Solution for climate-smart forestry of
Norway spruce (Picea abies)
combining tree breeding and silviculture
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Norway spruce (Picea abies): background

One of the most important coniferous species in

| i =
Europe both from an economic and ecologica i Bérd Tart
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point
Main products of economic interest - the solid
wood for timber constructions and pulpwood f
paper
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Long-term breeding programs (especially, in
Nordic/Baltic region) since the middle of 20th
century = 10 — 30 % gain in growth traits

19a - R
$ atvia

Rezekne

jekabpils

Siauliai
Dai:gavpils

Panevélys
Lithuagia! | ... globalforestwatch.org
Source:
EUFORGEN



Tree breeding In the context of climate change [{i}]

SILAVA
.

* Precise clone-specific growth
predicitons for optimal management -
shorter rotation

Conifer

Defenses
Genelics

« Improved resistance to risks

» Genetic control of climate-sensitivity

Biotic risks
‘ bark beetle

MANAGEMENT

Breeding
Silvieulture

Abiotic risks
dr‘nuﬁh't
wind

Intensive management of selected,
well-adapted (for potential future
climate) clones

Mageroy et al. (2023)
https://doi.org/10.1007/s40725-023-00201-5
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A case study
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Low density (5 x 5 m) plantation

Vegetative propagules of 20
clones

Fertile mineral soil with medium
moisture regime (SI1=36)

Mean target diameter for final
harvest reached (= 31 cm)

Measurements (H, D) at the age
of 50 years

Radial increment cores from > 200
trees
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Clone-specific @]
growth patterns SILAVA

Clone 24
- Based on radial increment cores
< - cione s
» Clone significantly (p < 0.05) affect the Clone 53
asymptotic DBH and the rate and shape
parameters of the Chapman—Richards = & -
diameter-age model —
T o _
* The estimated CV for the DBH model o«
parameters — asymptote, rate and shape:
11.0, 17.1 and 11.9%, respectively. 2 -
o
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Norway spruce: growth
VS wood density

Sufficient wood density = reducing risks for
drought induced stem cracking
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« 55 years old clones

« Sample trees (35 ramets
of 4 clones with different

productivity) for
destructive analysis

* Height increment
reconstruction




Norway spruce: | Showgrowkng clone
climate sensitivit o I 1L
4 : myp oy v
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* The long-term weather
sensitivity of inter-
annual height increment
Indicates higher
tolerance and
resistance to weather
fluctuations for
productive clones -
the potential to maintain
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Concluding remarks Saian

* The substantial genetic variation in growth rate, shape and
asymptote suggests more precise selection potential for not
only final dimensions, but also desirable pattern of diameter
growth trajectories.

 Selection of genotypes with sufficient wood density is important
for both timber quality and resistance to stem cracking induced
by droughts

 Fast-growing clones show promising results of higher tolerance
and resistance to weather fluctuations = crucial for uncertain
future climate
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The importance of tree species diversity
for the resistance of planted forests to
invasive insect damage
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Hervé Jactel, INRAE, France

5th International Congress on Planted Forests — Nairobi — 7-10 November 2023
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Ever more biological invasions around the world

INVASIVE ALIEN SPECIES
AND THER CONTROL

Good quality of life
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Same trend for invasive forest pests
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More forest insect invasions due to sharp
increase in globalization and international trade
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Are planted forests particularly vulnerable to
invasive forest pests ?

- Over 95% of planted forests are monocultures of trees
- Large outbreaks of insect pests in plantations but very
few records in highly diversified (tropical) forests

Are pure forests more vulnerable to invasive
forest pests than mixed forests?



Annual Review of Entomology

Tree Diversity and Forest

Resistance to Insect Pests:
Patterns, Mechanisms
and I”t‘mpcfh

Hervé Jactel,' Xoaquin Moreira,’
and Bastien Castagneyrol'

Ratio = (damage ;.4 / damage )
Ln(ratio) negative: less damage in mixed stands



Significantly less damage to a tree species by an insect

pest when this tree species is managed in a mixed stand
than in a pure stand.

254 18 insect sp. 36 insect sp.
o
2 e
88 00r--n--- eI I
2w .80 ¢ oo % @ Diet
& § ‘ % — e generalist
22 0°0q 4
3% o specialist
T o  unknown
>8
ze
[V o
& 259 @
$
[
Exotic pest Native pest

-32% - 20%



Mixed planted forests more resistant to pest damage,
for all insect trophic types
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Effect sizes + 95% C|

Mixed planted forests more resistant to specialist insects

24 {a) Menophagous
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Main mechanisms of higher resistance in mixed forests

! Habitat and
alternative resources Enemy free space

SEARCH AND FIND > CHOOSE > CONSUME >

Host frequency Host physical and Indirect trait Tree-tree communication
and concentration chemical apparency  mediated effects and induced defenses




Take home message #1
Pure planted forests are more vulnerable
to both native and exotic insect pests




Take home warning message #2
Increased risk of damage from invasive
insect pests for global monocultures
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Let’s diversify planted forests!

Amazonas et al. 2018
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o @4 5" INTERNATIONAL CONGRESS
A ' A ON PLANTED FORESTS

The nonlinear relationship between tree species richness and top soil
organic carbon (SOC) stock in a subtropical mixed-species planted forest

Hui Wang
Co-authors: Zhanchao Song : Jingxin Wang - Yujing Yang - Jian Wang - Shirong Liu

Ecology and Natural Conservation Institute,

Chinese Academy of Forestry (CAF), Beijing, China




Tree species diversity or tree species composition on carbon stock in planted forests?

|
l Received: 15 Janusry 2018 | Accepted: 23 October 2018
, s :; ' /‘ | DOL 10.1111/1365-2664.12308
L e \. ) ,.X E : | researcH ARTICLE Iournal of Applied Ecology
Forests a7 = : e s . " .
b 3 I |dentifying the tree species compositions that maximize
&’ B | ecosystem functioning in European forests
'T.ree spe‘éles nc;{ness (92) : | = i E:;
Global effect of tree species diversity on forest productivity. Ground-sourced data from 777126 | o B - - = "I
hrs vl Bas: [ |
= . —— . I . | |
Plant diversity enhances productivity and soil . : I I |||II ‘M1 'Illl
carbon storage i —"""“Th' "'I'“"'""I'I'I
Shiping Chen™'. Wanteng Wang™ ", Wenting Xu™', Yang Wanrg™", Hongwel Wan™', Dima Chen®, Thiyao Tang®, I " B I "
®uli Tang®, Guayi Zhou®, Zenggisng Mie®, Daowei Thow®, Thouping Shangguan®, Jisnhui Huang®, Jn-Sheng e, . "y : Ftat A M
Yanfon Wang®. Handong 5-l1ﬂl:lgh. Lizong Tang', Xinreng LY. Ming Dong®, Yan W', Qiufeng Wang™, Zhihang Wang®, I 3 5 T AEEE ¥ -
liangues W™, F. Stusrt Chapin B%, and Yongfe Bai* I i 1 _'i j- | | - "; |' ! ;
i ' ] LR 1 BERE
I 1 i 2 kY L JEEE

[J The species richness of trees in planted forests is not as complex as that of natural forests.

[d Therefore, the optimal tree species richness required for increasing the carbon stocks
during the establishment of planted forest stands needs to be further explored.



SOC stabilization is still poor understood as soil ecosystem is extremely complicated

GEOLOGY

Science 2008

An Uncertain Future for Soil Carbon !
1.

Susan E. Trumbore and Claudia l. Czimezik

INPUT\' o - .
~ - Species
Net primary\‘ “composition

productivity | "

SOC (kg m=)
=<2
/a2

[ —
== 8=12 ‘
- 12-16

- 1620

_ 2040

050

. 50-120

. e

l‘-!' -75.

?“ |

. OUTPUT
,_,'\ b ~_ % Oxygen J
> Soil ' o Sphﬂttte quality
|carbon |
St&;ks cmocsa;&ecuon
b \ Enzymes and _ v
inhibitors ..

-

(DOC, POC and DIC |

Davidson, 2006, Nature

SOC intrinsic chemical stability.

Soil aggregates physical protection.

Metal oxide and clay mineral interaction with

SOC.

(Sollin et al., 1996; Rovira & Vallejo, 2007)

Environmental and biological controls predominate
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B We hypothesized that after 40 years of afforestation,

1. Tree species richness would be positively correlated with the SOC stock in
the planted forest.

2. Tree species richness would affect the SOC stock through the biomass and
quality of leaf litter and fine roots, and the communities of soil bacteria and

fungi. o e mm

Decomposition

Root | <+ litter

|

|

I Diverse species planted forests
|

l «—>

|

|

|

/ L Pattern  ERSSRRRLAN \

Fungi Bacteria

Supporting planted forest multiple
purposes management

(Research framework)




Study area——South subtropical China

] Based on field observations from a subtropical mixed-species planted forest, which was
established 40 years ago through a mosaic pattern of afforestation and natural regeneration.
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Study results

Soil organic carbon stock (kg/m?)

4.04

3.54

3.04

2.04

R*=0.20 P=0.008 AIC=T71.27
Y=0,05X*+0.432X+2.428

A 5

Tree species richness

L1 The quadratic relationship between
tree species richness and top SOC stock.

L1 The threshold of tree species richness
appeared between four and five.

Wang et al., 2022, European Journal of Forest Research



Study results

I'ree species richness

-0.369*

-0.403*%*

] Tree species richness affected SOC
stocks primarily by increasing the

Leafl litter biomass

Fine root biomass

Leafl litter C/N

Fine root C/N

guantity of leaf litter, and while

R*=0.118 R*=().227 R*=0.136 R*=0.163
F _Chao B Chao
R*=0.230 R*=.547
-0.433*
0.278*
S H Ar /
o ‘\':’";/:) . Soil A/OA
R=0.234 R*=0.473
0.261* 0.267
Soil organic carbon stock | gg =

R*=0.497

Fisher's C = 44315, P=0. 111, AIC=130.315

decreasing the quality of leaf litter
and fine root.

] Tree species richness changed the
chemical composition of SOC by
affecting the chemical composition
of the plant carbon, and soil
bacterial diversity, thereby affecting
the carbon stock.



Leaf litter biomass (g/m?)

Study results
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] The trade-off between leaf litter and
fine root carbon sources contributed

150 "@ R=023P<0001] E **Ta)
(b) E; |
® - 404
120-' -5‘5 ‘
% 3.5
® e
-
90 - ) § 3.04
- ‘ ® £ s
“ .___1
6018 & § § e g J
® § 2.0
2 4 6 8

Tree species richness

R*=0.18 P =0.003]

34 36 38 40 42 44 46 48 50 52 54

O-alkyl C (%)

'(b)

R*=0.18 P=0.003

to the quadratic relationship
between tree species richness and

SOC stocks.

12 16 20 24 28 32 36 40

Aromatic C (%)

0 The chemical composition of recalcitrant
SOC facilitates the enrichment of SOC

stocks, whereas labile SOC has the

opposite effect.




In summary

1.In the study planted forest, the mixing of moderate numbers of tree

species can achieve a higher SOC sequestration level than mixing fewer or

more tree species.

2. The quadratic change in SOC stocks with increasing tree species richness

could be a result of a trade-off between leaf litter and fine root C inputs in

the mixed-species planted forest.







Creating smart
landscapes for
Improving ecosystem

- services in forest
plantations at tropical
- region

Prof. Silvio Ferraz
University of Sao Paulo
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Monitoring network

35 Experimental catchments
10 Forestry companies
6 Biomes

220"' Hydrological years monitored
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http://www.veracel.com.br/
http://www.klabin.com.br/
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Key questions

*|s it possible to attenuate effects of forest
management by landscape planning?

*How to design landscapes in order to improve
ecosystem services and still maintain high productivity
in fast wood plantations in Brazil?



Smart landscapes by forest management
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Increasing water regulation
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Reducing water use

Ewcalyptus
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Smart landscapes by managing reserves

No Riparian Buffers; high land occupation; Low

conservation value reserves

//

RIPARIAN Buffers; LOW land occupation; Low

conservation value reserves

No Riparian Buffers; LOW land occupation; Low

conservation value reserves

RIPARIAN Buffers; LOW land occupation; HIGH

conservation value reserves

Ferraz et al. (2014)



Improving water quality
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Reducing water use

Annual ET (mm)
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Supporting biodiversity
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Ferraz et al. (2014)
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Final Message

S o Water is still one of most important concerns of people regarding
= forest plantations in Brazil;

-

=

= * Ecosystem services provision is highly dependent of forest
management decisions;

* Landscape planning seems to be a good option to reduce effects,
increase ecosystem services and maintain wood productivity.

*Brazilian environmental law and forest certification enforced fast wood

plantations in Brazil to move in direction of a more sustainable
landscapes.
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