common traits to improve have historically been related to increased growth (height,
diameter), general vitality and quality traits. Explicit inclusion of improved performancesagdiotic

and biotic risk in the breeding objective is so far less frequent but is getting increasing attention as the
effects of climate change starts to have a larger impact. In order to improve a trait by breeding a
number of conditions have to be filled. Firstly, there must be a genetic variation in the trait that can

be exploitable. This variation can only be found and utilized if there is enough phenotypic (and/or
genomic) data available to assess it. This can often be an issue as expligudlighrecordings of
damages from biotic and abiotic factors in field trials are scarce or difficult and/or costly to assess. For
example, if a damaging agent hits a field trial a particular year and the trial is not assessed immediately
afterwards but intead a number of years later, what you assess is a compound effect of the damaging
agent and other factors which reduces the precision of assessment and selection. In addition, the
desired trait might be inherently complex and difficult and/or costly teess (e.g. drought tolerance).
{SO2yRf&s (KS 3ASySGAO0O O2NNBflFUGA2ya 0Si6SSy GKS
202S0GA0S Klra (2 0SS S@Ffdzaz SR yR GKS Ll2aAiridArgds
against potentialosses in other target traits as is done in all multiple trait selection systems (Berlin et

al, 2012). Below we will show some examples of traits already included in as breeding objectives or
where progress towards including it has been made.

Reduction ofdamages from late spring frost of Norway spruce in the Nordic countries.

Norway spruce is a secondary tree species but is mostly regenerated by planting ecutdeiarthe

Nordic countries. Thus, young Norway spruce seedlings can be exposed to lagtfigmts that can
damage the emerging shoots which are sensitive to belowzeub temperatures. Such damages can
lead to reduced growth and quality defects such as ramicorns, forking and double stems. The risk of
frost damage is strongly related to thaming of bud burst, which is in turn a highly heritable trait.
Genotypes or provenances with late bud burst have less risk of frost damages than those with earlier
bud burst (Hannerz et al, 1999; Werner & Karlsson, 1992). Consequently, late bud bursiehas b
introduced as a selection criterium for those breeding populations that target frost prone locations
(e.g. Danell et al, 1993).

Increased defence against Scots pine blister rust in Sweden.

Scots pine blister rusiCfonartium flacciduiis considered an increasing problem for Scots pine in
northern Sweden. The fungus enters the trees through the needles or young shoot tissue and then
grows into the branches and/or stem. It finally encircles the branch/stem and strangulates it, creating
a dead portion above the infection site. Younger trees can be killed by the attack whereas older trees
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get growth reduction, quality degradations and reduced general vitality. Both a field trial and a seed
orchard have lately been attacked by the blistestrand the degree of defence capability has shown

a substantial genetic variation with a heritability of 0.4 in the affected trial and a clear clonal effect in
the seed orchard (Skogforsk, 2008). This has led to a genetic thinning of three seed orchades i

to increase the defense against blister rust but not yet to the direct inclusion in the breeding

programme.

Breeding against Dothistroma damages in Scots pine

{02344 LAYS A& GKS aSO2yR Y2al AYLRNIHDEA @2y A TSI
AA0OKSHYRANIDOE AYI GS OKIFy3aSsy GKSNB Aa |y SELISOGLHG
SLIA&a2RSa gAff NBYRSNI GKS Stad 2F . NRAGFAY dzyadzi il
HANnPOU® gKAOK YIe 3IA0% NRaAaRSLE 2¥2 N2 8 BILIRRIYEEA GGAKS

NEfIGA@Ste fSaa ySalraAgSte AYLI OGSR o6& RNRAAKGA

I 0A20A0 OKIffSyasS FILOAy3a {0O020a LAYS A& 52GKAAa0N
LI G KBHAKK & G NP YI da Syt 2DaNRINHzY. NRAGFAY X YI 22N RFEYF3S
SE23GA0 / 2 NIANAD JNIBMIREER 2 2 RS 3 S\yRdzaS D atyWiRk ND2 y OSNY | 6
NA&A]l (2VHRSRRFAYMOSR yBY 212 RESWNRNT BB/ YiKNF 0J | yiAy:
FYR o0l yR2YyYSyld 2F lye aSNR2dza aAf OAOdzZ GdzNIF £ dza S
HanyT tA2GN2gall SO Fft®dZ HAamMyOd

{O020a LAYS Aa 3ISySNrffe tSaa yS3aridiroNeLHFFSAHIS
YFGSNRFE A& y2¢ AYyONBlI 22Xy ASSRIAKIANBdAz/RIE pBR 0SA
AYLINEGSYSyYy(d LINPINYYYS GKIG 61F& NHzy 6@ (GKS C2NBai
gKSY | ASYSNIf LI Lz | §ARWYK gt yaR NBRERSY STRINGYR 0yF R SIRNI2
62N] RAaAO2Yy(GAYdzZSR o0[ SSZ HnnuT C2NBald wSaSlk NDKEI
3SySiAada FyR 3ISy2YA0a 2F ylLGA@S {O020Ga LIAYS LI LA
NEOSyil NEMISSEINGERSYId (NAIHEf SOGSR Ry NBA2IaS RRNERAY Yy |
LAYSaBRRBRRG KI @S 6SSy aSid dzZJ 'yR LKSy2G@8LISR AyidSya
G2 5b. 6.S8SFd2y SG It ®dI HAHHUO O NBAWVRA YIS INRRME KR
yS3AFGABS O2NNBtLFiGA2y 0SGi6SSy INRGIGK YR 5b. NBAL]
0S Iy STFTSOUADS 6@ 2F NBRdAZOAYy 3 @dz ySNIoAfAlGe G2

[ SOS NI ISR moledzRBdzNG 20 a Sy . n 9 { ¢ ZLIYISGS oiNB SRMIWVAT Lii K ¥
NE&SFNOK adGNyyRa (23SGKSNJ (12 NB2LISY GKS O0NBSRAYT
2F GKS {020G4& LAYS NBaz2dNDODS® C2NBIFINR asStSOGAz2ya o
GKS yS6SNI GNRYE 2FTFANSASY B2MBE NR aSt SOGA2ya oAl
L2 Lddzt F GA2yd | LI2feYAE ONR&A&AAY I LINRBINIYYS Attt Gl
GKAOK FAY i22 {ASWNE 0S8 S\b/.i2 (GKS 0 NBSRYy @ONBIRdkfy3i A =
F LILINR I OKS& INB o0SAy3a RSGSt2LISR dzaAy3d RSiGFOKSR y¢
al YLX S&a 02ttt SOGSR Ay YdzZ GALX S Ot2yS olyla FyR 2y
L ¥ NJSaLJzy Sé G2 | NI ARA OGRS { dzyAR/2NDdA & NR 2y 3 $IBS (iFA2Gizy
I LILINE I OK Fy 0SS NRffSR 2dzi FONRPaa GKS ONBSRAy3 |

F2N) ySs SSIV? 2NDKFNR&a dzydAf AG A& LRaarofsS G2 ac
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Breeding against aphid damages in Poplar

The different species of poplaP@pulusspp.) are fast growing trees, widely distributed in the
temperate regions of the Northern hemisphere, both in natural forests and in specialized plantations,
for the production of soft wood for different uses. Clones of the main species cultivated ipee@ro

x canadensisP. x generoséP. nigra, P. alba, P. tremutend P. tremuloideg are subjected to several

biotic and environmental threats and climate change, by altering the bioclimatic factors that
characterize poplar cultivation areas, has inceszhgheir vulnerability with a reduction in the
productivity and wood quality. To prevent natural disturbances and the attack of some pathogens and
pests (i.e., leaf rust, leaf spot, shoot blight, bacterial canker, and woolly poplar aphid) breeding
strateges addressing resilience to climate change and resistance to pest and disease have been
developed worldwide. All these conventional breeding programmes rely on the availability of
germplasm diversity as a source of donor genotypes carrying resistantsaligtéch are pivotal to
succeed in developing higierformance clones. Among the main adversitfdoemyzus passerinii

also known as woolly poplar aphid/PA, causes up to 10% of yield losses in European and American
countries, where the majority of diNated old clones are susceptible (Carletti et al, 2016). Typically,
WPAstarts the colonization in bark crevices of old poplar plants, often at the insertion of the lowest
branches, % meters above the ground. Aphid colonies are revealed by abundart fleecks, woolly

and whitish in colour, which are produced mainly by apterous females. Feeding activity, which involves
the injection of a toxic saliva, causes bark suberization and, during the heaviest attacks, cracks and
necroses. The death of the barkuses the interruption of water and nutrients circulation, determining
progressive damages until the death of the pléabinteau et al, 2013). The mechanism and genetic
bases of the host plant resistance to this pest are still poorly known, although shadtigs have been
devoted to the description of the resistance behaviour of cultivated poplar clones (Sadeghi et al, 2002).
Populusspp. exhibits different levels of resistanceWPA with a high level of resistance observed in

P. deltoidegArru & Lapieta, 1979) and varying levels of susceptibility observeel. inigra(Allegro &
Cagelli, 1996). Breeding and selection activities in progress also in Italy as part of the B4EST project,
allowed to select neW. xcanadensidones with higher growth rate, sistance to woolly poplar aphid

and main diseases, so more resilient and suitable for a more sustainable cultivation practices, as also
reported in Deliverable 4.6.

3.5 Trade-offs for deployment recommendations

When selecting among different types of FRMhivitany species for deployment (e.g. provenances,
genetically improved seed orchard materials, specifically tailored families or clones) it is important to
consider possible tradeff relationships among the traits that are desired in the FRM. Analysis of
trade-offs are in turn highly dependent on a number of key factors that are species dependent. The
approach taken and which traits that are feasible to include, depends highly on species key
characteristics such as rotation time length, clonability, an@étiver deployment is intended across
great environmental gradients or not. In order to address traffedecisions effectively, the first step
taken for any chosen species must always be to clarify these conditions.

It is important to distinguish tradeffsin deciding desired characteristics of FRM and trafie in FRM
traits (Figure 7). The first aspect covers how to choose the criteria for what would constitute a
successful FRM for deployment and is highly dependent on industry desires, demands ofdra ge
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public, ecological concerns and state regulations. For example, pulp industries can put emphasis on
guantity (annual volume growth per area) as a desired criteria in order to have a stable flow of biomass
whereas specific sawmills and wood refineriraay wish to have a raw material fulfilling certain
thresholds with respect to wood traits thereby increasing product quality and minimize material waste.
Another important aspect is the weighting of criteria associated to forest industry production with
criteria governed by desired of biodiversity and demands from ecosystem services.

The choice of criteria must be taken by a stakeholder group and there are undoubtedIyoffads

this level (see e.g. Blagojevic et al. 2019). Please also note that feopotht of balancing criteria,
choice of silvicultural practice and species composition may be factors of equal importance to the
selection of any particular intraspecific FRM. B4EST granted attention to the impact of external
stakeholder criteria but withut integrating it properly into the tradeffs assessment.

The second aspect covers the biological feasibility in combining different traits in an FRM in such a way
that the criteria previously decided by stakeholders can be fulfilled to the greateseelelyaturally

there are tradeoff situations also at this level. Most of the desired criteria jpee sethe composite

result of several traits specific for a selected FRM. For example, annual volume growth per area is
determined not only by height and digeter growth of the trees but also survival which in turn is
closely connected to both abiotic and biotic risk factors. Traits relevant to such risk factors are for
instance, colehardiness and drought tolerance which can be mediated either by generaleimhe
resilience or by phenological regulation (e.g. Svustyn et al., 2021). Resistance to various pests and
pathogens are also traits that will be important both with respect to growth, survival, wood quality
and forest health in the general sense.

| Primary scope
| of D4.3

1
Trade-offs E

General traits and Vulnerability traits Stakeholder decision criteria

1 Abiotic threats: wind, fire, frost, hot Levels: stand, landscape, national strate
variables TS ' &
temperature, drought, risks
Traits: Growth, survival, wood quality, Shorttermvs long term

el feTeT gt Biotic threats: attacks from pathogens,

rusts, insects, herbivores, risks

Geographic & climate variables: Forest eco: i i
R - - . systemic services
temperatures, precipitation, daylength, e e ool R IR S

latitude, continentality these threats

Bioeconomy: needs of industries

Diversification: biodiversity, social needs,

Genetic diversity as resilience factor risk management strategy

Soil characteristics: reserve, fertility .
against threats. Clonal and non clonal FRM.

. . National regulations for use of FRM
Often easy to include in performance

models Often difficult to include in performance

Potential use of MCDA for decision making
models

Carbon emissions &
Carbon capture

[

Impact & Impact & Impact &
uncertainty uncertainty uncertainty

CANIBIY{ OKSYI A0 20SNWASG RSGFAfAY3 GNFXrAdGa o603Sy
Ay Of dzZRSR Ay LISNF aNNF yONER VENISIE 33 I3 @SHYA SR oe adl
Y@ 0SS adzo2BPDiNBRIF GN2RIKALA YR YIF& |
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The high dependence on the species identity makes it difficult to propose a model or a platform for
handling multitraittrade-offs that would be applicable to all European forest tree species. We studied

a number of example species (Norway spruce, Douglas fir and various Poplars) and came to the
conclusion that their general characteristics of the species heavily detedrmevhat degree and

detail individual desired criteria and/or traits can be considered simultaneously (B4EST deliverable
4.3). Thus, we found that it was unfeasible to propose a general overarching platform/model to handle
multitrait trade-offs. However,during discussions and by comparing the nature of our respective
example study species, we nonetheless were able to identify the most important factors that would
determine the best approaches taken in order to establish multitrait FRM selection platfaimes.
speciesspecific factors that were thus identified were rotation length, geographical distribution, local
adaptation patterns, plasticity and clonability. The nature of these factors and the consequences for
the preferred design of the platform can tsgen in a structural flowchart in Figure 8. It was found
likely that this flowchart method would likely be applicable, not only for our example species, but also
for other forest trees species relevant in Europe. However, it should be noted that theccrexdta
platform to select, prioritize and weight both desired criteria and thereby the desired traits of any
prospective FRM is strongly dependent on the chosen species being well characterized with respect to
the factorsidentifiedin Figure 8. Ultimatly, the outcome of this flowchart will heavily determine the
design and structure of a multitrait performanogdellingplatform.

Rotation time

for species?

Substantial environ- Substantial environ-
mental variation within mental variation within

species distribution area? species distribution area?

Yes | No No Yes

Long (>20 yrs) Short (<20 yrs)

Scenario 1.

e.g. Norway spruce
URFs must be developed to
adapt FRM to existing
environmental variation
or/and to climate change.

FRM are differentiated
primarily based on
environmental adaptation.

Quality can only be
consideredin avery
general senseif at all.

Genetic diversity in FRM
deployment very important
to minimize general risk of
many abiotic and biotic
threats.

No

Is there plasticity
enough to deal with
climate change?

Scenario 2.

URF modeling not critical but
still often desirable.

FRM can be differentiated
hased on specific conditions,
quality can be consideredin
the general sense.

Genetic diversity in FRM
deployment very important to
minimize general risk of many
abiotic and biotic threats.

Scenario 3.

e.g. Poplars
URF madeling not critical.

Most adaptational issues of the
FRM can be solved in the
breeding process, e.g. by
developing hybrid clones.

FRM can be differentiated with
respect to quality requirements
specifically tailored for
differentindustrial end-uses
but can also consider resistance
against pests & pathogens

Stand-level genetic diversity
not always crucial for FRM
deployment but may be
desirable for counteracting pest
& pathogen attacks.

Yes

Yes

Large scale clonal
deployment
possible?

No

ST
Is there plasticity
enough to deal with
climate change?

—
No

URF modeling is desirable to adapt FRM to existing
environmental variation and to climate change.

FRM is differentiated on adaptation but attention
can also be given to quality traits.
Stand-level genetic diversity not always crucial for

FRM deployment but may be desirable for
counteracting pest & pathogen attacks.

Scenario 4.

NG iRyaR/ G BoEh A GwzA GRS Y
Oa 2F GKS S aLJS

Z
- &
I_
-
§
@
>*‘<

04NBS
Kidza § N@ U8 29T @KSORSE
R B R B N IR0 INEENAOS ©
LIBOX Slay A GSNEFE w$

t AR WMy



no9ds¢St AGSNI ot S 5n dg

With respect to selecting the specific FRM for deployment, the ideal method would be to use a
multiplicative or weighted adtlve index in order to optimize thé&lfilment of desired criteria (e.g.
Baker 1986; Berlin et al., 2019). However, frequently the nature of the ndfdeis insufficiently
explored so that it is not possible to simplify this process by using a sel@udiex. In such situations

one needs to resort to more deliberative processes where tolerance thresholds are used or where risks
are quantified separately from traditional productiwalated traits. Again, the situation is markedly
different across specids this regard.

3.6 Options for silviculture changes at stand level

Interaction between silviculture and trees or wood properties

For optimization of higlguality biomass for industry, as well as C&@age in forest and forest
products, breeding has to beonsidered as a factor in forest management. Tree breeding has a great
potential to increase volume production of the larger forest landscape considerably, maybe as much
as by 40 % in the long run (Haapanen 2020). However, there are unfavourable genetiations
between growth rate, particularly diameter growth, and wood density (Hannrup et al., 2004;
Rozenberg & Cahalan, 1997; Steffenrem et al., 2016), wood stiffness (Grans et al., 2009), branch
diameters (Steffenrem, 2008; Steffenrem et al., 2008) possibly juvenile wood proportion (Bouffier

et al., 2009). Grans et al. (2009) estimated the loss in wood density and wood stiffness (MOE) to be 1.2
and 2.7 %, respectively, for each 10% increase in volume production. Similar estimates have not been
presented for branch diameter or the juvenile wood proportion, but the change might be in the same
magnitude. Forest managers can alter wood quality traits by initial spacing during regeneration,
species mixtures and thinning regime. It is, however, rarelgudised if the management regimes
should consider the growth potential of the improved FRM used in different situations to account for
the potential negative genetic correlations between growth and wood quality.

A theory that are used as base for many ra¢@ K SNBE Q AY G SNIINBiGF GA2ya 2F 42
et al., 1999; Worral, 1975; Zobel & van Buijtenen, 1989) suggests that the wood formation at a given
position of the stem strongly depends on the flow of hormones and available sugars from the
developng crown (Larson, 1969). The radial increment, proportion of latewood and overall wood
density at a given position of the stem is therefore influenced by all factors relevant for the trees

growth such as genetics, social status and access to light, hemlitwvth rhythm, temperature,

available nutrients and moisture (Larson, 1962, 1963). The same theory applies to the radial increment

of branches.

Stands established with closer spacing will reach canopy closure earlier and the competition will affect
the aontribution and lifetime of the lower branches to stem growth (Hgibg, 1991; Lowell et al., 2014)
facilitating self pruninng. Later, the diameter increment is reduced by maintaining a closed stand or
released by thinning (Jaakkola et al., 2005). The eteatitial spacing and thinning regimes might
differ among the conifer species (Bouffier et al., 2009) and one should be careful drawing general
conclusions since reported results are diverging (Hebert et al., 2016). In standard conditions an
increased irial stand density will reduce diameter growth of most species (Egback et al., 2012; Hebert
et al., 2016), while the effect on wood density seems to be significant only when extreme variations in
spacing are compared (Hebert et al., 2016; Hagibg, 1991ndsha, 1993; Zhang et al., 2021). Later in
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the rotation, different thinning regimes applied within the practical feasible range seems to have
marginal effects on wood density (Jaakkola et al., 2005) but significant effect on individual tree growth.
Branch dimensions seems to be easier to control with increased stand density both from the
establishment and after thinning (Johansson, 1992; Lowell et al., 2014; Moberg, 1999). Silvicultural
treatments seem to have more limited effect Scot pine knot size onreWte indexes where the trees
react more slowly (Moberg, 1999).

Interaction between silviculture and standlevel genetic diversity

When the regeneration of a forest stand is done by the plantation of chosen material, the stand level
genetic diversity isontrolledby the forest manager in connection with a nursery. But in the case of a
FRM reforestation followed by natural regeneration, the sylvicultural techniques applied at previous
rotations have an impact on the evolution of the initial genetic dikgrs

Thesimulation tool called LUBERONZ2, based on a coupled-demetic modelling approach following
OddouMuratorio et al (2020), investigate the role of withétand genetic variation on forest
performance and resilience and, reciprocally, the effect of silviculture and/or stochastic disturbance
events on standevel genetic diversity (B4EST deliverable 4.5). The model reproducesagsen
stands of either Douglas for Atlas Cedar with natural regeneration, it is developed on the CAPSIS
modelling platform littp://capsis.cirad.f/capsis/presentatiof. The input data are the dendrometric

and genetic characterization of the initial stand, and the progaedel reproduces the stand response

to any silviculturalkcenario (different types of thinning and regeneration management options) in
terms of performance and genetic diversity across generations. Using a graphical interactive
environment (Figure 9) or a script mode, it can be used by researchers and R&bradepsiof forest
institutes, for training sessions with forest managers, as well as for teaching and communication on
management x genetic diversity interactions towards any actors.
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The simulation tools will be used to assess the effectstgfractions between genetic variation,
management and stochastic disturbance events. Already, the first simulation runs with simple
scenarios provide better understanding on the potential impact of silviculture practices on genetic
diversity. In particularthe diverse mechanisms of genetic impacts of silviculture had been described
qualitatively (Lefevre et al, 2014) but not quantified. At this early stage of using this tool, four lessons
can be taken regarding the potential impact of management on gedetérsity:

- F2NBaAG YFyFr3SYSyid 60GKAYYyAy3dIo OFy 3ISYSNIGS KAS
NBadzZ da Ay aStSOdA2y 2y O2NNBEFGSR GNIAGAT Gk
daSSR UNBSa t2y3 GKSIRAFTIIREY I  NFISS@EA ISP ¥K Xz
2F AYRAQGARdAZ f GNBSa G2 GKS NBIASYSNIiGAZ2Y

- SIENI@& YFylFr3aSySyid LINYOGAOSa G 2d®@SyAtsS adl 3as
AyiSyaAriesr oKAOK Oly 0SS Srarfte aFRSOAHEANSZE RIORY
a0SLI Aa O02yaliNIAYySR o0& (GKS 3ISySGAO RAGSNEHAGER

- RATFSNBY(G aAit @AOdz (GdzNF £ LINF OGAOSEA RAFFSNI Ay
SNREaA2y 2F 3ASYSGHAO G NR KOO KF 2NISFAaT 20NES oyt R Qi
FAYAYy3a G2 AYLNRGS FTRFELIWGFGAZ2Y GN}YAGE GAGK2dz
2LIGAYATFGAZ2Y | LIINRBFOKSa NBYFAYy (2 06S AyoSai.
LINE RdzOG A DA G & o

- 0KS 3ISYySiGAO AYLI @i OB" YINGI FSWRSVFR SIRNI6o & G KS N
AdSd YIyl3aSYSyid E RAAGAzZNDIF yOS AyGSNI OlAazyas A
aar3as

Simulation of alternative silvicultural regimes in the Nordic region

In Nordic countries, Finland drsweden, moddbased decision support and planning tools are widely
applied in practice, in addition to research and education. There are severaktlstaidsimulation
software designed for assessing the effects of alternative silvicultural practicesnandgement
regimes. Motti simulator in Finland (Salminen et al. 2005) and Heureka StandWise (Wikstrom et al.
2011) serve as examples of widely applied stand simulators.

Both simulators include a large set of models to predict the natural dynamics aasnbb effects of
silvicultural treatments on stand dynamics (Hynynen et al. 2002, Hynynen et al. 2015, Fahlvik et al.
2014). They include both standnd treelevel growth and yield models for predicting stand dynamics
and structural properties of standsModels of Heureka and Motti are based on extensive
measurement data from forest inventories (Fahlvik 2014, Hynynen et al. 2002) as well amonata f
longterm permanent experiments (Hynynen et al.2002). Models can be used to predict stand
dynamics of afthe major tree species growing in pure stands and mixed stands.

In modelling, special emphasis has been put to predict growth responses to silvicultural practices, such
as regeneration methods, preommercial and commercial thinnings, forest fertilizatiand the use

of improved material in forest regeneration. Both simulators include advanced algorithms to mimic a
wide variety of silvicultural practices (for Heureka, $es://www.slu.se/en/departments/forest
resourcemanagement/progranproject/forestsustainabilityanalysis/heurekaystemet/standwise/

, for Motti seehttp://www.metla.fi/metinfo/motti/index -en.htm). In a recent joint research project

of Luke and SLU, the performance of Heureka and Motti in predicting dynamics of mixed stands were
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studied based on extensive data from both couies. The results suggest that these tools can be used
for growth simulation to evaluate forest management practices for mixtures in boreal forests (Aldea
et al. 2022).

Both Heureka and Motti are capable to predict genetic gain in tree growth for Sicets@pd Norway
spruce. In Motti, genetic gain was modeled as an endogenous variable in existing individual growth
models for tree diameter and height via application of a ChaptRéchards type function (Ahtikoski

et al. 2012, 2013). The procedure corres@sito applying a genetic multiplier (e.g. Gould and Marshall
2010). The genetic gains applied in the models were initially derived from the results for existing,
mature seed orchards (Haapanen et al. 2016, 20B0OHeureka, genetic gain is implemented by
adjusting the properties of the starting condition and by adjusting site index, used as an independent
variable in the growth functions. Separate growth models are used to simulate the young and the
established forest, with a transition height of about 7 Am initial adjustment of site index during the
young forest development is adjusted at the transition to models for the established stand to reach
the pre-set genetic gain at the culmination of growth. Data from seed orchards and genetic field tests
(Rowall et al. 2001) was used for the calibration of the genetic gain.

Benefits and risks with clonal forestry of Norway spruce in the Nordic countries

Ly (GKS mdpTtnQaz STF2NIa 6SNB YIRS G2 AyiNRBRdIzOS @
sprucein the Nordic countries. Different methods were tried where testing and using individual clones

was abandoned when it was discovered that the ageing of the clones in hedge archives rapidly lost
rooting ability and could not mass produce cuttings. A subSefiui YSGi K2R OIFff SR aFl
(Lindgren, 2008) was instead to use-8ib crosses of elite parents to create families of donor plants

from which bulk cuttings could be produced (Rosvall, 2019). However, there were no substantial
amounts of cuttinggroduced due to issues with costs and cutting production capacity and in the early
HannQa Fftf O2YYSNDAFE LINRPRAzOGAZ2Y 2F OdzidAy3aa gl
improving commercially viable systems using somatic embryogenesis (SE) egghii@dnsequently,

regulations of clonal forestry in Sweden are currently very restrictive with regards to land use as the
planted area with vegetatively propagated material can cover only 5% or 20 ha of landholding,
whichever is greater (Rosvall et al,18). On the other hand, no restriction applies on that planted

area with regards to the minimum number of clones or ramets per clone.

Currently, developments in SE technology have progressed during the last two decades and it has been
proposed that such pppagation systems could soon be operational and economically sound. At the
same time, new breeding generations are increasingly becoming available and could provide a much
higher genetic gain (a prerequisite for the price differentiation needed to ma&entbre expensive
SEplants competitive). Thus, a major effort was made from researchers to provide a synthesis of
knowledge regarding the use of Norway spruce clones in Sweden and was presented as a series of
review articles in a special edition of Scamrdian Journal of Forest Research. In this synthesis several
topics related to benefits and risks of clonal forestry were addressed like: (ijtéamggenetic
consequences with respect to robustness, production, resistance to abiotic and biotic riskyedap
capacity (Rosvall, 2019; Rosvall et al, 2019b); (ii) environmental consequences, considering soil, water,
flora, fauna and ecosystem services (Bradshaw et al, 2019; Ingvarsson et al, 2019); (iii) adapted
management systems. Guidelines are then givampfesumptive future operational use of Norway
spruce clones: (i) clonal stands should have a gene diversity of at least 90% compared to natural stands;
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(i) in clonal forestry mixes of 10 and in family forestry with vegetative propagation, a mix of 25
clones are suggested; (iii) new watlapted clone mixtures are continuously updated from the fong
term Norway spruce breeding program; (iv) an upper limit of ramets per clone is suggested (Rosvall,
2019b; Rosvall et al, 2019b).

Polyclonal stands toreduce risks in Poplar

Ly LRLXFN OdzA GAGFGA2Yy (GKS Y2y20t2yIft LIXLFydlGdAzya
GKS 1B8RYIGAO O2yRAGAZ2YE 2F aLISOAFAO UGSNNAG2NRS.
Fa&d20AF GA2y a2y 22NS I TSR daNI20RASISNBR A GE & Ay yI {dzN
L2aSR Ay LJNEuSr@Eﬂ;S smmusurazyrya?)\ws\az Ff2y3 NAGSNEROD ¢
Ol y YAGAIIGSR o0& aK2NI NRGFOIARYOf 2YRf oRA @KISH A
NBLINB&aSyld vy I-quNylu)\Q)s Y2RSf > dzaS¥dzA G2 | @2AR
FYR FT0A20A0 aaNBaad Ly 2NRSN) G2 AyONBIFasS GkS 3S
Of 2y I ¢ Yxédazmﬁvzyuot ¥YZEBRE ADE 204 6AGK | INRdzLI 2F F
Ay GKS LI aid o1 SeoNBS|Y mMpyHod 908y AT y2 o0SySTFAl.
g22R LINRPRAzOUGA2Y oO6. A&a2FFA MppHT 5 SoASRIY Ag2 12 INNKIyET (
FNBE AYy@SNEAStE LINBLRNIA2YIf (2 GKS 3ISYySGiA0 G NRI

QX
(@]
o (/))

SEGNBYSte AYLERNIFIYyG G2 YIAyGlEAy + O2yaARSNIo6f S
OA2GA0 YR IIDANKKO I RPSHAENAEABASR ISYySGAO o O] IANZ
YFEAY26AOTAAZ td GNAOK2OFNLI X td yAINF YR td RS

GENASGFE YAEGdzZNBa 2F FAQGS (2 (SydzmB®gabekKSaKOKNRR
YR LKSy2G8LIAO adGroAftAGe 62SAa3ISNDBSNI mphoo d {22
OYAESRO a0 NRENGYHARBY A FNRBY wn (2 pr: 2F (G662 2N )
SYBANRYYSYy(lkaataANPAFgEYAORAG@ES wdzNI £ 5S8S@St 2LIYSyd
Fff26a (2 LMz2NEdzS GKS adGNIGS3IA0O 2028500A0Sa aSi 2dz
GKS LRtedt2ylt Y2RStaxX Ay I RRAGAZYRGIRY UINBSBHA RAT :
LIN2 RdzOG A @S5> SO2y2YAO FYR SYy@ANRYYSyGlrf yIFGdNBTZ
F2NBadG YIylFr3asSySyid NBldANBR o0& G(KS cCc2NBad {0GSsl
{0S61 NRAKAL) / 2dzyOAf C{/ LIC@NBBNC IORIZ2[NA{SWK]ISHFI! wNE 3
R2 Odzy Syl 9 @ANRYANI YYS F2NJ GKS 9YR2NESYSy(d 2F C2NBal
0S 2FFaSGSR o0& (KS asStSOGA2y 2F +y Ayl LILNRLNXEFGS
Y2NB OdiXISt Sl yI 3SYSyid FyR KIFNWSadAy3a 2F aidl yRa
K2Y23Sy2dzao

The benefits of stand diversification

Diversification of tree species is considered as an option to increase resilience of forest in a given area
dominated by one trespecies. In most cases, plantations are monospecific to simplify site diagnostic,
management, seedling production, an optimize management costs. Yet the increasing interest for
mixed plantation is mainly supported by the relative overyielding observetiny casesA worldwide
meta-analysis was able to quantify this productivity gain of mixed over pure forests by an average of
15% (H. Jactel, 2018). This relative overyielding meanthatean yield of the two species in mixture

is often higher than thenean of the yield of the two species growing in pure stands (but usually lower
than the yield of the fasgrowing species alonefjn absolute overyielding is rare but can be observed
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in Europe with the following plantations: Scots Pine/Spruce, ScotsBdeeh, Scots Pine/Alder and
Spruce/Beech. The following mechanisms explain the improved productivity of mixed stands:

- GKS RSYy&aATAOLGARZ2Y 2F (KS Oly2Lk | tt26SR o0& |y
08 RATTFSNByYy(H O2YLX MYISNIDKNES @GLisdB S& T2 N (KSA

- ¢KS O02YLX SYSyidlFNRGE 2F &aLISOASE Ay GKSANI daS :

- ¢KS LKSy2YSy2y 2F TFILOAtAGIGAZ2Y o6& | O2YLI} yAZ2
aza Al AlGa ftAGOSNE FT2NJ SEF YLIX S0

- wS

%

f
RdzOGA2y 2F KENBESOZME RI Yl 3IS o8
y

- lae

But species diversification can also offer greater resilience and adaptability to climate change. For
example, the mixture effect is often, but not alwapssitive for species drought resistance (Grossiord,
2018). The most significant positive effects are found when mixing coniferous and broadleaves but it
depends a lot on the species used and especially their physiological traits. Those effects can be
expldned by the complementarity of the occupation of ecological niches by the roots which can allow
a better exploration of the resources without generating competitions.

Mixture have also an effect on insect populations and forest health. A globatanetgss shows that

species mixture can reduce insect damage by an average of about 25% compared to pure stands (Jactel
et al., 2021). Once again, coniferous/broadleaves mixtures are twice as effective in reducing insect
attacks {45%) (Jactel & Brockerhoff, 200 Several mechanisms are proposed to explain this
resistance like by providing habitat and resources for natural enemies or by providing a physical and
chemical barrier.

Yet very few foresters are engaging in mixed plantation, in Nordic country natuwmaithyng
accompanying species such achbare welcome, but when starting from scratch many issues make
mixed plantation management complex: different sped growth and competition, different plantation
constraint, cost of maintenance, thinning regime (hawavoid to end up with a pure stand) wood
product quality (if only one of the species has a market) global value of the stand,

Thus, more and more field trials and social studies are focusing on feasibility and success story or failure
in mixed plantéion, trying to identify good mixture of one or two species that would perform better
than a landscape mosaic of the same species. Breeders, especially working with clonal forestry should
pay more attention to this approach such as polyciclism mixturéoeeg in poplar plantationg-orest
managers could design their mixed plantations and adapt the choice of species according to the
existing improved material. however, an equivalent growth rate must be ensured between the two
species which may vary with getic selection.Some recent finding on mixed plantations will be
available on COMFOR (https://iwww.comfsumdoe.eu/) and MixForChange
(https://mixforchange.cirad.fr/).
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3.7 Complex landscape

Landscape complexity can promote resilience both to biotic andtiaktloreats which are a main
concern within the ongoing climate change (Feit et al., 2021). A complex landscape can be achieved
with a mosaic of land cover uses, such as patches of forest, agriculture and of urban areas. We illustrate
this topic with the @ample of the Portugal country level, having a forest cover around 36% whereas
eucalyptus represents 26% of existing forests or 9% of land cover (ICNF, 2019). At landscape level
contribution of eucalyptus forests to the landscape complexity will vary deipgnon its proportion

in the territories and a set of characteristics:

- {ATS 2F 286ySNEAKALI 2N YIFyl3SYSyid dzyAaday Yzal
26ySNARA SKAOKI Ay | @SN IS KI @GS ayvylftt | NBlLa or

- {AT 2Y2HESK S2dza LI GOKSay aiaisS 2F 02y GA3Idz2dza Sadz
alrYS NROIGA2YZ alYS £tS@St 2F YIylFr3asSYSyid FyR

- DSYySGAO YFGSNAIf dzASR FyR GéL)lS 2F CwaY SEA&GA
2F FTHIKBDODKaE KI S 0SSy LI I YyiSR #RUKSARILINGBDSRE @2
a2NBOAEONI @ LJidza BHf B azZidzst 3 NBOFf OAGNI yi aLISOAS:
2LISNI GA2yLfted | SyOSs SdzOF feldidza Of 2yt LI Iy
LX I ydlFdA2ya Ay t2NIdAlFfd LY | RRAGAZ2YINAIKS YI Y
GKS dza8 2F Of2ylf YAEGdAINBAaAD CdzNIKSNY2NB=Z | i
FNB FTREAY BESIR{ AGAEGT NRRYSRKREFRAT f Ay FGA2y9WR2 AR & LIN
KAIKSNI Ky Of2ySao

- [ 2YLRAAGAZ2YY | 0K2DAKY v2@A02 y25F  FSNIBO | LN diaK S NB
SdzOl f 8 LJidza &Gl yRAYy3 aiGl yRa 6KAOK I NB YAESR® ¢
AF SdzOF f 8 LJidzA A& R2YAyoLylib Q&M /enomd2ONI A4 R2 YA Y (

- {UGFryYR O2YRAGAZ2Y YR RS@St2LIVSyGY SdzOF f & LJGdza L
Odziz 06dzN)YySR 2NJ 6SAy3d NBISYSNIGSRP ¢K2AS GHKA
OfraasSao QEA&GAY3T 2N y2iG YIyl 3SY&YHt eslaitdka K
LINE RdzOGAGAGEe YR FANB KFTFNR o6dzi Ffaz2 Ay (K
LX FyaGFriAazya KIFI@S tSaa GKFIy G2 @SINEX GKS& gA
RAAGAYOG ofdzSAaK O2f 2 dzNJGFRINS (iKkeS2 e SIRNEEO [ ol8S df  tKE
GKAOK O2y(iUNROGdziS SAGK | INBSY O2f2dzNJ G2 (KS
t 2NIidzaFf FNB YrFyF3aISR Ay O2LIIAOS F2NJ I o62dzi 4K
LI FyldriA2ya AGKSRATHNBIBY G FANBOF &BGHKIGA2YyY 2NJ |

LIX I ydFdA2ya FNRY ! fGNR KIFEGS wmmr: 2F | NBF Fff2C
G2 LINRY20GS yIGA@GS @S3ShilradA2y IyR 0A2RAGSNEAG
20 KSNIFTHOWSI@ANBIR F NBFa yR O2y(iNARO6dziS G2  RAGSI

I NBlF& o0& Hnono

The history of fires occurring in rural areas in Portugal have a great impact in the landscape and in the
reduction of landscape diversity. Large firesttia absence of active forest management, result in
considerable areas of even aged forests and favouring species which are better adapted to restore
after fires.
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Landscape complexity arises not only from land cover mosaics but also from the existingpiyyogr
Slope, aspect and local relief are important in relation with soil properties and microclimate. As a
result, often local variability in soils and microclimate is more important than large variability existing
in the region. Such variability will caiitute to variation in productivity of eucalyptus stands and is an
opportunity for using a variety of improved genetic material with traits adjusted to each condition.

38 The Pl anterds guide platform

In Sweden the two biggest commercial tree species arésSuoe and Norway spruce comprising

almost all the 358150 million seedlings planted every year in Sweden9®% of all forest
regenerations are made by planting and close to all of the Scots pine seedling and 70% of the Norway
spruce seedlings originatdrom seed orchards, i.e. improved FRM (Skogsstyrelsen, 2022). At present

some 40 Norway spruce and 70 Scots pine seed orchards are commercially available for forest owners

in Sweden and each of these seed orchards has a unique combination of genefip@ath, survival)

and adaptation profile (e.g. phenology) spanning over 10 different seed zones in each species (Rosvall,
2003). Thus, guidelines and tools to help the forest owners select an appropriate FRM are required

and has resulted in the developyfei 2 F GKS tflyidSNRa 3JdzARS LI FGF2
universal response functions (cf Wang et al, 2010) combined with seed orchard information (Berlin et

al, 2014 & 2019) and future climate scenarios that can support assisted migration of irdgFRh

6A4SSR 2NOKFNRaAVLD® ¢KS tflyidSNRa 3Idzi-we&s. Edstly, thd 2 N A
tfFyidSNRa IdzARS o6t DU gKAOK A& @At ofS F2N {021
Norway spruce in Sweden only (Skogforsk,22)2PG is an openly available tool that allows forest

owners to select an arbitrary regeneration site and provides a list of seed orchards ranked according

to their predicted per hectare production over a rotation (Figlie.
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Conditions for ranking

Altitude (m.asl) @ 284 m

Temperature sum & 884 degree days
Climate scenario ® +2.5°C (SRES-A1B) w
Adjustment for local conditions ® Average v
Seed orchard origin Finland & Sweden v

Seed orchards

Ne @  Mame @ ‘Cuuntry@ nd@ + Sur® # Grow @ ¢ pc@‘ut@‘@
Local origin 100 74.2 100 637
FpP-6m: Visterhus To Sweden b 73.8 1247 40 63.6 O
FP-430 Sundsvall Elit Sweden 120 787 ngb 40 439 [l
Fp-425 Dal Ta Sweden ng a1.8 4.2 40 64.5 [
Ep-az Tre() Sénnersta Sweden 18 731 122.3 68 63.5 Il
Svq18 Komu Finland né 72.4 123 5% &63.4 O
SvA43s Kéapy-Herttua Finland n7 76.6 na a2 64 O
FP-632 TreQ T7 Skeppsholmen Sweden n7y 8.2 4.2 75 6.4 J
Svan Kelio Finland n7 48.4 1255 49 43 (]
FP-435 TreQ Tio Oden Sweden 14 71 19.2 o8 63.3 [
CAddzaNE ay |l LJAa K2 (i @2 3 daAKRS thf212yf0 SININJ { 023G & LAY SO

a
&SSR 2NDKINR& FNB NIyl1SR FOO2NRAy3 d2 GKSAN
AYRSEO® t NERAOUG $RE®deNIASBN NI IGER 83 NP

The tool is based on Google maps and is platform independent for easy use both at the office and in
the forest. Additional information about the seed orchards like the standardized latitudinal origin,
degree of pollen contamination,deployment map and seed orchard owners are given to further help
end users in their decision making and facilitate getting in contact with the right plant producers and
YAdZNESNASaAad ¢KS 20KSNJ G223 t € yidSNIadtorsIvitblaRgs 2 LJG A Y
holdings of land that mostly also produce seedlings and own or partly own seed orchards and nurseries
(i.e. large forest companies and some forest owner associations). PGopt allows the end user to
simultaneoushhandle multiple regenett#on sites and seed orchards where each orchard has a limited
amount of seed available. By distributing the seed orchard crops in an optimal way, PGopt then
maximizes the mean annual growth over all regeneration sites (Figure 11).
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As for PG, PGopt is openly available for Scots pine in Sweden and Finland (Skogforsk, 2022c¢) and for
Norway spruce only in Sweden (Skogforsk 2022d). PGopt is currently being used by most of the major
Swedish forest companies and studies have shown thiastantial gains in forest production can be
achieved by allocating seed orchard crops in a more optimal way (Davidsson et al, 2018; Berlin, 2021).

3.9 Sociological and administrative barriers to FRM deployment

Stakeholder acceptance

The diversity of foresnanagement regimes and traditions across Europe matters for the deployment

of FRM. According to Forest Europe data about two/thirds of forests in Europe originate from natural
regeneration or natural expansion. Forests established by afforestation andingéeeding
represent less than 30%, while coppices contributed almost 5% (Forest Europe, 2020). There are clear
regional differences with lower shares of planting in Southern Europe.

The forest management context affects how stakeholders in differenionsgwill perceive their
choices related to planting FRM. For some, it is part of their job, but they may have only limited choice
because decisions on what seeds are used to produce planting stock is taken somewhere higher in the
decision making of the fest reproduction chain.

Whether managers are willing to select different species or move from monocultures to mixed species
stands depends strongly on their awareness about climate ch@@@#t has been shown that without

CC awareness, there is veignited willingness to adapt forest management to climate change
(Blennow et al., 2012). A B4EST survey indicated that forest owners and managers perceived climate
change impacts less negative in Nordic countries and the UK, whereas impacts were seantlpmin
negative especially in Spain, Portugal and Germany (B4EST delidfable common believe was

that adaptation to climate change is important. The three most important adaptation measures were
1) diversifying tree species composition, 2) Artifici@ageneration with improved FRM and 3)
Enrichment of natural regeneration with FRM better adapted to future climate changes (B4EST
Deliverable D5.1; Roitsch et al. in prep.). As also diversifying tree species requires in most
circumstances artificial regenation, all these prioritized measures relate to the deployment of FRM.

In regions, where forests were in the past regenerated primarily through natural regeneration, a
paradigm shift may be needed to depart from the prevailing management traditions.isT bjiste
strongly debated currently in parts of Central Europe. However, considering the large areas of spruce
forests devastated by the recent bark beetle outbreaks, large scale forest restoration will widely be
needed, and regional forest managers urgtand that regenerating spruce is no longer feasible under
the changed environmental conditions.

Diversifying tree species composition as the most frequently selected adaptation strategies is an
indication that managers see a strong need to enhance foresilience, as diversity is a crucial
component of resilience in light of the remaining uncertainties of our future climate and related
impacts on forests, but so far the economic gain is the main driver as demonstrated in Seeano

et al (2021), showig that a limited genetic gain on growthrcgenerate a significant economic gain

on the rotation length.
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Results from surveys show that forest owners and managers often perceive nature conservation
legislations as causing excessive constrains espesigdito high bureaucratic burdens and increasing
costs (B4EST deliverable D4.2). On the other hand, regulations as the Habitat Directive may also
prohibit the use of new species or species from different origins, although forest owners would be
interested in using such to mitigate climate change. It was also stressed that there is a need for
common European measures to promote for example assisted migration.

Administrative issues of assisted migration
B4EST providemh extensive overview of existing regtitas for deployment of improved FRM, as well
as stakeholder perceptions (B4EST deliverable 4.2). The two main conclusions were:

1) GKIG GKSNB Aa adatf tFNABS GFNARAFGAZ2Y Ay
GKSNB | NB alSyd8 NA i INJGIAY2 T fSIAatliAzzya
dzaS 2F CwaxX S@Sy (K2dAK y2i RANBOGEIE& I RRNEB

NEFRSN) aSyasSs ylIGdz2NE O2yaSNBIFGA2Yy S I yRaOoOl

KIEG 27F0SyNBIAIAY2IYTE (LI fyAROASE LINRPY23GS (GKS dzas

Q1

2)

N Co

Qx¢

GFrofS OftAYIFIGS LISNA2Rad {dzOK NBIdzZA I GA2Yya
SBSOAlIffte ogKSy O2dzyiNE 02NRSNH VYdzad o0S ONRa
The most important European regulation is the Council Directive 1999/105/EC on the marketing of
forest reproductive material which is based on the OECD scheme for the certification of forest
reproductive matetal moving in international trade. Other important international regulations and
policies are the Convention on Biological Diversity (CBD) and the FAO Global Plan of Action for the
Conservation, Sustainable Use and Development of Forest Genetic Res@isogsnainly national)
regulations considering the use of noative tree species may be of importance. Other regulations,
concerning forestry in a broader sense, nature conservation, landscape functions, land use etc., may
affect the use of improved FRMdirectly. An international example of this is Nature 2000. A national
example from Sweden is that on agricultural land one may plant trees, but after 20 years the land will
be considered no longer agricultural land but as forest. As a result of this relatibn (< 20 years)
forest tree plantations with species such as hybrid aspen or poplar miavberablefor a landowner.

In surveys by EUFORGEN and the GenTree project (Horizon 2020 research and innovation programme
under grant agreement %76876) takeholders from several countries expressed the necessity to
adopt and reinforce common adaptation and mitigation measures, promoting the use of (improved)
FRM across borders to support adaptation to climate change. A main argument was that improved
FRM bould be preferred for cross border transfers because it should be more reliable since it has been
tested and selected and because its origin is ‘edwn. Forest owners and managers, as well as
nurseries expressed the need for guidelines and regulatmfiad the optimal balance between wood
production and the request for conservation of the biodiversity (including genetic diversity) when
choosing the most optimal FRM. Because of the common goal of sustainable forestry in a changing
climate and becausassisted migration often requires creberder transfers of FRM, a broader
international attempt to come to common regulations is needed.
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4 Species recommendati ons

4.1 Scot pine

Although there are some minor differences, the tree breeding programs for Scat$rpsweden and

Finland are very similar in strategy and desigraPANEN ANBIIKOLA2008;ROSVALR011) and the key
FSIFGdzNBa FNBE RSAONAOGSR 0St2¢6d ¢KS ONBSRAY3I LINEIAN
selection of superior individuals, salled plustrees, by visual assessment in natural stands. These
plustrees were subsequently tested in field trials and the best{iass were selected after genetic

evaluation to constitute the next breeding generation. These selected trees wereedramsd their

offspring tested in field trials, whereafter the new candidates are evaluated, and the best performers
selected. This then continues with a complete generation turnover e§@9ears, with a genetic gain

of 10-15% per turnover, and can bé&strated as a circular process (Figug.1

Deployment population

Plus tree selectlon

e b L ii’;é
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Genetic
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CAJdaMXS RATFSNByG aisSLma 27 KS oNBSRAy3I LINROSasa
L2 Lddzt F §A2yS LINEGARAYI G(G(KS AYLNROSR Cwa TFT2NJ F2NBa

The breeding programs are based on MPRSItiple Population Breeding SystenNAMKOONGL976)

with several different sulpopulations that are unrelated to each other and adapted to different
combinations of photoperiod, temperature and altitude, which are known drivers of Gene
Environment inteaction (GxE). This results in a differentiation of adaptation patterns between the
sub-populations and consequently a preparedness for a warmer climate.

The breeding programs have so far aimed for general purpose goals where most of the focus has been
on increased growth and vitality and the gains we have presented earlier refers to predicted areal
production over a rotation. However, for Scots pine, stem and branching traits have also been
considered and included in the breeding goal. In addition, resistém biotic threats (e.gCronartium
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GremmeniellaDiplodig Pine wood nematode) have been (or are being) evaluated but not yet fully
included in the breeding goal.

At different steps in the process, the breeding material is transferred to the deploypamilation

(figure 10) which, exclusively has been made up of seed orchards. After thzqaselection, many

of these trees were also used in first generation (1g) seed orchards with a genetic gain about 10%
compared to unimproved stand seed. Afteetigenetic evaluation of those phiiees, the best trees

were selected to the onand-a-half generation seed orchards (1.5g) with a genetic gain abo2620
compared to unimproved stand seeBSVALRO03;HAAPANENt al. 2016). The most advanced parts

of the breeding programs have now reached the genetic evaluation of a new breeding generation and
some early secongdeneration seed orchards (2g) are planned for establishment in a few years.

The currently available seed orchards of Scots pine have tiffgrent levels of genetic gain and

adaptive properties, which means that correct and climate adapted deployment of the improved FRM

is necessary to achieve the maximum possible genetic gain. Therefore, deployment guidelines and
decision support tools habeen and are under development. In 2016, new joint transfer effect model

for growth and survival for both Sweden and Finland were developerl (et al.2016). Furthermore,

the models were based on, at that time, staiéthe-art climate data with vagbles especially tailored

to describe forest tree performance in the Nordic regiBARRINGet al. 2016) and allowing for better

YR SELX AOAG OtAYFGS FRFELIWGEFGAZ2Y® | fa2 AyandhnmcI |
the Finnish national fonal deployment regulations were updateBUOTSALAINE2E al.2016) based on

these models and new climate data. Within B4EST, we developed common deployment guidelines for
Sweden and Finlan@gRLinet al.2019). This included the characterization of conpamrary improved

FRM which included estimates of genetic gain, calculation of standardized latitudinal origin and pollen
contamination level. The guidelines also described how growth and vitality traits are combined to a
performance index used to rank thevle Qa3 @ CAY Il ft f 83X 020K FRYAYA&AUGNF GA
were reviewed and combined to practical deployment recommendations. When the common
guidelines were developed, they were implemented in a joint Swe@ighy y A a K t f I y i SNR& 3
as a operational and fre¢o-use webtool in the autumn of 2019 When the formal deployment
regulations were updated in Finland, Swedish seed orchards were explicitly included as allowed seed
sourced. However, the Swedish regulations for allowed transfeFRM requires all seed sources to

have an assigned latitude of origin, which is given in the National list at the Swedish Forestfy Board

The Finnish seed orchards are not included in this list which resulted in ambiguities in how and if
Finnish orchardsould be legally used in Sweden. After a dialogue process between Skogforsk, Luke

and The Swedish Forestry Board a formal decision was made to use the standardized latitude

IKGGLIAYKK 666 DA | 2 BFFLINBLUEDGISK 1] S i Hh ik ik oy nibIRB/ VA G/ Al £ k

SKGGLIAYKK SS9 ONHz2 1 | OARNNE RAMDY ik MRISH Rk & S REBNMBIBdrO/liik 2 Yk 6 F & A O
YIGSNA L kiREBBI 2B X FMIE aANdwNIE i A vahirdyv R I &

‘KGGLIEAYKK GG DE] 234 4 G Bk A StyamsaySukadlf 23l 2f R { SAR/SHEE VGl fiRSINAL | £ k N
f A& 0k IAGEXDYIRT
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https://www.skogforsk.se/kunskap/kunskapsbanken/2016/battre-klimatanpassning-i-nya-plantval/
https://www.skogforsk.se/kunskap/kunskapsbanken/2016/battre-klimatanpassning-i-nya-plantval/
https://www.skogforsk.se/kunskap/kunskapsbanken/2016/battre-klimatanpassning-i-nya-plantval/
https://www.skogforsk.se/english/products-and-events/software/planters-guide---pine/
https://www.ruokavirasto.fi/en/farmers/plant-production/forest-tree-seed-and-seedling-production/basic-material/deployment-area-maps/natural-resources-institute-finland--vilpas/
https://www.ruokavirasto.fi/en/farmers/plant-production/forest-tree-seed-and-seedling-production/basic-material/deployment-area-maps/natural-resources-institute-finland--vilpas/
https://www.skogsstyrelsen.se/globalassets/lag-och-tillsyn/skogsodlingsmaterial/rikslangden-och-national-list/national-list.pdf
https://www.skogsstyrelsen.se/globalassets/lag-och-tillsyn/skogsodlingsmaterial/rikslangden-och-national-list/national-list.pdf
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seed orchards in Sweden

lf 0K2dAK GKS tfFyGidSNRaE 3IdzARS (22f Aa 2LISNI A2y f
there are some weaknesses in the current tool and its underlying models. Firstly, the current transfer
effect models are only based on field trial data in Finland and Sweden north of latitude 60,
corresponding to the southernmost part of Finland so that, photoperiodically, the data covers the

same areas in both countries. This meant excluding data from souweden which was not readily

available at the time the study was conducted. This likely has undesirable effects on model properties
when trying to predict growth and survival in future climates, which we believe can be mitigated by
including field triad from southern Sweden. Furthermore, there is an increased interest in using
improved Scots pine FRM in parts of Norway, but the current models and tools cannot be used to
provide deployment recommendations in Norway. Secondly, the climate data used amingc
increasingly outdated as better climate modelling and scenarios are becoming available. The climate
RFEGlI Ay GKS OdzZNNByd t I+ yidSNDstenaidg/akl s itansisys dfiwo O2 Y LI
merged national datasets, it cannot be expaddo neighbouring countries. Consequently, we have
addressed these weaknesses in BAEST by:-éialysing the transfer effect models with new field

data from both Norway and southern Sweden; (ii) using a new data set for historic and future climates
based on the CROS and UKCEB datasets and downscaled to increase spatial resolftiii)
including all four RGR OSY I NA 24> SIFOK gAGK FABS / DaQa Y2RStf A
models and new climate data have been implemented in a netwision of Planter’s guide, which

also includes parts of Norway. This test version is also capable of managing the uncertainty of FRM
performance predictions by using methods developed in deliverable D4.4 and described in detail in
section3.3 and will ke used for stakeholder interactions to-develop design and functionality of a

ySg tflyiSNRa 3IdzARS adeaiaSvyo

tfFyGiSNRAE FIdzZARSE Ay Aida OdzZNNByd F2N¥Y LINPOJARSE Cw
is not adapted to the requirements of large feteowners and/or plant producers. Therefore, a

aSLI NI GS (22t ot t F)yhich oplimizesIhdzisR $hd distributiol df impraveéd FRM

for large forest owners with many regeneration sites and access to several different seed sources was
devdoped (for details see sectilBdy 0 @ t f I yIiSNRE 3JFdzARS 2LIAYAT I GAZY
studies in Sweden and results have implied that large Swedish forest owners could substantially
increase forest production by optimizing the use and distritmutof their available plant material
(Davipssoret al,H nmy 0 ® 1 & t € FyGiSNRa 3FdzA RS 2LINAYAT I GA2y 7
tfFyGiSNRE IFdzZARST AlG Aa F@FAfFrofS faz2 F2NIFylfea

5
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https://www.skogskunskap.se/cd_20210603161325/contentassets/a0117bac201e4547a36ab7b27c6c7f6c/beslut-om-anvandning-av-finskt-plantagematerial-dnr-20-20-609.pdf
https://www.skogskunskap.se/cd_20210603161325/contentassets/a0117bac201e4547a36ab7b27c6c7f6c/beslut-om-anvandning-av-finskt-plantagematerial-dnr-20-20-609.pdf
https://ibbr.cnr.it/climate-dt/
https://www.skogforsk.se/produkter-och-evenemang/verktyg/pvopt/
https://www.skogforsk.se/produkter-och-evenemang/verktyg/pvopt/
https://www.skogforsk.se/produkter-och-evenemang/verktyg/pvopt/
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4.2 Norway spruce

The key and general features of the Norvegyuce breeding program are very similar to the Scots pine
breeding program in Scandinavia described above, but in this case, it applies to Norway, Sweden and
Finland. The MPB§/stem, tradeoffs between genetic gain and diversity, climate adaptation and
testing strategy follow the same structure in all countries and is described ipréwéous Scots pine
section

As for Scots pine, the breeding programs have so far aimed for the general increase of net area
production of usable stem volume for use in sfiwral constructions and pulp and paper
products. However, a major difference from Scots pine is that phenology, and especially the timing of
bud burst in the spring, is a very important characteristics in the southern parts of the region (southern
Swederand the southernmost parts on Norway and Finland) as it is related to frost damages. Similarly,
hardiness in fall is important at higher latitudes and altitudes. Consequently, phenology and hardiness
is included in the breeding goals of some breeding petprns. Similar to Scots pine, stem straightness
and defects, and branching traits are on general basis being assessed to achieve the general breeding
objectives. There, is however, also and increasing focus of thewtaad properties most critically
correlated with growth traits, or with importance for dimensional stability of lumb®/ood density

has been shown to have a rather strong unfavorable correlation to growth tidts=(1997;Costa e

Silva et al. 200(HANNRUFRet al. 2004; Gréans et al. 208 STEFFENRES®E al. 2016) and is planned to be
included in selections for the upcoming-§&neration for several breeding zones. Furthermore, other
traits related to solid wood product quality (e.g. acoustic velocity, MoE, MoR, spiral grain angle) have
been evaluated (Hannrup et al 2004allingback et al. 200&rans et al. 200Bteffenrem et al. 2009
(HENet al.2015;CHENet al.2016) but not yet included in operational breeding. An important pathogen

to Norway spruce is root roHgterobasidion sspcausing degradation of the timber quality of-28

% of the trees in a forest (Huse et al. 1994) and substantial economic loss to forest o®aeesal
studies have shown that resistance to root rot probably has a genetic compowsEL ENDORF AND
THOMEN2008; SVEDJEMAREL al. 2012; Steffenrem et al. 20168EMESIECORRIZL al. 2016; CHENet al.

2018). Some screening of genotypes to seed orchards and breeding populations are just starting but
further development of phenotyping methods, as well as geisiris needed for resistance to be fully
implemented in breeding. Drought stress is an abiotic factor that is increasingly important for health
of Norway spruce in the southern range of its distribution including the southern regions of the Nordic
countries (Hentschel et al. 2014). Although some is known about drought damage on a species level,
very few studies have been performed to investigate any direct genetic components of drought
tolerance in Norway spruc&INESSON ANERIKSSORO03;HAYATGHEIRBE al. 2021) and it is not currently
included in the breeding goal. Indirectly, the direct dieback from drought seems to be more
pronounced in trees with low wood density (Rosner et al. 2016) and density might be a screening trait
also important for hydraulisafety and resilience to drought (Rosner et al. 2014). Following drought
stress, a major biotic threat is the outbreaks of bark bede fypographus Although, resistance to

the bark beetle itself is probably genetically variable, many factors ingudhnual and seasonal
variation contribute to the demise of individual tregSHRNet al.2021), and more studies are needed

to include resistance in the breeding goal. There is genetic variation in the resistance to tiebtek
associated blusstain fungi Endoconidiophora polonid@<rgpPpPet al. 2015, Steffenrem et al. 2016)

that is necessary for feeding the larvae of the beetle. Resistance can be screened for by stem
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inoculations similarly as for root rot, but there does not seem to be a genetielation for the
resistance against the two pathogens in Norway spruce (Skrgppa et al. 2015; Steffenrem et al. 2016).

Similarly, as for Scots pine, the best proportion of the breeding material is transferred to the
deployment populationKigure 12). Although nearly all improved Norway spruce FRM originates from
seed orchards, vegetative propagation by means of rooted cuttings and somatic embryogenesis is
currently also used in smadtale. The categories of seed orchards (1g, 1.5g, 2g) and their genesic gai
are the same as for Scots pine described above. Some orchards are also characterized by their
phenology apart from their genetic gain in growth

As the improved FRM of Norway spruce is expected to show different levels of genetic gain and
adaptive propeties, correct and climate adapted deployment of the improved FRM are necessary to
achieve the maximum possible genetic gain over the landscape. Thus, national deployment guidelines
and support tools have been developed in each country separately. In 8wteaesfer effect models

have been developed for growth, adapted for improved FBER(INet al. 2014) and implemented in
Y6IEGA2Yy Lt @GSNBRAZ2Y 22IThelfdnal regildtiohsi fér MiDwied FadsieRoS FRW 22 f
provided separately from the Salish Forestry Boafdin Finland, the recommendation is to use stand
material transferred from the south except for northern Finland where the use of local material is
recommended. According to these guidelines, Estonian FRM is accepted for regeneration i
southernmost FinlanddJALzet al.2019). The deployment areas of seed orchards are defined in terms
of temperature sum and confirmed by the Finnish Food AuthBritg Norway, the national regulation

for seed and plant deployment defines the limfibs transfer within the country. Use of seed and plant
materials from abroad has to be approved cégecase. Presently, 1g and 1.5g seed orchards supply
95 % of the seed consumption. Deployment of this FRM is following guidelines given specifically for
the orchards and there are general recommendations for transfer to adapt to climate change.

Thus, no joint deployment recommendations and decision support tools currently exist, which severely
complicates use of FRM across national borders in the regi@mefine, a key task in BAEST has been

to develop joint Fennoscandian transfer effect models for Norway spruce and to implement them in a
G§Sald GSNERA2Z2Y 27F | 02 Ydelvgfable B.8)yTheSinEatiemd dzbldvedoping2 2 £ 6
such models wergpresented in deliverable D1.3 using over 500 field trials in Norway, Sweden, Finland
and the Baltic States and the new climate data (TBIWKCRS8) described in the Scots pine section
above. The model was further developed to be able to: (i) better ciheedifferent climatic condition

and altitudinal variability in the modelled region; (ii) simultaneously handle the wide variety of Norway
spruce provenances across western Europe used in the breeding programs and field trials. One main
new feature was thiedaylength (Julian days) provided a better proxy as key transfer effect driver (light
conditions, photoperiod) than latitude. The new models for growth and survival are common and valid
for all studied countries, except for the westernmost part of Norwdnich was observed to be too
different climatically to be included in the modelling effort. Apart from the transfer effect models, a
key trait is the timing of bud burst, which is a highly heritable trait and with a strong provenance effect,
and its relatbnship to the risk of experiencing frost damage. Within B4EST we have focused on
developing models that can predict provenance specific frost risk at an arbitrarily selected planting site

BKGGLIAYKKG66Da] 2RPBRNBY X8 vy OINDR NG §HIK LI I yi JI f
SKGGLIAYKK 666D ] 2 D RBYNI FiNREIGSF SIK MIPRNGRAE f&fGHGlySyy 3
WK GGHLIBYKK S 66 DNHz2 B NE kK RINE i #z0 ¥ g SR SFRRRRIBI S REINMB/ RdzO i kK 2 Yk 6 | & A C
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https://www.skogforsk.se/produkter-och-evenemang/verktyg/plantval-gran/
https://www.skogskunskap.se/rakna-med-verktyg/foryngring/tillaten-forflyttning/
https://www.ruokavirasto.fi/en/farmers/plant-production/forest-tree-seed-and-seedling-production/basic-material/deployment-area-maps/approved-seed-orchards/
https://www.ruokavirasto.fi/en/farmers/plant-production/forest-tree-seed-and-seedling-production/basic-material/deployment-area-maps/approved-seed-orchards/
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(e.g.SvysTumet al.2021, MS25, D4.3). In the new models the relaship between climatic conditions
OOGSYLISNI GdzZNB &adzyv 17 3ANRGUOGK NKEGKY 00 dzRBinFidaneh (G0 T
13). The study also showed that risks of damages from frost in the Nordic countries would not decrease

in a warmer future kmate, but remain the same or even increase, making it an important trait to
consider.

Climatic conditions
TSUM Frost events

"4
[Growth rhythm

Frost damage
Bud burst — Probability (%)

N e

[Areal production (index)]

V4

Loss/gain in production

CAIMDBOKSYF GAO 2PSNBASG 2F (GKS RA
AYyOf dzRS INRSGUK NKeuKY Ay | LISNA

With the current knowledge and data available it was not possible to explicitly link the pheroisgy
risk models into a performance index (4a, 4b in Fig@®e lhstead, the predicted area production and
frost damage risk models willbe sepai S 6 dzi O2Yo0 Ay SR Ay GKS tfl yiSND
2F F 22Ayi0 tflyGSNDRa IdzARS F2NI b2NBF & &LINVzOS 020
States) has been developed in B4EST. This test version consists of a predictiomeatarervolume
production (performance index), just as for the Scots pine version. Frost risk is not yet explicitly
included in the platform but separate frost risk maps are developed for a span of FRM with different
phenology./ 2 YLJ SY Sy G Ay Fuidé k08, these mgpa BilNSariie as a platform to engage
stakeholders in their perception of risk and associated trafis.

An additional feature in the characterization of improved FRM is to assign a bud burst classification so

that they can get indidual frost risk predictions. This is further complicated by the effects of the
YFEGSNYFE NBLINERAzOU ASEAS SOV @k NBPWY Sy SILIAESYBHSN STFS
adaptive performance of FRM independently of genetic selection (summarizégivsenet al. 2009).

¢CKA&a YSlIya dKFEd aSSR 2NOKFNR ONRLI @S| NASaviNtE t K @
ANDSTEFFENRERO19). We propose a discrete categorization in bud burst classes for each seed orchard

and maturation year. Howeverthe classes must/should not be too many as the number of
combinations of seed orchard and maturation year quickly increases and swamp a recommendation

list.

C2NJ GKS OdaNNByYyid {6SRAAK 2LISNI A2y DptineRPtdabis & & LINX
available (see the Scots pine section for a description). It will be used to assess the effect of mixed
stands where Norway spruce is planted with higher planting distances and natural regeneration of

birch is allowed to occupy the remaig parts of the planting site.
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4.3 Douglas fir

Context

Douglasfir (Pseudotsuga menziegMirb.), Franco), is the second most cultivated aative conifer

tree species in Europe (0.8 million hectares) after Sitka spruce (1.2 million hectares). Thezdirst s
introduced in Europe in 1827 by the Scottish botanist David Douglas were likely collected along the
Columbia Rivelin southern Washington States (Fort Vancouver). Initially planted in Europe as
ornamental, Douglas fir started to be used as a foresici@s by the end of the ¥9century. Its
position, compared to other forest species, remained modest until the middle of the twentieth
century. Douglagir became a major reforestation species in Western Europe after the Second World
War. In Europe, Douags fir covers now the largest area outside its natural range (close to 850 000 ha),
80% of which being to found in three countries: France (half of the European area), Germany and
United Kingdom. In Europe, Douglas fir is one of the fastest growing irgesws on a wide range of

soils, but performs best at mielevation (up to 1000 m) on deep, moist, wethined soils, with an
annual rainfall over 800 mm. It does not thrive on alkaline soils. Douglas fir wood is suitable for many
uses. Its excellent nohanical properties make it very suitable for wooden structures. It is increasingly
used outside for wood covering (heartwood only) and in joinery. Douglas fir wood is also used for
veneer, fiber or particle panels and by the wood pulp industry.

Choice ad deployment of natural and artificial populations in Europe
9 Historic and present situation

The first Douglas fir plantations were quite successful and resulted in excellently growing and healthy
stands in most European countries. However, at the begmuif the twentieth century, problems
resulting from further imports from the interior part of the natural distribution area, led to realize that

in the vast Douglas fir natural range, various races presented local adaptations through natural
selection. Tks observation stimulated the establishment during the first half of the 20th century of
several series of provenance tests, often coordinated at the European level. Four collections of
provenances were assembled on the initiative of Germany (1910, 19354&) and the Netherlands
(1923). All these trials compared provenances from commercial seed lots, sometimes of imprecise
origin.

LY MdpcpI AY GKS FNIYSg2N] 27F | *decid&dSostatiNBWENS Y Sy i
fir seed collection overne whole natural range with accurate control of the origin, with the aim of
identifying and preserving the best genetic resources for future breeding. Altogether, 182 seed lots

were collected and distributed to 59 institutions over 36 countries in the avéil5 countries in

Europe). Many European institutes also took the opportunity to fiekt their own artificial

populations (land races) along the IUFRO seed lots. Around thi9l(sbf SR0U aL! Cwh 52
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O2f t SOGA2Yy ¢ Obperatdn Bgshi tBiNy dtilli aktRe/dvdn if @any field tests have
disappeared todayKleinschmit andBastien 1993).

Most Douglas fir seed importation rules in Europe have been based on the results of the IUFRO
provenance tests, combined with the results of the earlier provenance experiments. Several countries
promoted also their local land races, which often demonstiaiie provenance tests, performances
equal or even better than native populations. Most of thiestern European countriedefined a list

of seed zones in Washington and Oregon, combined with an upper altitudinal limit within which
Douglas fir seed should msllected for commercial use. Douglfssseed sources recommended for
reforestation in Europe, are originating from the part of the range between 40° and 50° latitude, west
of the Cascade Range and below 600 m elevation. According to plantation siteapmendations are
based on a compromise between growth and survivaCéntral and Eastern Europmlerance to fall

and winter frosts should be considered. Therefore, in this area, provenances from the middle elevation
zone of the Cascades range in Waghon and from northern Oregon seem to be best suited. In
Oceanic Europevhere frost is less likely, coastal provenances from Washington and Vancouver Island
are recommended in priority for their nice branching architecture and superior growthortinerm

and high elevation areas of the Mediterranean Euragmilar provenances as the ones recommended
above could be used, together with provenances originating from Northern Oregon (Cascades and
coastal). Irsouthern or low elevation areaprovenances fronsoastal southern Oregon and northern
California (coastal and northern Sierra Nevada) could be recommended for their better survival in
comparatively harsher and drier sites. fgh elevation (above 1000rth)e few planted tests indicate

that seed sourceBom a higher elevation in the natural range (above 600 m) and from higher latitude
(British Columbia) may have an advantage in growth and survival. Thus, the altitude and latitude of
FRM origin should be considered when reforestation is planned and @amiein mountainous sites

of Europe.

After the installation of the IUFRO provenance trials in the 1970s, further seed collections were
implemented by German, French and UK institutions to intensify provenance sampling in the best
areas revealed by the IB® provenance trials. This seed has been used to establisituegene
conservation plantations in Europe (Belgium, Germany and France), which today cover around 1,000
hectares. In 1985, six European countries (Belgium, Germany, the UK, France, |t8lyaiahgoined

their efforts to collect and evaluate 1,000 open pollinated progenies from the seed sources that were
known from previous tests to be the most appropriate in Europe. The progeny test network covers
nearly 300 hectares over the six countriasd is currently providing base material for letegm
breeding in Western Europe (see further).

9 Possible evolution of FRM recommendation in the context of climate change

In order to understand how these populations would respond to changes in climamegtgaac
Renton et al (2014) and Boiffin et al (2017) conducted a raatdysis based on the loxigrm growth

of 2800 Douglagir provenances established at 120 European test sites. These studies revealed that
in Europe, Douglar growth is optimal irareas where the average annual temperature is 2°C of their
place of origin. This result suggests that the current recommendations for Douglas for FRM deployment
remain valid for a few decades. However, in the long term (beyond 2050), bioclimatic modpdstsug
replacing currently used seed sources with forest reproductive material from more southerly forests.
Indeed, by analysing two tests of Dougfaisprovenances subjected to the French Mediterranean



climate, Sergent (2011) and Lupi (2016) highlightedgbod compromise "growtsurvival tradeoff
offered by northern California provenances northern California, suggesting that this material could
represent an alternative to currerforest reproductive materials (FRMBr the second half of the
second halbf the 21st century.

Douglas fir breeding in EuropeOverview

Douglasfir tree improvement began in Europe once information on the variability among natural seed
sources was known. To reduce their dependency on imports and to secure their seed reqisiemen
many European institutions started creating seed orchards, consisting of large widely spaced trees that
are intensively managed to produce (for decades) large amounts ofjuiglity seed. In the European
Union, the great majority of the Doughis seed orchards were planted with grafted copies of superior
trees. Various methods were used to select these trees:

w tKSy208LIAO0 aStSOlGA2y Ay t20rtte aStSOGSR ad
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then field evaluated in clonal tests.
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Selection criteria wergenerally similar across countries, with growth and general tree architecture
being the most important traits. According to climatic specificities, some breeding strategies paid
special attention to traits related to adaptation, such as bud flushing, draessation, drought or

frost tolerance. Wood quality has never been used as a priority trait for improvement, but has
sometimes been introduced in the selection index to ensure a minimum genetic gain (or at least no
loss) for this trait, which is stronghegatively correlated with growth.

¢ 2 Rl & Q a-fir SeeddgibEuted@ent in Europe relies both on seed imports from the natural range,
and on seed harvest in European seed stands and seed orchards. In Europe, around 606fibouglas
seed stands are registd in the selectedcategory (e.g., they meet requirements of age, area,
uniformity, adaptation, form and growth habit). They cover about 4,800 hectares. Germany certified
in the tested category 19 seed stands (total area: 44.6 ha), based on their perizgrimeprovenance

trials. Dougladir seed orchards are registered in tiopgalified and tested categories, meaning that

their components (generally clones) have been selected or tested on their outstanding performances.
The recently published common listfofrest base materials shows that 67 Dougdiiaseed orchards

are registered in the European Union, covering a total area of 390 hectares. The detailed figures by
country are shown here below.
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The average individual area of these seed orchards is 5.6 hectares (min 0.1 ha, max 34 ha). It should
be noted that three quarters of the total Dougtfis seed orchards area is planted in only four
countries: France, Germany, Poland ainel Netherlands

Howering stimulation is often implemented to promote, enhance and equalise seed crop (Philippe et
al., 2006). Among many other techniques, stem girdling and injection of gibberellin (plant growth
regulators) are most commonly used to stimulate Doudjiaflowering. It has also been demonstrated
that this practise improves pollen flow within the seed orchard, and hence has a beneficial effect on
the genetic diversity of the harvested seeds.

In a joint collaboration, 10 EU seed orchards were tested in weskrrope. Several of them
outperformed the seed lots from the natural range in terms of growth and lateness orchards. The cost
associated with a lonterm breeding strategy is a barrier for most EU countries where this species is
still of minor economic imortance. Only a few countries are maintaining a breeding activity beyond
the first generation.

Belgium and France have started a selection of elite trees within the 1,000 progenies collected in the
natural range in 1985 (see upper) to create a new waveeefl orchards that will gradually replace
older seed orchards. Although traits of interest will include flushing, growth and stem form, selection
will focus on improving wood density and wood stiffness. For southern France, Californian genotypes
will be hcluded in the breeding population.

In Germany, the shoiterm breeding activity concentrates on the evaluation of both German artificial
stands and European and US seed orchards, in order to offer testedseeecks to the seed and
seedling chain as quickly as possible. For loteyen breeding, the program is based on the evaluation,
using progeny value, of several hundred elite trees selected in the best German artificial stands and
their valuing as genitorns clonal seed orchards.
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Case study: Douglafir breeding and forest reproductive material deployment in France.
91 Douglas fir forest reproductive materials in France

After the Second World War, the French needs for Dotigiageds have considerabilycreased. Until

1999, the surface area reforested each year in Doufgflagached 10 000 ha, which, given the
techniques of raising seedlings in nursery, required the use of nearly 1000 kg of seeds per year. After
2000, the decrease in the rate of refetation has gradually reduced these seed requirements to about

500 kg per year. Since 2015, sales of seedlings have been on the rise again and are currently around
11 million seedlings (including 800,000 for export), corresponding to a seed requirement of
approximately 700 kg per year (of which 100 kg for export).

Until the mid1990s, the vast majority of Dougtfis seedlings used in French reforestation were
derived from two sources. First, from the importation from the natural range of seeds harvested in
limited number of regions in the states of Washington and Oregon in the United Staesce
identifiedcategory). As seen above, the choice of these regions of origin was based on the performance
of a large number of seed sources from the natural ameluated in French and European networks

of French and European provenances (Breidenstein et al 1990). Secondly, selected stands in France
(selectedcategory). These delimited populations of trees are chosen essentially on the basis of
phenotypic charaeristics (vigour, form, health status) and are subject to a low risk of genetic pollution

by other nonselected stands.

Subsequently, improved varieties produced in seed orchards arrived on the market. In order to
improve the productivity and the qualitgf the French forests, the French government started a
program to create seed orchards in the 1960s, with the objective of making Fransaiffieient in

seeds for the main reforestation species (especially softwoods). It is within the framework of this
program that between 1978 and 1990, 103 ha of Doufjtaseed orchards were established with
public funds in the southwest of France. The intensive management of these orchards includes the
application of treatments to stimulate flowering (Philippe eRaD6).

Since 2010, 99% of French Douglaseed needs are covered by harvests in orchards, while 1% of the
Douglasfir seeds marketed in France come from harvests in selected French stands. In this context, a
directive from the Ministry of Agriculture a@nForestry prohibits the importation of seeds from the
natural area of Douglafir for forestry purposes. The eight seed orchards, on which the French supply
of Dougladir seeds is based on about 1200 clones, selected within provenances or progenias havin
proven superior in terms of adaptation, vigour and branches architecture; see table below:
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Two orchards were included in thestedcategoryDarrington for late bud break and shape, La Luzette

for juvenile growth and late bud break. The other orchards remain irgtraified category pending
validation of their performance, as will be seen below. The clones of the three "France" orchards come
from the same genetic background (240 maternal progenies harvested in 24 French selected stands),
but they were selected in three different environments. Their initial vocation as "regionalized"
orchardsis now been abandoned and all three are recommendatiie whole national territory.

While the first seven orchards are intended for "classic" Dodijlasforestation areas up to 1000 m
altitude, the California orchard, composed of clones selected from southern Ddirglasvenances,
is intended primalty for use in the Mediterranean region.

In some orchards, thanks to good fruiting years, it has been possible to collect seeds individualized by
clones. In the end, the HS progenies of 658 clones from the Darrington, La Luzette, France 2,
Washington 2 andCalifornia orchards were tested at two or even three sites in France. These five
orchards were then genetically thinned in the basis of information collected on their progeny
performances (late budding, growth and growth and architecture).

91 Douglas fir sed orchard evaluation in France

in the early 2000s, foresters concerned about the decline observed following drought episodes,
guestioned the relevance of choosing Douglas fir for the reforestation of certain locations in which the
species could no longée climatically compatible in the medium term.

In order to shed light on these issues, an irdgency research and development group has been
formed to set up a vast network of evaluation tests commercial lots from the state's Defirgdasd
orchards. Douglasdfir seed orchards in the state. The agencies involved are the French National
Institute of Research in Science and Technology for the Environment and AgriciRsiT&fand the
National Institute for Agronomic Research (INRAdw grouped togethr in the National Research
Institute for Agriculture, Food and the Environment (INRAE), the National Forestry Office (ONF) and
the National Centre of the Private Forestry (CNPF). This project, financed by the Ministry of Agriculture,
has three objectivessirst, toevaluatethe performance and plasticity of eight Dougfasseed orchard
varieties in a wide range of environments in order to provide advice to foresters. Seconddmib

the six new orchards into the "tested" category by comparing the performance of these varieties with
a control (a commercial lot of the US Washington seed zone 403). And finatigmimunicateon
Douglasfir varieties by largescale plots, more demonstiige than the tests intended for performance
evaluation.

This network was built in several planting phases from 2009 to 2016. In total, 43 tests were installed
(28 "evaluations™" and 15 "demonstration™), for a total area of about 39 ha (Fighrdrieachest, a

Pag4eflls8
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genetic unit (orchard or control provenance) is represented by 60 to 200 plants. The tests in this
network are located in four climatic zones:

- Core use areaf Dougladir. (16 tests): the pedoclimatic conditions should remain optimal for a
period equivalent to at least one rotation (5@ years). The altitude of the test sites is between 120
and 940 m. Six of these tests were planted on limestone substrate in order to provide answers to
foresters on the still poorly understood interest of impeavarieties for these soil conditions.

- Margin 1(15 tests): climatic conditions which are currently suitable for "classical" DefigleRM
might not be suitable any more in a time frame shorter than the duration of a rotation. The tests are
installedon soil favourable to Douglds cultivation at an altitude between 140 and 890 m.

- Margin 2 (6 tests): the soil and climatic conditions are not (or no longer) optimal for "classical"
Douglasfir FRM. Tests were deliberately planted in these extremeirenments to evaluate the
resilience of FRM from certain orchards, notably California, in anticipation of climate change.

- Altitude (6 tests): in contrast to the margins described above, the altitude sites (1000 to 1300 m)
correspond to climatic environnmgs that are currently not very favourable to Dougfascultivation,
but which could become so with the "favour" of global warming.
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The following is summary of the measurements available five years after planting for 24 evaluation
trials (Rousselle et al. 2018)hese include bud break dates, survival rate, growth rate and branching
density.

Flushing a difference of about 15 to 20 days (dependinglmnsite and the year) separates the mean
budbreak dates of the two extreme varieties: California, the earliest, and Washington 2, the latest
(Figure15). Except for California, France 2 and France 1, all orchards are at least as late as the
Washington SezZone 403.
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Survival five years after planting, the stival rate in the evaluation network averaged 88%. It ranged
from 94% in tests located in the Cewse area and 80% in Margin 2. Over the whole network, the
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differences observed between the varieties for survival (82% to 91%) are not significant.

Height gowth: California shows lower average annual growth (30 cm/year) than the Seed Zone 403
control (37 cml/year), which itself lagged behind the other seven orchards (between 40 and 43

cm/year), which do not do not differ from each other. The growth of then€eal, 2 and 3 orchards
are therefore equivalent to that of Washington 2 and La Luzette, which are considered as references
in terms of juvenile vigour (Figude, a).
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The trials planted in the Congse area and Margin 1 show a higher average annual growth (about 44

cm/year) than those located iMargin 2 anda fortiori at higher elevation (31 cm/year). Furthermore,
although the variety x climatic zone interaction is not significant, it is interesting to note a change in

ranking according to type of environment. Indeed, the growth differentiaieein California and the
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other provenances decreases sharply when moving from a cold and humid environment (altitude,
Coreuse area) to a hot and dry environment (climatic margins). In particular, in Margin 2, California
no longer differs significantly fromte control, nor from some orchards (Figut®, b).

Branching gqualitybranching traits were also observed in ten trials that reached 8 years of age. They
do not show systematically significant differences between varieties. Nevertheless, California and,

a lesser extent, France 2 show the sharpest branch insertion angles, while the flattest angles are found
in the varieties France 1, Washington, La Luzette and Seed Zone 403. However, the ranking of the
varieties must be considered with some hindsighd,the difference in angle between the extreme
varieties is around six degrees; its economic impact would need to be quanfifiede preliminary
results also show that branching density is strongly related to growth, with all varieties being at about
the same level when the number of branches is corrected for the vigour effect. This trait can be
improved by adapted silvicultural management, such as planting densities for example. However, the
results of progeny tests showing that the number of branchessis under genetic control, this trait is

now considered in the selection of future varieties.

In conclusion, except for California which has atypical behaviour, the French Dfiuggaesl orchards

are very well positioned compared to the American conteled Zone 403. They are superior for
juvenile growth, while maintaining a bud break at least as late, and with no noticeable loss in branching
guality. California clearly has lower height increments. However, this handicap is lower in the warmest
and driest sites. This orchard can therefore be interesting for diversification in this specific context.
The seed orchard evaluation network covers a wide range of pedoclimatic contexts.
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9 Economic value of genetic gain on additional volume produced by stands createBERvbm
derived from French Dougléis seed orchards.
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91 Douglas fir varieties for the future in France

Considering the advanced age of some Doufjtagrchards and the delay (20 years) between the
decision to instalan orchard and its entry into commercial production, the Ministry of Agriculture and
Forestry wished to initiate a reflection on the renewal process of these orchards. With this objective
in mind, a consortium involving INRAE, the Forest Cellulose Woosdtr@cion and Furniture
Technology Institute (FCBA) and ONF was created at the end of 2014 around a project called-"Douglas
Avenir".

The first task was to define, in conjunction with the foragtod chain a certain number of hypotheses
on which to base thesizing and management of future orchards. The main conclusions are the
following:

- Theseed needsre currently about 700 kg/year, the future needs are estimat@@o kg/year
This estimation considers 1) the average age of the Douglas fir massif, Rjcthase in
plantation densities, 3) the substitution of forest species (e.g. Norway spruce) in favour of
Douglas fir and 4) the needs expressed outside France.

- The information provided by the current orchards, confirmed by foreign references, converge

towards anaverage productiorof 9 kg of seeds per ha and yearovided of course the
application of flowering inductive treatments (in practice feasible from the age-dblyears).

- Alifespanof 35 yearsfor a Dougladir seed orchard was considered the best compromise
between the duration of seed production, the installation costs, and the time required to
select a new generation of genitors.

In order to create varieties that best meet the expectatiofishe industry, FCBA and France Douglas
conducted a survey with a sample of about one hundred representative players in the industry,
including seed and plant producers, public and private managers, forest advisors and experts, and
timber processors. Thisurvey reveals that all the factors to be considered in varietal creation are
important. These include: productivity, form, wood properties and risk tolerance. Compromises to
improve form and wood quality (density, proportion of heartwood) at the cosédiicing genetic gain

in vigour are nevertheless acceptable. For multipurpose varieties, particular attention should be paid
to their tolerance to biotic risks and climatic hazards. Specialized varieties are also expected to provide
an improvement in archécture in the Coraise area, and in tolerance to water deficit in the more
marginal areas.

Contrary to the firsigeneration orchards, installed over only ten years, it was decided, for the second
generation of orchards, to spread the effort of varietalatien in a homogeneous way over the life of

an orchard (35 years). This option has two major advantages: 1) create, at regular dates, varieties
incorporating an additional genetic gain for a set of traits previously defined as relevant or for new
traits deemed important by the forestrwood industry, 2) continuously adapt the varietal releases to
climate change and to the resulting environmental changes in the forest areas of use. At cruising speed,
this orchard structure will cover an area of 135 ha, idicig 100 ha in the seed production phase.

To create this second generation of orchards, the Doudjleenir project's coordination unit has
selected a total of 403 clones:
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- 278 clones selected from 1000 maternal progenies harvested in the USA in 1985taddnes
three to five sites in France (see above): 219 clones are from Washington and 59 clones from
southern Oregon.

- 62 clones selected in four Mediterranean tests (including Corsica), from 53 Californian
provenances that have proven superior for survasd growth.

- 63 "elite” clones selected among 658 progenitor clones from the-diesteration orchards,
tested on progeny in two or three sites in France (see above).

These genotypes were selected on survival, vegetative bud flush phenology, stem/crovtacauch

(angle, number and size of branches, absence of forks), girth growth and wood density. This last
character is considered not only to control the unfavourable genetic correlation between vigour and
wood density, but also as an indicatuftbetter resistance to cavitation in case of summer water deficit
(Martinez et al 2008).

Harvested between 2017 and 2019, these clones were propagated by grafting with a triple objective
1) conservationin two sites for recombination as part of the improvement pragr that will be
conducted jointly by the three organizations of the Dougha®nir project. 2Evaluationin clonal tests

in three sites in France, distributed along a nesthuth gradient and 3)alorisationin the form of seed
orchards. In 2023 three dnards of 10 ha each will have been be planted, with respectively the clones
of Washington origin, the clones of Southern Oregon and California and the "elite" clones of the first
generation orchards. These orchards are expected to go into production iB. ZDRey will
progressively take over from the firgeneration orchards whose production capacity could be in
decline.

Conclusion

In the context of climate change, Dougfaswill likely play an increasing role in European forestry. It

is currently oftenplanted in areas where Norway spruce suffers severe diebacks. Moreover, new
plantation fields have been established in northern Europe, where milder winter temperature enables
DouglasF A NRA& & dzNDA G f & ¢ KS NBrseeddibincrédsd EurbfeYntheRextt 2 NJ 5 2
decades and may exceed 2,000 kg per year (around 1,200 kg presently). For its supply, Europe keeps
extensively importing seeds from seed zones of the natural area that provenance tests reveal as
optimal.

Climate change models shoWwat these imports, currently focused on Washington State, will have to
gradually move to Oregon for the needs of oceanic and central European countries, and even to
northern California for southern European countries. With nearly 400 hectares of seedrdscha
Europe is nevertheless able to produce almost twice its expected needs in Dbugkeds and even

to ensure the supply of FRM for the reforestation of new regions that could open up for this species in
northern Europe and at higher elevation sites.

This context would certainly justify a Europeaide coordinated Douglafir breeding programme,
based on 1) cross evaluation of existing varieties to stimulate their use in Europe and 2) the
development of DouglaBr harmonised breeding work in a limdenumber of biogeographical zones

to prepare improved varieties better adapted to future challenges of the European forest.
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4.4 Maritime pine

Context

Maritime pine Pinus pinastéris a fasgrowing Mediterranean pine, naturally distributed in southern
Europe(France, Spain, Portugal, Italy) and northern Africa (Morocco, Tunisia). The ability of this forest
tree to grow in a wide range of environments and to tolerate summer droughts and poor sandy soils,
where few other species are of silvicultural interesisHed to its use as a plantation species of high
socioeconomic importance in many countries. This species naturally has a curved truck at the bottom,
produces resin and its wood can be used for pulp but also panels, pallet, decoration structural beams,

In NouvelleAquitaine region (soutis S& G SN} CNI yOS0>X G4KS a[lFyRS& RS
of 800.000 ha of local maritime pine, is one of the largest planted forests in Europe, and is firstly
dedicated to wood production. The French breedinggram is thusdedicatedat improving wood
guantity and quality for this area. In Portugal and Spain, other breeding programs were started with
the same objectives and based on local provenances (e.g. Portugal, Galicia), but natural regeneration
preferenceand limited deployment of improved FRM led to a sldewn of these programs. However,

new breeding goals such as resistance to pine wilt disease (Portugal, Galicia) and resin production
(Spain) may bring a new interest to improved FRM in those areas.

Bredding strategy

In southwestern France, earMaritime pine provenance trials (1926, 1952) showed the better growth
and frost resistance of the local Landestural population, as well as the superior stem straightness

of Corsican populations. The French breeding program started in 1960 with the phenotypic selection
of 350 plus trees within the local Landes provenance, followed by a classical recurrenioeelect
scheme (Figure8), similar to that already presented for Scots pine.

At each generation of the breeding population (generation z&@ being the plus trees population),
controlled crosses create families that are tested in progeny trials. Aftaluation of progeny trials,

the best progenies are selected to constitute the next generation of the breeding population (forward
selection), and the best parents are selected to be included in seed orchards (backward selection).
After two cycles (genetin G1 then G2 completed), this strategy was adapted for a faster renewal of
seed orchards: candidate trees selected based on their individual value (forward selection) are now
also included in seed orchards.
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Crossings Deployment
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of the best of the best
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As improved FRM are almost only used in the same area (Landes de Gascogne Forest), with rather
homogeneous environmental conditions and no strong GXE effects, only one breeding zone is
considered in this bregdg program and a unique breeding population is managed.

However, for a better genetic gain on stem straightness, intraspecific hybrids Landes x Corsica
improved FRM were also produced: at first by control pollination between selected Landes and Corsica
sdected trees (because of a flowering phenology gap between the two parental populations), then

A ¥ 4 A x

G2RIFe& o0& ONBIFiGAYy3a aSSR 2NOKIFINR gAGK &St SOGSR [y
Breeding objectives

The aim of maritime pine selection is to improve wood pratibn (quality and yield) at rotation age,
for a variety of uses. The main breeding objectives are therefore growth, stem straightness and global
guality measured through the following predictive criteria:

- I SAIKG YR OxNGD d2YSHSNES y2ASR | Gy
- {0SYNIDA O €t A G @
- N} YOKAY3T ljdz t Adie

In addition, presence of biotic attacks (such Melampsora pinitorquastem rust or Dioryctria
sylvestrelld is systematically evaluated. Wood quality is evaluated on sub samples in progeny trials
through wood density and spirgrain.

Adaptation to environmental conditions was the first aim of the breeding program, with the
O2YLI NRazy 2F yIFGdzNFt LRLWZAFGA2YyaQ LISNF2NXIyOS
adaptation to the consequences of global change is the fdiisrity for the local forestwood sector.

Thus, resistance to drought, to invasive pests and diseases (pine wood nematode), and methodologies
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to solve seed scarcity problems (due to insect attacks and probably to changing climate conditions) are
emphaszed in the present program.

In Galicia and Spain, a special emphasis is given now to pine wood nematode resistance or resin
production.

Seed orchards

The first Landes seed orchards called VF1 (Vigor and Figeniés) started to produce improved FRM

in 1975. After other rounds of selection, the VF2 seed orchards production started around 1995 and
the VF3 seed orchards production around 2010. The VF4 seed orchards are now being established and
are expected to eter in production in 2025. Thus, new series of seed orchards were realized every 15
to 20 years.

VF1 series were established with untested plus trees or progenies ofrpkss (5t generation seed
orchards). VF2 corresponds to a 1.5 generation (testesitpbes), VF3 corresponds to a 2.5 generation
(tested firstgeneration trees), and VF4 to & §eneration (untested secongeneration trees).

Realized genetic gains for VF1 were evaluated in realized gain trials at 15% for volume and stem
straightness compared to unimproved material. Expected genetic gains for volume based on young
progeny trials are estimated at 30% for VF2, and 40% for VF3 seed orchards compared to unimproved
material, not taking into account pollen contamination probability.

Differernt series of Landes x Corsica improved FRM were also released: LC1 (1990 to 2000) and LC2
(around 201€2015) were produced by controlled crosses. The first seed orchards with LxC hybrid
material (HLC1 seed orchards) are now being established. On top whpineved Landes FRM good
growth, LxC F1 or F2 hybrids present a remarkable stem form thanks to the Corsican origin.

In portugal the plus trees have been identified only in 1960, and first genetic improvement plan was
published only in 1987Mheclonal orhardisinstalled at MataNacional deEscaoupim with resources
coming from Lieria region. Base on prove trials established and progeny test the gain is estimated at
21% in volume and 17% of trunk shape. Now private companies are investing to comparalmater
from breeding programs in many countries

In Galicia, only few families combining wood quality, growth and resistance to pine wood nematode
are identified and distributed regionally. But resource is limited and question the genetic diversity of
the stard if thesefamilies are massively spread.

Deployment recommendations

Today, deployment recommendations published by the French Ministry of Agriculture for each forest
tree species are based on knowledge of the species ecology, the definition césglwegions (based
on bioclimatic and ecological criteria) and expected effects of climate change.

So far, as all improved FRM were selected for the same breeding zone, and different series of seed
orchards followed each other in time, usually only one typé@mgiroved FRM is available at a time.
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Thus, deployment recommendations for maritime pine in southwestern France is rather
straightforward.

Only LxC improved FRM could provide a different choice. But this material was produced by controlled
crosses with a lgh cost and in small quantities. For this reason and because of its high genetic quality
(no pollen contamination, better stem fm), it was recommended for the more fertile sites only, to
better exploit its high potential.

However, a better evaluation ofenetic gain for each new seed orchard, integrating pollen
contamination, site effect, and eventually climate effect, is expected by the farest sector.
Moreover, the extension of maritime pine improved FRM use towards northern areas is expected with
climate change, which means a necessary adaptation of deployment recommendations. Data from
realized genetic gain trials and reference family trials (with good breeding values estimations) are now
being analyzed to build a genetic gain model. Combiningrifosmation with different B4est results

YR F2ft26Ay3 G(GKS SEFYLXS 2F (GKS tfl yiSNNRa Ddzi RS

in the future.
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4.5 Poplar
Context
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Breeding strategies and objectives

t 2L FNJ oNBSRAY3I LINRPINIYEA FINB Ay LINRPAINB&aad Ay RAT
.St 3AdzYz DSNXIyes /1 SOK wSLlzotAOE {SNBAIFIS { 6SRS)
O2YLI yASazr gAGK (GKS FTAY (2 RS@St2L) AYLINRPOSR Cwa
F2N) O NA2dza AYRddzZAGNALFE YR k 2NJ SySNHeé& dzaSao

|l @0NAR @AI2dzNJ KIFa 06SSy 2yS 2F (GKS YIFAYy OKIFNF OGSN
OKEAMK LINRPRdAzOGAGAGE A& 3IASYySNrffe NBtFGSR G2 | f;
ALISOASE 6,dz SG tft®dX wnnmMOd a2NB2FSNI KEOGNRAR Of 2y S
N} y3dS 2F Sy@ANRYyYSyia (KIORYDOGZy SdHT T LENFT ATISOG
LN OS&aa 2F o0dzR aSi akK2ga OfAylft GFENRFGAZ2Y fAY]S
dzy RSNH2 R2NXI yOé AYyRdzOGA2Y dzy RSNJ (1 KS IwdpElodASi OS 2
S I f e dMWMRH PFANNVSR FTNRY (KSY KIF@S y2a lFfglrea LI
0S80l dzaS GKSANI FyydzZf 3INRgGK Oedt S 02y Of dzZRSa (22
dldzyiSR 3aANRgGK A& | FFSOGSR o0& | OXKYLUKKSE AYTONBY &
LIK2G2LISNA2R YAIKG RSfle (GKS INRgGK AF (GKS Oftz2yS
2NAIAY O[FRTAYlL SG Ff®d wnmcT [A SG FtdZX wannuT LY
y2i OO0t AYIFHINASR D2 yRAGARRY VST GKS INRgAYyI aAGS C
FNRAG 2N f2¢ GSYLISNI Gdz2NB o6{e&1Sa Si Ff o mppcod C
RST2NX¥YSR aidSY aGNIA3IKIySaazr aldiS¥29Nr Opnacrovt2&a 0KF
STFFSOU 2y 622R LINRPRdAz2OGA2Yy ®

azaid 2F GKS OKIFNIYOGSNE 2F SO2y2YAO YR LINRPRAzZOGAD
NEaAaddlryOS FyRk2NJ 2t SNryOS (2 o0A2G4A0 FyR 0oA207
O2yiNRffSR o0& 3ASySa FyR a2 OFly 6S AYLNRGSR o6& oON
NEOSyidfe FFR2LIWGSR gAGK AyONBlIaAy3a AyiSNBad Ay ySs
NEaAfASyOS (2 OtAYIGS OMIBAAR G4 NVIDE NB2IIRNER diBK (G 2 fy
LIN2 RdzOGA2Y 2F O0A2YFaa 2NJ LJz LJ 6KS NRB2GAY3 FYyR |6
FRRAGAZY (2 aGdSY F2N¥ YR ¢22R LINRPLISNIASaA 06622R
2WSH FILad INRgGK 2F KEBoNAR Of2ySa Aa 3ISySNrftte I3
MPPHT | SNY I yRST SiG It dX mphyo d

I d2aGSYFGAO FyR oFfl yOSRi $SWE S R $FRINAYK AN (0K A B
AYGiS3aINI SR A&l B aAaBGINRBDKE ASYKHNS/ W2 NJ C2NBaAGNR | yR

I dzyéKél“?tcuzp(as;m&ﬁ)ﬁfyﬁmazxﬁzsxeemmayxamfos Ay GKS
dza S¥dzA GNIAdGa 2F 020K aLISOASa I NENBERAIXFSROGRASG
Ffa2 FAYSR |4 GKS AYLINR@GSYSyd |yR aStSoOitadery 27
RSt iZHPRFAYMRMII D2 2001 Ay Oft2ySa Y2NB NBalLkyaigsS i

Pagkedll18



B4ESDel i vee dDa B |

4 NBIFI NBRENFKSEINRYIIHEBEOANBDONNEY 8 SESOGA 2y LINE IN.
LJ2 Lddzt | @ #2 REE FBRD RBEFENIA ST dzl) 6AGK GKS F20dza 2F Yl 2
GENRAFGAZ2Y F2N) Fdzi dNBIZASHE SNY OR &zFER AVt GKKESORFEA D2
G§SaidSR FT2NJ ASySNIf O2YOorahMIYHET A@ ARISYR g0 OMER BHA & yAa
ONBI (S nedadzAadidh 2ya 2F 020K 03 IREGEFR RSER WNIRE SO { dzt
NEaLISOlABSted 'mBISORYRQOONDR ARRYIAAYH NI Ydz GALX S ¢
A0KSYSYI GKSNB SIOK LRLMzZ FIiA2yioAéaf adaza BESNRER 2 N
L2 Lddzt F GA2ya 27F GIKNEE Qd-SNSYI ISR 0688LISFOABNB FGIKS NI FNB|j dzSy
Odzft GADIF NI LISNF2NXYIFyOS YR NBSNKIPWNOSRAFILISAG TR PR
SO2y2YAO 32+ fa o6& ONRPaaAyd LINByGa sAGKNARZZ& LIN
FTNRY G6KAOK (2 asStsSOl GKS o6Said O2YYSNODAIFE @FNRSGA

O o

¢tKS Y2aild LINRPYAaAYy3d 3ISYSGAO YI GSNAMB QA IZNHIO ATy Ra S f
LINE INF Y 6 A BHISYOAFRET aONESINGRATRSHO @S 3w FaAMEA (SR Ay
YdZNESNASE yR Ay LX I yGliGdAz2ya Sadlot AaKSR Ay LG
LISEZE AYFGAO O2yRAGAZ2Yad U! f SNIY2UX US5AQGFUS Yaz2f S
KeoNAR @GIBRSE yRSIISaGSR F2N LINPRAZOBN2Y I 8T gRY &N
KIS 0SSy NBtSIFaSR (G2 0SS dzaSR Ay aK2NI NRGFOGAz2Y

LYy CN}yOS (KS OK2A0S YIRS 2@3SNIAKK S YILINR (D SorsS yai S loNE
2F GFNASGASa GKFG FNB fSaa adzalOSLWiAotS G2 RAAaSHa
Ay 2NRSNJ G2 fAYAG G4KS Nmxail 2F RFEYF3IS IyR G4KS yS
LJdzZNB At ORBAEEAD t 0 G ANIOK Y OB NEILISOA ® A B O IKFINRARFHKESY 2 1
ONE & atAdy R S HitRdA REGEA NIIdENBROM B0 A Y § SNR YS KK St WNIRSE NP A RS-

' ytRO GNAOK2DONLEY || alGAaFeay3d (2t SN yOS G2 tSI¥F
Material to
nurseries
New breeding
; i population )
P. deltoides x P. nigra
e Selection
Intra-specific
of parents

Inter-
specific
crossings

4@k Crossings
Progeny test

P. xcanadensis

CAddzMB! vy SEI YLIX S LaSFO At AL | KNS OANYSEIFRE BB N v I A Y ZEINJI (L2 vik 1y

Ly &S@OSNIf 9dzNBLISIY O2dzyiNASIAYYySHF RLASHYISNIA Of 2 WS
SOlrtdzad GA2Yy F2NJ 622R LINBLISNI& FyR LINRPRdzOGA GBS (NI 7
Y2RSt | yR LIX LIyl RSyaaiaeo Ly &LISOAIFIEATSR 2NJ YAES

Paghke?18



B4ESDel i vee dDa B |

AYGSNBLISOASAOSOHONR a8 F8SNKE D dzatSR B yIAReEARR 850 /A RR4dz)
0 NRX OK® Ot WRJ KE O NA R O EINSY dzOf 2 S RECENBYIEBR2 FR8A O2 2 ¢
b2 NUXKAGSNY 9dzNRLIS 6. St AAdzYT CNI yOSsT tmENNMIdydEA THS
StSOIGA2Y T t 2 Loded dB&S tH 20 KRSEF I H &8 g INENI NBIA2ya 2
FNBF&a 6{LIAYyZT {2d2iKSNYy CNI}yOSs 2S8aiG§SNy | dzy3l NEX
HAMnO® | RSGEFATISRE afas RWR 1RBa Dt @dsetSEA BIgG SR Ot 2y S

Aa Ffaz2 NBLRNISR Ay 5StAOBSNIo6ftS noco

5SL 28YSyid NBO2YYSYRIFIGAZ2Ya

{2Af YR OfAYIGS O2yRAGAZ2Yya 2F (GKS L} I OS

C2NJ LR LI I NJ OdzAf GAGIFGAZ2Y GKS Y2aid I FIGNR GNIKIKG S 22 RA
FGFAflFoAfAGE O0GKS fS@St 2F (MPpnoODWSRBINEDS DKl DP
al yiRRet e NI & I yRReidzNBxX y2iG SEOSaargsSte 2288 2N |
ddzol OAR (2 WXRS NI2iAGtae GIAfG1K- fFA KAIK O2yidSyd 2F | O,
arftAyS az2irafa INB (G2 0S FI@2ARSRY &d2RAdzy OKf2NRARS
FofS (G2 LINRP@G21S LKeG202EAOAGE AYyKN2A G608y (4 DLIH BR
GF1{Ay3 NR2G O6CNR&2y YR ClLOOA200G22 mMdbppHO P

¢tKS Y2ald o6ARSte Odz GAGFGSR LIRLIIN aLISOASa | NB K.
F@SNIF IS FyydzZt NIXYAYFILEE 2F y20 tSaa (§KIN 1.10 ONY
LJ2 LIt 2 NJdzb déa FyyARE N& KA 8 SldzA Jdzadt NBD B 6t S G2 gAd
¢KS FF@SN}Y3AS FyydzZf GSYLISNI GdzNBE Ydzad oS

Ly SAMMWIALFGAZ2Y Ay GKS adzYYSNI Y2y (iKasz gAGKmGSYLISN
{SLWSYOSND 06SiGs6SSy mpddp FYR HHDPpc/ YR Fy I @SN
SEOSLIi Ay IINBlIa 6KSNB RSSLI NRRiil Qff I 8 AYy@AS A GNEBI O
GrotsS o6/LadGAattlr & [Ssyood

LY CN}yOS 2y RSSL) a2Afaszx gAlK2dzi Iy FO0O0OSaarotsS ¢
H YSGSNARA 6322R a2Af YAONRBLERNRaAGEOI A GUaA as | LI2SENE A
NEASNIBS Aa adzZFFAOASYyGd C2NJ GKA&A G2 KIFLWSyYysz GKS
g GSNI ¢KAA G(GeL)sS 2F az2Aft A& OKIFNYXOGSNRAGAO 2F (K
2F GKS 0Sai a2ARy TENNYIOSIS | NI LX Fyal GAz2y

| K2A0S 2F LRLX N Oft2ySa

¢tKS OK2A0S 2F GKAOK LIRLI NI Ot2ySa (2 OdzZ GAGFGS a
YFEGSNALFES GKS &a2Aat yR Ot AYFIGS OKINYOGSNRAGAOA
| £t 2y 0aS Az2asSy FNRY FyY2y3 (Kz2asS AyOfdzRSR Ay GKS
LINEFSNBYOS F2N (K2 f0AK3I & O3 2/R SLINRBRA ARSI FKyAd K2 NJ (2 f
FoA20A0 FTROSNRERAGASA yR INBIVGESNE IOKH WBISAdA . Adiiie (1K
Ffaz2 I @FLAEFO6ES G GKS yridAazylf §S@St gAGK Y2NB L

Page@lls8



B4ESDel i vee dDa B |

- LY tRG Aa ySOSaballiNg? yir2t NISSTASANG (i8S RS ( N A O Tai i
RSA al (i SNWbhfa A@WRAMER STBH € dz GARYGESE YdzNBESNR Sa
ASYySGAO YIFIGSNAIfa RS@St ZRAISR2 ahiyy Il KISK So NESSaRdxE yiih
SELISNAYSyGLE LXIydlGgAazyas | tA&ad 2F a{! Ot 2yS
KAIK (2t SNI yOS i 2f §IKB RArAY F8a Aa O At ofST
Y2aid O2yvyyvyz2yteé dzaSR Ay t2 +lfftSeé | NB NBLRNISR

0 WYX YFRNKRIN 0A2Yl&dasz F2NJ S)[S,N\Hiévl-jlfz LJ- NIi A ¢
0 Yt SNADYCAA @A 2 WAE 2 PORS WEOOW 2N (iNF RAGAZ2Y I LJ
LINE RdzOG A2y a o

- {LIVA VM KSINBGORAEY HE /012308 2FAyOEaER%E (EMAE S a0
0SSy &aeaidSylraadortte G4SadSR Ay GKS LJ2LX NI Odz i
GAGK ye LRLXLFN AyOtdzRSR Ay GKS blidAaz2ylf wS3j

- CNIYOSKS Of 2y Sa GKIRG AN RSRdyAl(f ovi 53 Al aNIBS NJ A25F0 S0 |
YI i SNARIGOS LIWSBRADER SERNE® LYy | RRAGANB IR yit K3 AIBH
f A2aF0 Of 2y Sa& StAIAGES F2NJ A4+ 0SS | ARCR2& RLIMzgRA &
C2NBaidNEO®

¢tKA&a fAa0 RANBOGA G(KS O0SYSTFAOAINRSAS RSLISYRAY3

Jdz NAYWwiI $&Aa tAad Aa dzZRFGSR SOSNER Gg2 &SIFNm (2

FYR GKS | LIISEFENIyOS 2F ySg Ot2ySa 2y GKS YIN) SO ¢
YSSiGAy3 GKS SELISOGFGAZ2Y A 27T LINGR dpl#i2 RNI AyaAR8dza G NB |y
tfryiAy3a RSaA3IYy YR &L} OAy3

Ly LRLIEFNLXIFIYyGridAazya F2N 6KS LINRPRdAzOGAZ2Y 2F @SyS

I YAYAYdzY 2F mMpn o6cT YH LISNI GNBSo G2 | Yl EAYdzy
NBOGI ¢@dR I NI Y0 2N KSEVIEWNF YOBNKAFEFRSKNBFE L OAYy I OF v
yo G2 Ftft26 I Y2NBINSEMSWYSEA SIS Yyl 3sSySyi

b2NXIfte 2yRBRBRSa28)XaAB20SNIAFTASR AY ydz2ZNESNE A
LJ2 LJ | NJ LDt FiyKiS- G8A2d¢yaad LJ F yG & Ydzad oS ftA3IYyAFTFASRI 4SS
LISada FyLRI fASE ARY25RP LINF OGAOS (2 YAYAYATS GKS {GAYS
0SF2NB L FyGAy3a AG A& |ROAAlIOISS ol &2 1LY NIGKS 2 Cwe
dzy RSNANR dzy RO AYip g ROEBEXPT2NI 4 € SIad o

t N2GSOGAZ2Y FTNRY I ROSNERAGE

9SSy Ay (KS O2yGSEG 2F &daAadGlAyrotS YIFylF3asSySyid dz
I ySSR FT2NJ LKeai{dz2alyAidlrN® GNBFGYSydao ¢KSaAS GNBI G
LIN} OGiAOSa I NB O2yaiREMNBRA R yISHFSROWUAITS 52 y yRY ¥4 NI (D)
G§KSOIBRRE SR SENXI & gFNYAy3 | LIINBIFOK 6SGARSYOS 2F Ay
NBOSYyil GAIKGSYyAy3a 2F tS3AatlriaArAzy O2yOSNY¥AYFRGKS
GARSALINBIR F0lFlyR2YyYSyil 2F (GKS dzasS 2F (KSaS LINZRc
FYR LI GK23Syas (GKS OK2A0S YIRS Ay CN}IyOS 20SNJ GF
YR RAOGSNEATE (KS OINBSiirSE AA8R IKS WakORK RF 23

Pagellls8


https://agriculture.gouv.fr/graines-et-plants-forestiers-conseils-dutilisation-des-provenances-et-varietes-forestieres
https://agriculture.gouv.fr/graines-et-plants-forestiers-conseils-dutilisation-des-provenances-et-varietes-forestieres

B4ESDel i vee dDa B |

OKSYAOIt LINRPGSOGAZ2Y ®WCANINIWSY 6 RBY 8 2 VWONIZRSRE A ¥ K 8
LINE A &A2Yya AY |ye a OAFAO O2yaSNBIiGA2Yy YSI adaNBa
NJIj dZA NBYSyiia 3230SNy a2 (KS dzasS 27F LI Fyd LINBGSOC
a0KSYSa 2F ¢KS C2NBa {GS6F NRAKALI / 2dzy OAf 6C{/ ¥
/| SNIAFAOLIGAZY {OKSYSa o6t9C/ 0®

Ly 9! OdzZNNBifie ST Rutal GiKSy d2aS 2F | OGABS adzomaidl yosf
AyOf dzRS WKSLIMBIFNIMKYEI €t 6St yR 2yfe F2NJ 0KS o0A20A
SESYLIiA2ya A&d&adsSR o0& NBt SOl yli RATASOSESD 2t0KaaSINSZ: [Gy2A
Fdzi K2NAT S AyGSNBSydAz2ya 3FAyad 2G§KSNI 0A2GA0
LINEGSOGA2Y LINPRAzOG&AS AdG Aa ySOSaalNeB (2 F2tt2¢
Fff LlRaarat §2LINBRHzZSARY Y 3S (2 GKS 2LISNIG2NI FyR
NB&ALISOG (KS R2al3Sa 2F | OGABS Ay3aINBRASyGaA YR A
loaSyO0S 2F 6AYR YR Ay (KS G2EXAMMBRIANE { 2 EINE R &0
LISNF2NY LISNA2RAO YIAY(iSylyOS 2F &aLIN}e& SldaALlYSyix

z

Pt

w»

NY I GAGS LILX NI L FydlidArzya

¢tKS NAhala 2F Yy20t2y It LRLEFN LXIydlIidA2ya OlFy o
LRILXI adFyRS +Fa |y FEOGSNYFGAGS Y2RSE S dzaSTdAd G2 |
OA20A0 YR 0A2GA0 &aGNBaaz Ia | fNBFRe8 NBLEZ2NISRO®
LX FydAy3a Y2RSt o0l aSR 287 OY2y2 Of 2RIEM dANBS2 BaNJ & A (YRR &
Oft2ySa o6l a | tNBIFRe LINRPLRASR® ! fGSNYylFGA@Stes Odf
NEaAftASyOS (G2 OtAYIGS OKFy3aS adzOK & LRt&adeodtarod

AAAAA

AYLIB$UWSR Ay 2NRSNJ G2 aasaa GKSANI SYGANRYYSy Gl f

t2f 2080t A0 OMLIBOAXAFRKRBINI WAIESER2Y & | NB LINRLRA&ASR | &
0N GSaAASa Ay GKAOK aift gAaodzZfldzRE ¢ WyVQHzi & K IOT Y T |0
LIN2E RdzOG A2y > UGKNRdAAK R2LIIAZ2Y 2F Y2NB SYGJANRBYYSyl
Ot fdziAy2y SO Ffd HnuuO LINRPYIRASR (KNS $F |3y A/r@AS 2& 1 R
g22R 6A0K RRYTS NG KNRDI I G

CAIwWaMBPR f 808 0f A0 LX I yldldAa2ya gAGK g22Re& &aLISO

Pagee218



B4ESDel i vee dDa B |

Ly Lilftez tt KF@S F2dzyR | OSNIFAY |Y2dzyld 2F Ay S
FOGAZ2Y FT2N) K% BWER2MEHI bRPNEIRSNYR wS3aA2ya | yR (GKSasS L
GSOKYAOFt y2N¥a Ay (KS &dzaidHxyazat S yY i ASY SWAE SR
gL tydzi FNB 0SAy3a GSaidSR LINRRAIOSINRY RF |6
S& INB | faz oNESAI T SHILX
L2 LI I NJ k ofl O1 f 20dz

LJ2 LI F NJ K
/] 2Y0AYSR 622R k O0A2Yl aa dz
R

Ff® HAaHMO & ¢Sff | a YAE
SG Ffd HAHNO D

CAIWaR t @080t A0 LA FYGlFidA2Y 6AGK LRLX I NE
F2NBalGNE &adeaidsSvya o6! Co0 Ay@2t @S GKS OdzZ GASFGA
OALGAZ2Y 6AGK | ANRKROMzZ (GdzNF £ ONR IO I(RRK2 K- FNILINE
RS NI}Iy3aS 2F SO02y2YAO FyR SY@ANRYYSylGltf o0SyST¥

a8aiGSY 2F LIRLXFNI NRrga 0Si06S¢
¢ K I INRA Odzf GdzNF £ ONRLIA O6OSNBIfaxr F2Nr3ASs fS3dzvySa
Al f | :

S
(NBSad® Ly GKS AyAd .48 GKS O2yRAGA2YE I NB



B4ESDel i vee dDa B |

GKS GNBSa 3INRPsI (KS FBRNRIYIHSNYRYRKFGIORKBIGHGAGA YOI
GSYLISNI GdzZNB YR gAYR OGAZ2yd tflyd GNBSa Fa O2yl
2F GKS a2Af IyR GKS fSIOKAYy3a 2F ydzZiNASNBED AKSTI
FAYS N220Ga FyR GKS fAGGSNI LINPRdAzZOSR o6& Sl @Sa Sy
YAONROALFE OGAGAGE YR F@FAflLoAtAGE 2F ydziNASyYy
O2YLI Ol A 2yC22\ gRRR HABSIOMR EH | NdzAK KIFa 0SSy 206aSNBS
Ay &LISOAIfATSR LXFyGlFidA2yar Fa GKS LXIlyda | NB Y;
F INRA Odzf GdzNF £ ONR LA o6t NxRa SiG | tftdX wamnT CI OOA2GI

C2NBai OSNIATEXDNIABZHMGBEDOKEYFES YI yI ISYSy

¢tKS C2NBad {iGSéFNRaAaKAL) / 2dzyOAf oC{/ 0 IYyR (KS t NP
{ OKSYS& o0t9C/ 0 KIPFS RSTAYSR &LISOATAO NBIjdzA NBYS)
AYLINRGSYSYy(l | yROX23YUSY!| FOBBRFISHBP ¢KSE&S AyailNHzY e
ddzLILR2 NI LINRPY2GA2y Lt adlidSySyida 2y SOz2aeaitSy FdzyO
AY SYGANRYYSEKSIt OEBENBYASLP/ OSNIATFTAOIGRYY BIKSY!
GKS FdzyRFEYSyGlf ONRGSNREF F2NJ 0KS adadlAylofS L
ALISOATAOLItEe (G2 NBaraildlyd Ofz2ySaszx GKSe SIOK AYLR
FNRY GKS YIFIAYy 2ySY t 9a0dt 2NBSj dFA2NB al Gl KESS FdaaidsS vend: |2y T2

AN oA A o~

SEOSSRAY3 Hn KIFXZ gKAES C{/ AYLR&aSa | LISNOSydar3as
LYy CN}yOS> G(GKS RSYIFYR ¥2NJ OSNIAFASR 622R o0& AYF
OSNIimBN¥OIM A& SaaSyidAartte t9Cc/ ® LYRSSR> RdzS (G2 AdGa
GKS CNBYOK LRLXFNI INRPOS Aa y2G FRIFILWGSR G2 GdKS O
GKS FTNI}YS@2N] 2F G(G(KS NBRAgRBAGNAK2YALAR ODNRIISRSRHI
OKI NISNE NBIAAGNYdA2Y G6AGK t9C/ KFIa 0SSy I O2yRA
In perspective the adoption of cultivation models more environmiigndly and lesenergy

consuming, besides the selection of clomalieties well adapted to climate change are a priority

objective of the European forestry sect@othe Sustainable Forest Management will have a key role

in reaching the European Green Deal objectives by year 2050 and poplar cultivation offer great
opportunities to build a green economy and to face the challenges of climate change in Europe.
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4.6 Eucalyptus

LYGNRRdAzOGA2Y

Eucalyptus is an essential source of raw material for a high-aalded industry. Currently, in Portugal

due to existing legislationt is not possible to expand the total national area with this species, so it is
crucial to increase productivity and resilience of existing plantations. In this context, breeding is key to
open the opportunity for an increase of productivity and resilieffoe eucalyptus plantations.
Moreover, in 2005, the proportion of eucalyptus improved genetic material was estimated as only
about 10% of the existingucalyptus plantationgAlmeida et al., 2005 Currently there is no updated
estimate of the improved ewdyptus proportion oubf all existing eucalyptus plantations, although it
might be expected that this proportion has increased since 2005 but it might be expected it is still low.
As aresult,there might be expected a considerable potential for increggroductivity through the

use of improveceucalyptus. However, experience from the past shows that creating value from tree
improvement is more limited by the ability to deliver genetic value on the ground than it is by the
ability to improve genetic potatial through selection, breeding and testi(ifalbert, 1993)

Following the development of improved eucalyptus FRM, correct deployment is necessary to reduce

the genotypeLIK Sy 2 i@ LIS YA AYIFI GOK Ay LA FYyGAy3a Sy@BANBYYSyY(
stability, and productivity of eucalyptus. Although eucalypstends aregrown in rotations of about

12 years, they are managed in coppice for about three rotations, so an incorrect choice of the improved
material to be planted will have #ongterm impact (about 36 years). Achieving a successful
deployment is stepwise process which might imply the following steps:

- ¢2 1y2s GKS OKIFNYOGSNRataOa 2F GKS AYLINRYSR
LY ITRRAGAZ2Y (2 GKSANYEOHSERI NS B 2L28aAGHNSS Akl |
LINB LI 3+ GS GKSYXZ SAGKSNIoe @S3aSilradAdS LINBLI I

- ¢2 1y26 GKS OKIFIN}YOGSNRaiGAOaA 2F (GKS araiasSa oKSI
grea G2 O22RaRTFADRGE2Yy F2NJ SdzOF feLlidza o0& 22
| 26 SHSNE aAyO0OS OdzNNByife Al Aa 2yfe LlRaairot
ySé FFTNBlFax 2yS Fftaz2 AYLRNIFyG |awLsSoadzaa
SdzOlF t @Ldidza &adGltyRo LG A& y2i 2yté ySOSaal Ne
GKS Cwa gAfft 0SS LIXIYyGSR odzi Ffaz G2 KF@S |
GKS FNBF G2 6S LXIyGadSR®

o SN

With an estimate of the area to be plmd with the expected site requirements from the tactical
planning, it is necessary to carry out the capacity planning, detailing the needs to adjust the capacity
to produce improved FRM with targeted traits both through mesatrolled pollination and
vegetative propagation in order to meet the expected demands for each FRM.

It is crucial tgproduce each FRM according to the expected needs and ensure that there is a correct
deploymenti.e. there is a proper matching between site and genotype. Failing ddywe improved

FRM according to requirements imposed by site characteristics, including its biotic and abiotic threats,
will lead to use improved FRM less than optimal for the existing planting sites.

Pageéhlls8



B4ESDel i vee dDa B |

Ongoing climate change poses a major challenge in giepat of improved FRM due to the existing
uncertainty about future climate and how exactly it will impact on forests. Furthermore, impact from
climate change on eucalyptus forests is not only directly related to the change of climate but also can
be indirectly related through the impact of climate change in the development of eucalyptus pests and
diseases. Surely, climate where the eucalyptus improved material was tested will be different than the
climate which new plantations will face. Furthermore, witkception of northern coastal region,
overall, it is expected harsher conditions for eucalyptus including temperature rise, precipitation
decrease and increase of extreme climate events (Dias et al., 2013).

| KI Ny OGSNRAEGAOA 2F LI FydAy3 aArds

ld3aSaarmNg SdxdiSa LFidza LI FyGdGAy3ad AYLIEASaA t221Ay3 |
|
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a2dzi Ko FyR t20Ff NBtAST IONEE AGY LR2Z2NIE [2yBE Ay RNIE € HGA A2
YAONROftAYI(iSd ¢K2aS8 {(2L123IANFLIKAO TSI Gdz2NBa YSRAL G

NFAYFLEt YR GSYLISNI GdzNBE® LYy RRAGAZ2YZX (GKS& YSRA
YR SNERAIARBA RIS S1ia | f oNB adpiplo D 2F G Sy t20Ff @ NRI
Y2NB AYLERNIFIYyd GKFy fFNBS GFENAIFoAtAGe SEA&alGAYy3 |
LX FyldFrdAaz2yad Ay OSY(ONIf 2NPRLAEE RIDENPSI R Y (G&PHRaG
[ £AYLFGS

Major abiotic challenges for eucalyptus in Portugal are drought and cold. Selecting the eucalyptus
stands with higher exposure to cold was carried out considering the areas with an average of the lowest
temperature of the cooler month equal to, or below, 3°C. The rationale for this threshold considers:
(i) a temperature difference from the surface of the soil and the measure in a meteorological station
at about 1.20 m; (ii) no data are available for the @bt minimum temperature values daily so the
monthly average of the minimum temperature considered implies that on these months there will be
lower minimum temperatures than the average. Climate data used was from WorldClim database
(http://www.worldclim.org) version 2 that has climatological normals for the years 13X in
geospatial format. To identify the region with a higher exposure to drought, the criteria used was based
on the level of the usal water deficit and the frequency of drought occurrence in Portugal. The water
deficit of a site can be defined by the aridity index defined as (Middleton et al., 188B/(PET

Where Al is the index of aridity, P is the average annual rainfall andsPle& annual average
evapotranspiration. The GIS data used for the Al was available at the Portuguese Institute for Nature
Conservation and Forests (ICNF), which has climatological normal data for the yeaf)1086
geospatial format. GIS data used fihe frequency of droughts in Portugal was supplied by the
Portuguese Institute for the Ocean and Atmosphere (IPMA) and it is based on the Palmer Drought
Severity Index (PSDI), using a data series from 1978 to 2017. Putting together the Al map with the on
of the frequency of droughts it was possible to produce the map showing the trials with higher
exposure to drought. Combining drought and cold exposure allowed to identify four regions in Portugal
depending on their exposure to cold and drought (Figu8E 2
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Ongoing climate change poses a major challenge as the climate where eucalyptus improved material
was tested will be different than the climate which new plantations will face. Simulating the future
climate that eucalyptus, which will be planted now, valté is critical for deployment. Considering the

four regions of drought and cold exposure and a centroid based on the eucalyptus distribution from
de Portuguese Land Use Land Cover Map COS 2018 (BBeg#lodo Territorio, 2019) four points
were selectedto simulate the changes in climate using the climate matching tool (GMT
https://climatematch.org.ulk developed in B4EST, with support from the Forestry Commission. Both
approaches provide usefulformation for breeding and deployment: (1) deployment shall look for
improved FRM from these projected regions, which now have the future climate of the site, to plant
now at the selected site. Breeding for the selected site shall focus on FRM fromrdmgses; (2)
improved FRM developed in the region of the selected site shall be used in regions which will have the
climate of the selected site in the future. These simulations show (see graphs onZAnnex
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There are two key aspects from soil: maximum available soil water capacity whicllasnental for

the water balance and is critical in a context where climate is characterize for hot and dry summers;
soil fertility which refers the ability to sustain eucalyptus growth. Where the climate conditions are
more severe in terms of drought thienportance of soil is even higher to sustain the ability for
eucalyptus growth.

Waterlogging, the excess of water in the root zone together with anaerobic conditfoagproblem

that may occur in several siteEucalyptus globulus not able to cope wewith waterlogging but there

are few genotypes which can cope better with this situation. Apart to reduce waterlogging extent
trough drainage techniques it will be important to select the better adapted genotypes to cope with
it.

Soil nutrient depletioncan happen due to insufficient fertilizer use, unbalanced fertilization, and
nutrient depletiorrinduced soil fertility problems (Tan et al., 2005). Although nutrient depletion might
be more common in agriculture than in forestry due to be a more interygigetice it is important to
evaluate soil nutrients in the planting sites. Moreover, as eucalyptus is in Portugal currently restricted
to replantingA (irfpartant to consider the species nutrient consumption from the previous stand to
ensure that the fertization of the new crop will be balanced. In addition, as forest biomass is a source
of renewable energy its use is increasing and in case ofexteaction it may lead to reduced soll
fertility (Pimentel et al., 1981 However, maintaining forest bioraa such as postarvesting woody
residues may increase fire hazard.
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For more than a century, until 1970, eucalyptus in Portugal were free from pests and diseases.
However, they are currently threatened by increasing numbers of pests amaisgis mainly originating

from Australia. Some of them cause severe damage and compromise productivity. Eucalyptus
pathogens are expected to be favoured by climate changes and new biological invasions, implying that
efforts should be made to develop new dool strategies to combat existing and prevent future
threats(Branco et al., 2014)

Currently, the major eucalyptus insect pests in Portugal are: a wood borer, the eucalyptus longhorn
beetle, Phoracantha semipunctatBab.; a defoliator, eucalyptus snoutdile, Gonipterus plantensis
Marelli; and a sajsucking, bronze bugThaumastocoris peregrinuglthough different levels of
tolerance to these insects existing amoBgcalyptus globulugenotypes it is not possible to identify

up to now one which is abagkly tolerant. Strategies have been choosing different eucalyptus species,
for instance for snout beetleEucalyptus nitendyybrids ofEucalyptus rudis x Eucalyptus saligma
Eucalyptus maidenii x Eucalyptus saligna

Eucalyptus disease caused by fundi Mycosphaerellaspp. and Teratosphaeriaspp. which
preferentially attacks the juvenile foliage, can be a major threat in some areas. VHititialyptus
globulusthere are some genotypes tolerances particularly with some clones which turn from juvenile
to adult foliage quickly. Since 2020 there has been more prevalent observations from diseases linked
to root rot caused byPhytophthoraspp. in eucalyptus plants that died in the first year of installation.
Altri and The Navigator Company have been lookingveys to control this disease and up to now it

is unclear if there are genotypes tolerant to this disease.

_A20GA0 FYR FOoA2GA0 AYGSNI OGAzya

Climate change impact on eucalyptus plantations is not only directly related to the change of climate
but also canbe indirectly related through the impact of climate change in the development of
eucalyptus pests and diseases. Environmental stresses which plants face have implications for the
biotic threats, in some cases rendering plants more suitable as hosts laieteon concentrations of
nutrients and/or reducing chemical defences. Water deficit stress is known to predispose eusalypt
trees to attack by the eucalyptus longhorn bor@horacantha semipunctatéHanks et al., 1999)
Concerning the eucalyptus diseasaused by fungi dflycosphaerellespp. andTeratosphaeriaspp.

moist conditions favour the establishment of infection so the coastal region of Portugal, as well as, the
region of Galicia in Spain tends to be more attacked by this disease. The eucalypttideetle,
Gonipterus plantensiMarelli has been successfully controlled biologically by Amaphes nitens
parasitoid which is widely distributed across Portugal. However, in some inland regions of northern
and central Portugal, with cooler climateah the southern and coastal areas, the parasitoid remains
AYSGSOUA®GS tSIRAY3I (G2 KAIK SO2y(\akneetad, 2618412 3aaSa
these examples highlight the importance of biotic and abiotic interactions and in face ofattainty
regarding ongoing climate change there is concern on how to carry out deployment to ensure the best
results for future eucalyptus plantations.
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Currently in Portugal, due to existing legislation, it is nmégble to plant new areas with eucalyptus,
onlyto replant eucalyptus where there was already eucalyptus stands. Thus, one also important aspect
to consider is to characterise the site, for eucalyptus improved FRM deployment, by looking at
performance fron the previous eucalyptus stand in terms of growth of survival. Previous eucalyptus
site index, yield and survival will offer good hints on what improved genetic FRM shall be used in
deployment. All the historic available from the previous stand will lfulsuch as information on:
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Plant strategies amongst species can be seen also within species, both generalist genotypes with high
productivity across a region and specialist genotypes with high productivity on specifi(/sites et

al., 2014)Looking at existing results from Béshear Unbiased Prediction (BLUP) analysis carried out

by Altri, it is possible to observe genetic materials with either generalist approach having a good
performance across regions or genotypes with a specialist approach. Specialist genotypes are either
competitors, which are those highly productive, or those with higher tolerance to abiotic factors.
Generalists take advantage of a wider ecological space whilst specialists use a narrow range of
resources and conditions.

Eucalyptus improved FRM at Altrieaclones produce through vegetative propagation and-ildl
seedlings produced through massntrolled pollination (MCP). Both clones and-&ili seedlings have
different plant strategies. AB. globuluss a species with known rooting recalcitrancesitifficult to

find genotypes with rooting ability to be propagated massively. Therefore, clones are being produced
for specific situations either with higher tolerance to abiotic or biotic threats, or highly productive
genetic materials which are suitabler favourable site conditions. Fidlb seedlings are being used
both to produce generalist and specialist FRM.

Several sources of information were used to characterise eucalyptus improved FRM from Altri with a
major one being the BLUP carried out in 202hich has three novelties: (1) identifying macro climate
zones based on cold and drought exposure; (2) having a closer attention on survival results from the
BLUP as the growth conditions in particular in the dry regions are expected to be harsheututée
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(3) considering the number of trials in which the improved eucalyptus has been tested. In addition to
BLUP Altri has a network of trials establish in blocks which was not used in the BLUP analysis and was
used to validate the information of BLUP.

- Overall Generalist FRM (Overall G FRM)

BLUP analysis allowed to identify 3 controlled crosses which have been tested at least in 10 breeding

trials that have an overall genetic gain in vqum@/Qna) above 60%. Moreover, these figilb seedlings
have morethan 50% gain in more than two regions with different cold and climate exposure.
Therefore, these families are well suited for average sites across eucalyptus distribution in Portugal.

- Regional Generalist FRM (Regional G FRM)

BLUP analysis was carried fegions with different exposure to cold and drought. This approach
allowed to identify which were the best FRM for each of these regions. In addition, for each region, it
is possible to identify FRM that are better suited for high productivity sites (RaldibG FRM); FRM

that are better suited for low productivity sites (Regional L G FRM). Those FRM for low productivity
sites are those amongst the best performers which have better survival. Information on FRM to be
used in each region:

9 Region with low gposure to drought and cold: as Altri, since its establishment, invested in
installing breeding trials at this region, which is the most productive, there are many options
of controlled crosses which have a genetic gain above 60%. Therefore, overaisthenmeeed

to deploy clones in this region except if there are specific conditions (e.g. waterlogging) which
justify it.

1 Region with exposure to drought: depending on the available FRMs, either clonessi full
seedlings, which are drought tolerant acding to the BLUP analysis, can be deployed in this
region. A genetic gain of volume per hectare above 50% is expected from those FRMs. Within
the good performers special attention was given to survival in this region as it is expected that
due to climatechange conditions will be harsher.

1 Region with exposure to cold: several clones ordilll seedlings were identified as cold
tolerant FRM according to the BLUP results can be deployed in this region. There are-two full
sib seedlings and three clonesrfieularly adapted to this region and a genetic gain above 40%
in volume per hectare can be expected.

1 Region with exposure to drought and cold: among the regions with different drought and
cold exposure this region is the less productive and the regioereviess field breeding trials
exist. Therefore, results from this region are less robust. Best performers in terms of volume
per hectare are both from fullib seedlings and clones. There are several FRMs with genetic
gain in volume per hectare above 50Rlowever, many of these FRM results are based on one
trial only.
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- Wind Specialist FRM (Wind S FRM)

Irrigation trial from B4EST Project, at Casal da Coelheira, where there are 30 differentfaloedtbe

Elsa storm on 19/12/2019, when the wind speedaked 83 km/landtrees hal about one and a half
years. This event followed a period of heavy rainfall which may have led trees to be more disposed to
be impacted by the wind. The 30 genotypes responded very differently to this storm some of the trees
were highly affected whereas lo¢rs were almost not affected. Views from drone flights, before and
after the storm, show the different ability of genotypes to deal with the wind (see details at Anex

- Waterlogging Specialist FRM (Waterlogging S FRM)

Existing great variability of teain in Portugal includes sites with soils having occurrence of
waterlogging. It is important for such sites with waterlogging problems to use FRM that are more
tolerant to this situation. The knowledge of field operational performance from existing cédioaged

to identify one clone which is more tolerant to waterlogging.

- Productive Specialist FRM (Productive S FRM)

In the most productive areas, or trials where irrigation might be used, the most productive clones are
a good option to maximize the produeti capacity of these sites. Amongst Altri clones, by observing
the result from BLUP analysis, there are clones that stand out for their productivity. Several of those
clones have been tested on many trials which ensure its growth response. However, thagall
clones tend not to be high performers in terms of survival, so their use need to be cautious.

- Leaf Disease Specialist FRM (Leaf Disease S FRM)

There is field operational information regarding a higher tolerance of two clones from Altri to the Leaf
Sot disease caused by fungi blycosphaerellsspp. andTeratosphaerisspp. which preferentially
attacks the juvenile foliage. In sites where this disease is more prevalent those FRM should be used to
minimize the impact of this disease.

9 yiiza SNJ NWIidzh MRS | OOS LI yOSa

Eucalyptus planted in Portugal aims to produce raw material for pulp and paper industry.
Understanding eucalyptus erttd SNBE Q NBIlj dZA NBYSyda FyR | OOSLIiF yOS:
based on a survey carried out under B4AEST (B4ESTralelie/B5.1). According to this survey there is

a clear preference of eucalyptus stakeholders for improved eucalyptus FRM in relation 10 non
improved. Furthermore, the most important biophysical criteria for selection of eucalyptus were
considered higher iglience to abiotic and biotic disturbances and a higher survival rate. Amongst the
main climate threats drought and frost were regarded the most critical. The most important biotic
threat, amongst existing pests and diseases, was referred to be eucalmius beetle Gonipterus
platensis.

Forest ownership structure in Portugal is mainly private and fragmented over numerous estates which
in the centre northern regions are of very small size. Under these circumstances it is difficult to supply
to all endusers improved eucalyptus FRM and ewrsthat they will have an appropriate deployment.
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The association of pulp and paper industries in Portugal (CELPA) tries to improve overall eucalyptus
F2NB&d YIylF3aSyYySyid GKNRdAzAK | F2NBaid SEGSyarzy LINE

5S50Aarz2zy GSHNDOSE 82)idzaA RSLE 28 YSyd

Deployment aims to match traits of eucalyptus improved FRM with the site characteristics, so it implies
the correct allocation of improved planting stock to match site characteristics. Wrong choices of FRM
will cause lost potentialdr productivity and resilience. A decision tree was developed to guide
eucalyptus deployment, in order to plant the right tree in the right plé€igure 24)

Moreover, to help using the decision tree developed it was created a quick start guide which in a
concise way try to explain the rational for each of the decision tree steps.

Pag7e3lls8



CLIMATE SITE

SOIL

HEALTH

PRODUCTIVITY

B4ESDel i vee dDa B |

Eucalyptus Deployment
Decision Tree
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Eucalyptus deployment decision tree was developed to help eucalyptus improved FRM end users to
choose the right FRM for planting according to their site characteristics. The decision tree is structured
in a few steps which are described as follows:

SITE

Site where planting will be undertaken may vary in terms of size and heterogeneity. Smaller planting
areas tend to be more homogeneous and with their increase it is possible that heterogeneity. Often
localvariability in soils and microclimate is more important than large variability existing in the region
particularly due to topographic features such as slope (flat, gentle, intermediate, steep), aspect (north
or south) and local relief (flat hollow, unduillag), ridge crest). If exists, spatial information of previous
stand productivity will provide the best indication of site heterogeneity. In case such heterogeneity
exists, it is important to stratify it and for each stratum the decision tree should be used

CLIMATE

As there is information about eucalyptus improved FRM according to a macro climate classification
related to drought and cold exposure (see FigR#, it is necessary to select the region where the
planting area is located. In addition, althougind is not a major risk for eucalyptus in Portugal there
are areas with higher wind exposure where it might be important to consider specialist improved FRM
which are known more tolerant to wind which are called Wind Specialist FRM.

SOIL

Eucalyptus grows many soil types in Portugal. Due to soil characteristics and topography in some
site periodic waterlogging exits. If the planting area has waterlogging, then it might be important to
consider specialist improved FRM which are known more tolerant t@nesgjging which are called
Waterlogging Specialist FRM.

HEALTH

Eucalyptus biotic threats are growing with the increasing number of its pathogens. Leaf Spot disease
caused by fungi oMycosphaerellaspp. andTeratosphaeriaspp. which preferentially attackihe
juvenile foliage is one of the most important field diseases. In sites where this disease is more prevalent
it might be important to consider specialist improved FRM which are known more tolerant to Leaf Spot
disease which are called Leaf Disease &fiscFRM.

PRODUCTIVITY

Eucalyptus productivity can be considered as the amount of volume produced per hectare over the
rotation. Following this perspective, productivity can be considered the result of growth and survival.
Where there are outstanding siteonditions for eucalyptus, productivity can be very high, meaning
that eucalyptus have very high growth and very high survival. In such conditions it might be important
to consider specialist improved FRM which are known to be highly productive, catiddcBve
Specialist FRM, in order to take the opportunity to achieve very high productivity offered by the site
conditions.
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Existing four macro climate regions with different exposure to drought and cold have Regional
Generalist FRM which are well adaptedhem. However, these regions have a considerable variation

within themselves. In face of such variation, in a simple way these regions can be divided in high (H) or
low (L) productivity sites. When the productivity of a site is high then Regional Idigdralist FRM
(Regional H G FRM) shall be used; when the productivity of a site is low then Regional Low Generalist
FRM (Regional L G FRM) shall be used. In both cases, if no Regional Generalist FRM exists, then it shall
be use Overall Generalist FRM whighall perform well in most of the average conditions for
eucalyptus growth and survival.

{ Af OAOdzt GdzNBE 2 F AYLINR ISR SdzOl £ & LI dza

Deployment of FRM is just one activity within silviculture. A successful eucalyptus plantation requires
not only the most suitedmproved FRM for each site but also that all the remaining silviculture
activities are carried out properly: (i) before planting such as site preparation and defining the initial
stocking; (ii) during planting such as handling the FRM until the plantiegplanting itself and
fertilization; (iii) after planting such as weed control, further fertilization and control of pests and
diseases. It is also important to ensure, apart from knowing which are the correct operations and that
they are carried out coactly, that all operations are due in the right timing, e. g. planting late in the
spring season might result in high losses during the summer drought. Silviculture of improved FRM
shall acknowledge such improvements, e.g. if we are planting improved Ridh will be more
productive the fertilization needs to consider that increased potential from improved FRM to produce
more wood. New operations such as using hydrogel at planting might help to cope with summer
drought of initial years particularly in tr@ntext of the ongoing climate change (Crous, 2017).
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4.7 Common Ash

Context

European AshHraxinus excelsipris a valuable hardwood species endemic in all B4EST partner
countries. Its timber has many technological properties similar to other valdaldwoods such as

oaks while being much more affordable due to much faster growth. Ash was expected to benefit from
climate change and to replace negatively impacted species like Beech (Broadmeadow et al. 2005).
However, the species is now threatened byhAtieback (ADB), an invasive fungal disease of Asian
origin that was first detected in Poland in the early 90s and that has spread all over Europe.

European breeding efforts on the species before 2013 are reviewed in Douglas et al. (2013). At least
11 courries had Ash breeding programmes, for a total number of 16 programmes. The focus was
mainly on timber production (growth, stem form) since pests and diseases were not so important on
Ash at that time.

't 0K2dAK Yz2ald 2F (GKS 9 dzNENISS yL RSyKI AGwAaS RO X ySESARA ({ SIR
{SSR (Gl yRB&Sa2XS (2 TINRINI Ya | faz2z NBadzZ §SREAYy |
among which 6 at least were productive. Most of this work was achieved thanks to international
cooperation. N&onal and international efforts also led to 90 Provenance trials, some of them being

also structured as Progeny (i.e. hsilb) trials, and 6 clonal trials.

Since then, tolerance to ADB has become the primary trait of interest. All past breeding effdrts a
recommendations have been cancelled, but the network of breeding field trials turned out to be an
opportunity for studying this new trait at the European scale.

Past guidelines and their discussion

PreADB technical guidelines for the useFofexcelsiogenetic resources given by Pliura and Heuertz
(2003) can be summarized in one sentenceal material should be used for plantation wherever
possible because trees are generally best adapted to the ecological conditions of the region where
they evolvedHowever, this rule tends to be relaxed in many countries and for most forest species to
take climate change into account. As an example, the Forestry Commission suggests incorporating
material from 2° or even 5° latitude south of the planting site in Rié/(et al. 2010).

An additional rule specific to common Ash appeared after Ireland experienced very poorly performing
Ash plantations originating from continental seed sources (Douglas and Thomasset 2013): avoid seed
material from areas where spontaneoughridization withF.angustifoliathe narrowleaved ash, can

occur.

Local or South?

wS3AFNRAY3I GKS FANRG IdZARStEAYSsES GKS YIFyaNy GKFG
climate change, but it actually proved false in many studies, niytionAsh. Leimu and Fisher (2008)
concluded from a metanalysis that only 45% of the plant populations are locally adapted. In a
common garden experiment, Boshier and Stewart (2005) reported no differences between
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provenances oF.excelsioracross a range of sites in England and Wales, with the best trees growing
best on all sites, and no evidence of a home site advantage and local adaptation. Clark (2013) studied
10 F.excelsiopopulations across a 15° latitude range for juvenile growth f@uoehd that (i) the local
provenance never was the best performer, that (ii) the best provenances grew well on all sites, and
that (iii) many provenances were performing better in more southerly locations, indicating that they
should grow better in a warmaslimate. In Romanian provenance trials, the local provenance did not
have the best survival rate in any of the testing sites; regarding height, no local adaptation was found
either and, again, some provenances performed well in several sites (Parnufeudndoiu 2013 in
L.Paques).

Another conclusion from this last study wdmat provenances can be safely moved from the south to

the north and from the west to the east of the country. Same for Baliuckas et al. (1999), in a common
garden experiment in Swedénvolving a wide range of European provenances, who found that tree
height was negatively correlated with latitude and longitude. In the UK, Clark did not find such a cline
while Espuglas (2018) did, maybe due to a larger number of studied provenancssqQently,

se AGOKAY 3 BHBY(GE 220 6a2dz2NOAYy 3T {2dziKé¢ aidNI GS3e
Whittet et al. (2017), the consequences of climate change are likely to be more complex than poleward
movement of conditions, as some aspgcdf the current environment, such as photoperiod, which is
linked to phenological activity, and continentality will remain constant.

Regarding continentality,u@dall et al. (2003) found in a UK trial that European Ash provenances from
continental climate (Romania, Czech Republic, seedistern Germany) grew ¢.25% less than the UK
material.

Regarding phenology, Clark (2013) reported that provenances originating from the UK broke bud later
than provenances from continental Europe, and that southern UKgprances broke bud earlier than
northern UK provenances. Espuglas (2018) also found southern provenances to be flushing earlier,
which correlated with greater height but also with higher number of forks due to terminal bud frost
susceptibility, thus highliging that height should not be used as a single proxy for fithess and that
latitudinal transfer can lead to maladaptation which are negligible for fithess but detrimental for
sylviculture.

Another important geographical parameter that seems understudgedliitude. In the previously
mentioned work of Clark (2013), altitude of the site of origin had much more impact than latitude, with
the only highelevation provenance performing poorly at all sites. Vitasse et al. (2009) also found a
negative clinal tred on growth and bud flustAltitude is definitely a parameter we should pay more
attention to instead of focusing only @eographic distance. We should certainly startd»gxamining

the old assumption that therare ecotypes with contrasted ecophysioilcg behaviours in common

Ash (Minch and Dietrich 1925, Carlier et al. 1992, Jaeger et al. 2009) and study the underlying genetics.

Hybrid or not hybrid ?

The second guideline, which consists of avoiding seed sources where interspecific hybridizatisn occur
is increasingly challenging for at least two reasons.
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First, because the phenomenon may be cryptic and thus more widespread than initially thought. Based
on chloroplast genetic markers and unexpected behaviours in terms of shape and bud burst, Clark
(2013) discarded three populations from the previously mentioned common garden studies although
they were initially supposed to be puFeexcelsiartUsing 6 molecular markers, Thomasset (2012) found
that 28-58% of theF.excelsioplanting stock in two Irishlantations showed genetic signs of potential
hybrid origin withF.angustifolia

Second, becausé&.angutifoliais expected to shift northwards with climate change, resulting in
increasing overlap witlr.excelsiofHemery et al. 2010). Moreover, the recomnagtion discussed

before which consist of collecting seed sources further South, will undoubtedly increase the risk of
O2ftf SOGAY3I KeoNARRaod Cc2ff2gAy3d (GKS O2yOftdzarzya 7
analysis carried out by Broadmeadow (2DQ4] provenances df.excelsiothat are matched to the
LINE2SOGSR 'Y OfAYF(GS gAftt O2YS FTNRY (GKS [2ANB ¢
provenances from the more maritime regions of the near continent which have high chilling
requiremSY 1& F2NJ 0dzR 0dzNRGE gAGK2dzi LI e@Ay3d FGGSyaAazy
lead to major disaster as the Loire Valley and coastal France have been found to be areas of
interspecific hybridization.

For these two reasons, powerful deteatiof hybrids is needed and this is why the 4tree SNP chipset
that was designed in the B4EST project also aimed at species and hybrids recognition.

Ash dieback guidance

¢tKS 2yfe FdZARFIYOS GKIG A& OdzZNNByGfe &0AKIALIRE YRG/A |
dzy G At NBaradGlyid OFNASGIASA NB NBtSHFaSRe® Ly | RRJ
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0SAy3a dzyRSNEG22RI y20 2 yrNSSA Y aksS NSy 221% LBSY i O D
Fyegs 2N I YAEGdINB:T 2F GKS F2tft26Ay3a LINROSaaSay
YR (2t SN} yOS®d a2NB20SNE GKS RA&aSIaS OFly tSIR (2
2y (GKS (Ndzy1z a2Y$8 i G4KS O2tfFNE 6K2aS O2YO0AYIl
ISYSNI¥t KSIfOGK aidldzZ®SgxtB GHNRSYFGAdNBIGRWEEA (KNS
' 5. &adzaOSLWiAoAftAGRED
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4.8 Stone pine

Context

The Mediterranean stone pin@inus pined.., is an emblematic tree of the Mediterranean landscape.

Its edible seedkernek, a.k.a. Mediterranean pine nuts pinoli, areesteemed for their fragrant taste

and excellent nutritive values, and as cultural heritage. Today, they are the most expensive gourmet
nuts sold in grocery, exceedingn 1 € k 1 BFlueinypartNidBréubhisfarkl pests that for years have
been reducing severely the pine nut supply from the wiltiere is an increasing shortfall in the supply

of genuine Mediterranean pine nuts to meet the world demand. This offers an interesting business
opportunity for stone pine growers (Mutke, 2019, 2020).

The natural distribution of Mediterranean stone piri&inus pined.., is associated to edaphically poor
sites under Mediterranean climate, namely on bare rocky slopes or, more often, loose sands. It is
resistant b drought and extreme temperatures, both heat waves and late frosts, although its open
umbrellashaped crown is sensitive to heavy snowfalls, that are the definite limiting factor for its upper
latitudinal and altitudinal limits rather than minimum tempéuaes.

Stone pine outcompetes other trees especially in coastal sand deposits with active dune dynamics, on
estuary spits, tombolos or sand on silted former marshes, where their role for erosion control and soil
development is paramount. In Spain, ston@giforests can be found also locally in the inland on
analogue edaphxeric sites at altitudes up to 1 000 m, both in pure or mixed sta@dswith Pinus
pinaster, Juniperusp.,Quercus ilex, Guber,or Q. faginea.

Despite its presence as native or naturalised archaeophyte in those azonal habitat types along virtually
the entire northern Mediterranean shore and beyond, pure-gtdwth stone pine forests are normally

rare and locally limited, at least outside the Izar Peninsula. Most often, their establishment dates
from forestation, especially for land reclamation in coastal areas at least siftoe 48d more widely

during 2@ c., including the Maghreb, Balkans, and Near East (Martinez & Montero 2004; Gahatsas
Thanasis, 2010; Manzano et al., 2019; Fernandez et al., 2021).

In fact, so far palaeontological findings have confirmed its continued presence during the Last Glacial
Maximum only in southernmost lberia. If its Mediterraneaitde range expansion had beamly
anthropic during the Holocene, this putative population bottleneck might explain why stone pine has
been found such a genetically extremely depauperate tree species, both in neutral markers and in
guantitative traits (Vendramin et al., 2008; Mutke at, 2019; Jaramillo Correa et al., 2020; Moricca

et al., 2021).

Timber production of stone pine cannot compete with other more profitable trees species, due to its
presence restricted to those poor sites with low productivity {B.8¥/ha) and to its opa candelabra

crown owed to its strong polyarchic branching habit that leads to poor stem forms and timber quality.
On the other hand, the collection of its large cones for pine nuts does more than compensate the forest
owner for the reduced commercial remrees from timber. Nevertheless, the cone production from its
natural or semnatural forests can be limited, too, often below 200 kg/ha per year, and irregular in
time and space due to the environmental vetoes. Nutripobr, highly drained soils and theratic
Mediterranean climate trigger a strong mast seeding, and the ongoing and foreseen climatic change is
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making things worse (Mutke et al., 2005a; Calama et al., 2011, 2016, 2019; Pardos et al., 2015;
Shestakova et al., 2021).

This limited supply opine nuts as well as the high collection and processing costs, had made
Mediterranean pine nut kernels traditionally a rare and expensive gourmet food: mean yields in forests
can be a few hundred kilograms of cones per hectare and year, and kernel {eskltisan 5% of cone
weight. But nowadays, cone harvesting and processing mechanisation have allowed for starting
profitable pine nut production from orchard plantations where annual harvest can reach several
tonnes of cones, offering a profitable altetihee land use in agroforestry systems on rféd farmland

or over pastures (Mutke et al., 2007a; Loeenoz et al., 2021; Guardia et al., 2021). Sometimes
grafted stone pine is planted mixed with cork oak, cones providing yearly incomes during thegecade
before the oaks will reach minimum size for starting cork stripping (Correia et al., 2018; Mutke, 2019;
Correia, 2020).

Motivated by the high prices paid for Mediterranean pine nut kernels as gourmet nuts, private
landowners have expanded in the lastrthiyears stone pine plantations for cone production in
agroforestry systems, namely in southern Portugal and western Turkey. In consequence, total area of
the species has expanded since 1900 threefold from less than 0.3 million hectares, and some 0.6 Mha
around 1990, to currently more than 1 Mha (Mutke et al., 2019).

Employed forest reproductive materiaisseeds or seedlingshave been so far mostly unselected, or
even of unknown origin. One possible reason for this negligence is the abovementioneddmaitpg

of the species, both in quantitative genetics (and hence observed phenotypes) and confirmed by
Y2 SOdzE  NJ YENJSNAER® !'dG | FANRG 3IFtFyOSsT [ttt adzy:
difference are masked by a strong common plasticity dejpegmon site and microsite variations whose
effect on tree size and cone production exceeds widely the differences between genotypes and
requires spatial analyses for removing it when analysing field trials (Mutke et al., 2007b, 2010, 2013;
LoeweMuiéz eta., 2012). Only in the last decades, private plantation management has increasingly
evolved into agronomic cultivation, and this has raised interest in grafting selected plant material for
enhanced cone production (Mutke et al., 2012, 2019; Guadafo & M@E&6; Guardia et al., 2021;
LoeweMuiiéz et al., 2021).

Breeding objectives

Consequently, the purpose of genetic selection in stone has been improved commercial cone and seed
production rather than searching for increased timber growth and yield as foestthough without
neglecting an adequate vigour and general performance of the evaluated trees and resistance to
drought and main biotic agents, either (Guadafio & Mutke, 2016; Mutke et al., 2019).

In the Mediterranean basin, stone pine also remainsl@want option for forestation, ecosystem
restoration and reclamation on degraded and eroded soils. Additionally, sometimes planting or direct
sawing are used for complementing difficult natural regeneration in existing stone pine forests. For
this purpo®s, selected seed stands have been delimited in most growth regions for supplying forest
reproductive materials (FRM), following the European scheme for identified and selected FRM (Gordo
et al., 1999).

Pag&2 18



B4ESDel i vee dDa B |

Both deployments of stone pine, improved genotypesdgroforestry and adapted plant material for
multipurpose forest uses, are pathways clearly apart. Neither a reduced number of genotypes selected
for cone production should be used for ecosystem management in harsh environments, nor would
unselected mateal allow for developing stone pine as optimised orchard crop.

Stone pine breeding in Europe

Given that seegyrown (notgrafted) stone pines reach reproductive maturity only with2byears,

no precocious juvenile selection is feasible for evaluating sgeduction, and sexual breeding has
hence been considered only a secondary strategy in this species. Progenies trials have been set up a
decade ago, but they will still need years for allowing evaluation of cone production, heritability or
breeding potenial.

On the contrary, the main effort in genetic improvement was on characterising clones tested in grafted
commongarden trials, where mature scions conserve the capacity to produce cones from the
beginning, offering data series after a few years allovidmgvaluation and selection. Since the 1990s,
several hundred plus trees with high cone yields were prospected as candidate clones in the pine
forests of Spain and Portugal and their scions collected and grafted for evaluation in common garden
trials. Asresults of this trials, the best performing genotypes have been selected as elite clones,
registered as qualified or tested basic materials for producing vegetative FRM, and used as scion
donors for grafted plantations (Abellanas et al., 1997; IglesR&7;1Gordo et al., 2000; Mutke et al,
2005b, 2007b; Carrasquinho et al., 2010).

In 2015, fifteen clones have been registered in Spain as basic materials supplying scions for grafting,
based on more than ten years of evaluation in grafted common gardemscifines in the category
tested and ten as qualified. Estimated gains are around3€R@ in mean cone yield in comparison

with the average of all candidate clones in the trials. Comparison with unimproveeyrafted stone

pine plantations is not possiobecause the latter would not even have reached reproductive maturity

at all. These and new clones awaeder ongoing evaluation in a wider network of tria@3ngoing
research is comparing also the performances of stone pine and Aleppo pine rootstoaksaieaus

and alkaline soils (Guadafio & Mutke, 2016; Mutke, 2020; Guardia et al., 2021).

In Portugal, where the benign maritime climate allows fiorsitu grafting on sapling rootstocks,
selection and breeding have relied on propagating a mixture of 6#eslérom plus trees. They had
been prospected for outstanding cone production in forests of the Alentejo region, the heartland of
Portuguese pine nut production. In 2004, this clone mixture was grafted, establishing twedscion
orchards, and registereds qualified basic material, so far without any further experimental
evaluation. Both mother tree orchards are owned and managed by regional private st S N &
associations, the APFC in Coruche and the ANSUB in Alcacer do Sal. Since 20@8ns@hersmands

of scions have been delivered to farmers for transforming young stone pine plantations into pine
orchards as cone crop (Silva & Mutke, 2020).

No further EU member state with presence of stone pine has developed breeding activities in this
speces, namely neither France, Italy, nor Greece.
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Deployment strategies

Evaluating the clones in the first grafted common gardens, there were certain differences (genotype
by environment interactions) in ranking of best performing clones between sites alongtelor
altitudinal gradients. For the time being, only those clones have been registered that were over
average at all sites where they had been tested. The extension of the first reciprocal trial network to
new regions will allow delivering in fature refined deployment recommendatigndiffered for
agroclimatic zones (lglesias et al., 2014; Guadafio & Mutke, 2016; Mutke 2018).

However, for the moment clonal tests have been established only in Mediterranean climate zones,
lacking in consequence experiescand data for cone production in Atlantic coastal regions, where
the introduction of stone pine as crop was proposed by the B4EST project outline. Still so, potential for
this species seems to be there, as cones are searched for even from local coastalpste
afforestation, for instance at the Tle de Ré next to La Rochelle, France (cf. local press at
https://www.realahune.fr/pillageindustrielressourcesaturelleslile-re/).

Deployment recommendations

The pine clones registered as basic materialsgi@aft scions provide an opportunity to establish
orchard plantations with cone production after only a few years, bypassing twenty years of the juvenile
phase without cone formation in negrafted pine trees. In coastal areas of Portugal or Catalonia,
private landowners, experienced in growing stone pine, are opting for grafting in situ on local
rootstocks. However, there is the commercial alternative of contaraesed treelets grafted in the
nursery, which provides a readg-go solution for newcomers dior establishing orchards in less
favourable climate conditions like inner Spain where in situ grafting often fails (Mutke, 2019).

Based on the state of art and decades of handling genetic resources of this species, there are a few
general recommendation&Guadafio & Mutke, 2016).

First, theuse of the maximum available number of different clones is recommendiesh establishing

a grafted plantationavoiding monoclonal orchards. Neither the currently available evaluation based

2y adAtt FSg O2YY2y 3IFNRSya OFly adAiatt aiayatsS 2dz
compatibility in the registered clones, i.e. the risk of seed developmehirés in case of auto

pollination. On the other hand, mixed plantations of different genotypes are generally supposed to be

more resilient against biotic agentsy Bbelling the genetic identity of each tree, the pine grower will

be able to compare theiocal performance and production.

Second, even if genetic gain has been estimated in up to 30% in cone yield, inadequate plantation
management can reduce cone yield more than tenfold, while good practices in tending can boost
production. Stone pine croveare very sensitive to lateral shading, and good cone induction requires
opengrown crown in full sunlight. Plantation density must be controlled avoiding canopy closure.
There are several Operational Groups in Portugal and Spain on topics like pinel ongreagement,

need of fertilisation or integrated pest control, and their results will be published open access, as
already are several related factsheets in the INCREdible Knowledge Repository of Innovation in
MediterraneanNon-Wood ForesProducts [ittps://repository.incredibleforest.net/oppldactsheets.

Third, stone pine plantations as novel agroforestry system are especially of interest when integrated
in mosaic landscapes and multipurpose forests. They can combine profitable pine nut and biomass co
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production with possible other newood supplies like with cork frofuercus subeior pastures and
pannage from Mediterranean oak species. Open grown pine plantations tended by grazing, mowing or
tilling offer a landscape item of understory discontinuitglevant for landscape diversification and
increased resilience against wildfire, for instance if placed along forest tracks or valley bottoms.

Nevertheless, no long time series still exist for wadinaged plantations, and this lack of information
hinders any profitability assessment. The (lowput) clonal field trials have shown that mean annual
cone yields above 1,000 kg per hectare should be reached at least ten years after grafting, except on
limiting soil types like compact clays or marls that Wdinper root development of this species
(Guadafio & Mutke, 2016). In an experimental plot in Catalonia under an agronomic approach, annual
cone yields up to 10 t per hectare have been registered (Guardia et al., 2021). The observed presence
of genotype by avironment interactions in the performance of tested clones between regions
indicates the need to set up local comparative trials in different agroclimatic regions, for assessing
performance and expected revenues, before investing in grafted stone pinevas commercial tree

crop at operational scale.

Practical constraints

In Spain, commercial tree nurseries are still struggling to upscale the supply chain for grafted pine
treelets to operativeness. This is the main current bottleneck for the deploymetiieoregistered
clones, which are asked for by innovative lands owners in most Mediterranean Spanish regions as novel
tree crop for marginal farmland or forestland without risk of erosion. Noteworthy, Spanish regions are
lacking strong, autonomously opé¢ireg forest2 ¢ y SaNd@dations like those abovementioned for
Southern Portugal, where they are supported by large property structures, often estates of several
hundred or thousand hectares that combine forests, agroforestry and intensive agricultueensys$h

Spain, stone pine forests are mostly public, hence managed as multipurposeatemal forests, or

they are smallholdings if private, so they have not the leverage to close this breach, either. As
mentioned, several recent operational group undee EIP Agri has been set up in Spain and Portugal
to tackle this issue giving support to forest owners associationgs(€i. Pifion Ibérico G.O. Mais
Pinh&qg G.O. FertiPineaalso the Interreg PCOTEBAality Pinea projejt

Pag8&hlls8



B4ESDel i vee dDa B |

5 Concl usi ons

In general,the accuracy of deployment guidelines will increase the more data is available: some
guidelines are providing basic recommendation about the site characteristic adapted to a genetic
resource when other are online tools using advanced model to analyse-tffgland include climate
change scenario. For example, the development of the rather advanced F¥a@arde decision
support tool for Scots pine for Sweden and Finland is based on data from a total of 378 field trials
including 276 provenances and coiwgy over 3000 material transfers. In total 7060 trees were
measured (Berlin et al. 2016). Such extensive data sets are very rarely available for any tree species,
and if they are, only for a limited range and/or very scattered. Another problem canabehi data

is scattered over different countries and different owners, so there may be no good overview of what
is available and/or it may be difficult to get hands on all of it. This means that deployment guidelines
will be available, at least on shodrm, only for a very limited number of tree species and for limited
areas. If we were to classify the B4EST species according to the maturity of their deployment
recommendation, Scots pine and Norway spruce are so far very advanced thanks to a Scandinavian
collaboration on the data collection and the integration of climate change sceinahieir deployment
forecasts The clonal species (Poplar and Eucalyptus) are also supported by advanced
recommendations very attentive to thecompatibility of the soiland climate Douglas fir can also
benefit of a significanhistory of international cooperatioraround the different existing varieties
providing now large spatialized recommendations but with little integration of the climate change. The
Maritime pine reconmendations are so famther simplistic at the EU level, most of the efforts being
spent on the most relevant target area that is the Landes de Gascogne. Finally, the Common Ash and
the Stone pine are facing major challengeprovide consistent recommelations, the former facing

an unprecedented dieback driving all the efforts towards the search for a resistance trait while the
latter suffered from a late interest by the practitioners partly explained by the long rotation cycle.

In many cases the presedéployment guidelines and decision support tools (e.g. Pl&teuide) are

based mainly on commercial interests, survival and wood production. Thus, there is a heed to broaden
this perspectiveand include other aspects that have become of importancegeigly biodiversity
(genetic diversity) as well as other environmental aspects to support adaptation and mitigation
measures to climate change. This also means that the use of FRM across borders or regions to support
adaptation to climate change (e.g, tugh assisted migration) should be promoted and administrative
barriers hindering this should be removed. Especially for improved (tested) FRM this is not expected
to cause any significant increase in risk.

On the other hand, however, there is an urgeneddor developing deployment guidelines for tree
species in Europe that are already endangered. European ash is one example of those, but there are
several species or unique lineages that are endangered due to their limited and scattered distribution
or high sensibility to biotic or abiotic stresses. It is of high urgency to start research to obtain the
necessary data for developing deployment guidelines for those.

There is little or no use in providing forest owners and managers with recommendationsefor th
deployment of FRM, if the material recommended for their site of interest is not available. For this
reason, it is very important that the producers of FRM (seed orchards, seed collectors and nurseries)
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are involved when deployment guidelines are beimge&loped. They should be informed in due time
about the genetic sources that are being recommended for their market regions, so they can adjust
their assortment before the demand changes. This issue will be addressed specifically in a new EU
project calledOptFORESTS, that is due to start by the end of 2022.

Another problem with defining deployment guidelines is that the scenarios for climate change are still
quite uncertain and developing further all the time. The inaccuracy of the climate change scenarios
also increases the smaller the area concerned. Sometimes decision support tools offer a possibility to
choose between different scenarios (e.g. with Planters Guide) resulting in, at least somewhat, different
recommendations. For a forest owner or managérmay be quite difficult to choose between
different scenario options, at least without proper explanations. In any way, it should be avoided that
the deployment guidelines change too often, because that will lead to uncertainties in the marketing
of FRM

YO, a9{{!D9{

5

T ! fGENBREISOA éé FNE  FFSQl SR dmdh yaf SWMIHIKS ND kdiyyC
AY ONB | 0GR FNRFELBEINROdAEBWAIEFE &4 2 NI LJF O K22393/388 A2ad2ien N
'y SEGSYyaazy 2F OfAYIGAO yAOKS&a2N2RI XY § L.
ySSRa (2 0SS LINBOAaSte FYyiAOALI 4GSR

f C2NBaAGSNAR | NB LINBLINBR G2 GSad az2ftdziAz2yas
2NHIF yAaSR FSSRol 01 a észSOuA 2y Fylfeara

T ¢KSNE Aa | ySSR G2 LJN.EdeBézuzNaﬁﬁﬁﬁéeezymlﬁdz@
SYRIFIY3aASNBR GKIFI(G g2ddZ R ySSR &aLISOAlLf | O2y &S
JdzA RSt Ay Sa

f C2NJ oNBSRSNA FYRYLNPRAzDSNE BY¥R Cuzd STdzA &
F LILINELINR F 0SS RSLIX 28YSyld LINROSRdAZNBE I NB I O A

T ¢KSNE NBSYlIYy y&SR (2 R2LII IyR NBAYT2NDS (K
YSIFadz2NBa O6AyOtdzZRAYy3a NBIdzZA FGA2yaos LINBY2I
02NRSNEKNBIAZ2YE (G2 &dzZLR NI FREFELIGFGAZY (3
YAINT GAZ2Y

f 5SSO0 AaA2Yy 28 &LIDKNI &NBE RSOSt2LISR (2 KStL 7
OK22aS (KS 2LJWAYI@& DdzaﬁeééazéﬁKEészfﬁyvsw\y
FYR YIFOGA2Yy L § NBEIdzZ FiA2ya O2yOSN¥yAy3a GKS
SYGANRYYSyillftf FaLsSobtaod

Pag8&T7118



B4ESDel i vee dDa B |

t N2 Rdz@CSWNB 6 TzNE SNA Sasx aSSR 2NOKIFNRaz asSSR
RSOSt2LIYSyd 2F RSLI 28YSyi zldz)\ﬁeét)\yééz 0
NEO2YYSYRSR 34a2NlYSyid 2F Cwa (2 0S5 LINERU:
CKSNB Aa fflycESW FrAY ORf a2 0Se2yR GKS 9! o
dzy RSNJ Of AYF(GS YIFIGOKAYy3 (2 FdzidzNB Of AYIF (S

GKSNBE FINB LRtAGAOFE FyR £S3rt OKIFIffSy3aSa

| RO yYOSR RSIRASEXAYWSYEG KBdzLI 2 | P2AR YRk 2NJI I
F2NBad adryRa gAGK AYLINROGSR Cwa & (GKS@& N
Ffa2 20KSNJ I aLJSOG&a &4dzOK |a &aLISOASA RAODSNE
GAOKAY &LJSQORS|aS vy SASRI 20 2020ySA A RSNY GA2Y 6KSY ¢
Ly (GKS SyRX y20 2yfeée (Kz2a$S RSLIX2@YSyid 3Idz
LINEANF YYSAa YR GKSANI GFNBSGSR GN}XAGEA G2 A
YEGSNAFt &S odzi F NEBSE NI @S Sy @AH K 2lyaf 6KSy

FOGAGAGASE YR dzaS 2F Ittt {AyR 2F F2NBA

ai0lryR ITRFLIWGFGA2Y OFy ©6S NBFOKSR GKNRIAK
LI FyaFrdA2y (2 FRAR AFQIUSY IRt 2F dyaRSONE NBwS 2dey Alj
LI I yasvdA a X DE 2y £ T P22 &0GKASO { RMEYSNEVZFSA IOV QidA 2
GKNRdzZK YAESR LXFydGlFEGA2y 2N adlyR SyNAOKY
¢tKAad RSEADGSNIOGES F20dzaaSaf 22Ny anNBalLISORTA
2LI0A2y (2 FAYR FTRRAGAZ2YIFE FTRIFELWGSR |ALISOA:S
LINE RdzOG A @01 & SOESBt 2FNBNS daié F2NBAGSNER O [/ 2 YLI N
O2YLIX AO0FGSR YR GKAA Aa ¢Ke2ys SN R@EISR (L3N
FPRELIGFGAZY 2F 4LISOASA 2dz2idaARS 2F UKSANI Yl
I NRSY F2N) Of AYIKEIH 1I0KY w1 @$E WyF TENTIRNVS HODY

Pag8&® 18


https://reinfforce.iefc.net/

B4ESDel i vee dDa B |

6 Del i venalsleenidhati on pl an

Theambition of the deliverable D4.9 was to compile the knowledge produced by the B4EST project
that was of practical interest for forest managers and breed&ngrefore this document can be used

as a great front doato all interesting results, tools prodad, simulation tested or guidelinesgarding

FRM deployment as they are all gathered in one platdaleliverables referred to in the D4.9 are listed

in the Table in Annexwhich is thus contributing to their own dissemination.

But most importantly, tis deliverable will be adapted into a small manual for forest managers and
breeders. This 4page documentontains every practical information of the D4.9 but written in a
popularized way and illustrated with graphical elements. The different tools aligkosimulation are
presented in user friendly manner to allow the reader a quick understanding ofoffexed
opportunities. Species recommendations are summarized ipage description sheet.

This manual published by IEFC will be way easier to disatnline, first by reaching out the B4EST
consortium and then by sharing it on the different networks and to other interested parties. This
manual will provide the link toeach this deliverable if the reader wants to have more details and the
references.
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9 Annexes

Annex 117 Compilation of the B4EST deliverables mentioned
CO : Confidential ; PU : Public

B4EST delarable Resume Status
1. Concepts and improvement on forest deployment
5mMmdm a/ £ A YLl | The documentreports a climate matching tool, tha] GO
describing projected enables a user to identify a region of biotic impq
climate change in concern and, examine where and when the clima
different geographic conditions associated with that biotic threat will occ
I NS & 27F 9 dzinEurope in the future under different climate chan
scenarios
5n®dn daal yI 3| This deliverable describes methods which are bg CO
uncertainties in climate | developed within the B4EST project to address
change scenarios, FRM | multiple uncertainties associated withpredictions of
performance models and Forest Reproductive Material (FRM) performance :
NA &1 FI Od2NJ]how these uncertainties can be managed
subsequent recommendations. The Scots pine
Norway spruce species to demonstrate two differg
methods.
5n ®o -traitdatl (i A | This deliverable review and analyze how stéemel | PU
multi-criteria decisions can be made on which forest reproduct
performance modelling | materials (FRM) to deploy for different European for
LI I G F2 N)Y T 2| tree species given conditions where the FRM expe
performance from the decisiomaker should fulfil
several criteria that are often complex, and whi
frequently are in tradeoff relationships with each
other.
D454[ ! . 9whbH|¢KAAE RStAGSNIro6tS SEGSyCO
simulation tool to O2yOSLIi¢é @GSNERAZ2Y 2F (KS
combine silviculture and | runs for two speciegseudotsuga menzieandCedrus
genetic composition of | atlantica. The model is developed on the CAP
FRM scenarios and test | modelling platform, currently available upon reque
innovative uses of following the CAPSIS charter. Using a grapk
AYLINE @SR Cw]|interactive environment or a script mode, it can
used by researchers ar&D departments of foreg
institutes, for training sessions with forest managers
well as for teaching and communication
management X genetic diversity interactions towal
any actors.
5n®H & h @S NI| The aim of this deliverable was to identify possi| PU
current rules and legislative and regulation obstacles, and opportunit
legislations for for implementing transational use of improved foreg
deploynent of improved | reproductive material (FRM) based on biological §
Cwa ¢ economical driversThe work focused on identifyin
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national or Ellevel regulations, legislatior
certifications, and levels of stakeholder acceptan
affecting the practical implementation of ne
deployment recommendations through two earli
surveys of stakeholders andgerts at national and E
levels.

2. Species recommendation

G{aGr{1SK2t RS
and perceptions on
improved FRM use and
adaptive breeding and
forest management
AGNF 6S3IASa¢

SELISOGIGA2Yya 2F O NA 2 dz
LINF OGAGA2YySNA G261 NRa A
YI GSNKA & OR SLIMPASBING 3 BKS
LISNODSLIiAz2zy 2F DKREYE §8SO
2y CGwaR LIRAY(G 2dzi GKS | §

LINE2SOG | ONR&aa @I N 2 dza

5n®c at SNF 2| Review of the performance models for the producti| PU

models for poplar clonal | of poplar wood, plywood and biomass in Europe W

FRM and deployment the evaluation of new genotypes and differen

3dzA RSt Ay Saé | cultivation model. Guidelines will serve as an effect
reference and support for growers, professior
technicians, industrialists, public officials, research
and policymakers, in the knowledge that the popl
value chaincan represent one of the most dynam
sectors of the green economy

D4.8&Joint Nordic 5SAONROAY3A (GKS tflydSNIPU

t £ FydiSNR&a 3| features decision support tools for selew improved

decision tool for Scots | FRM of Scots pine and Norway spruce in the No

LIAYS I yR b 2|region. It presents both the operational joint Swedis
CAyyArAakK tflyiSNDa 3 dzA R
development of the joint Nordic new test versions
GKS tflydSNRa 3 dzeRuéhichiaze
available as fully functional online versions
evaluation from stakeholders and emsers. Future
planned research and development pdEST arg
outlined.

Deliverable D5.¢, ly2yf AyS adz2NBSe g1 a O2yH/ h

Public deliverables (PU) can be found on the B4EST website:
https://b4est.eu/resources/deliverables
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Annex 21 Simulations with Climate Matching Tool
/I tAYFGS LINRP2SOGA2Y F2NJ 6KS NBIA2y SELRAaSR (2

Results Summary

Areas that currently (1981-2010) have a similar climate to that expected in
2021-2050 at the selected location (38.5919° N, 8.3706° W).

Note: Climate Difference scores closest to zero indicate the best match.
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Results Summary

Areas that will have a similar climate in 2021-2050 to the current (1981-
2010) climate at the selected location (38.5919° N, 8.3706° W).

Note: Climate Difference scores closest to zero indicate the best match.
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JEAYFGS LINP2SOGA2Y F2N) KS NBIA2Y G6AGK t26 S

Gﬁ:’.—"'-";ﬂu S Results Summary
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s w' _ * Results Summary

,..Parlﬂ. A

Areas that will have a similar climate in 2021-2050 to the current (1981-
' 2010) climate at the selected location (40.1505° N, 8.6121° W).

Note: Climate Difference scores closest to zero indicate the best match.
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Results Summary

Areas that currently (1981-2010) have a similar climate to that expected in
2021-2050 at the selected location (40.6032° N, 8.1379° W).

Note: Climate Difference scores closest to zero indicate the best match.
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Results Summary

Areas that will have a similar climate in 2021-2050 to the current (1981-
2010) climate at the selected location (40.6032° N, 8.1379° W).

Note: Climate Difference scores closest to zero indicate the best match.
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Results Summary

Areas that currently (1981-2010) have a similar climate to that expected in
2021-2050 at the selected location (39.6091° N, 7.4247° W).

Note: Climate Difference scores closest to zero indicate the best match.
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