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Features of Scots pine forest management

in Germany
Ecology, growth and robustness

Silvicultural systems

The question of high-value timber production

Continuous-Cover Forestry with Scots pine  nttpsi//de.wikipedia.org/wiki/Berlin

-Brandenburg
Resilient Scots pine forests and management for diverse
ecosystem services

Peter Spathelf Hg -
International Webinar cycle in Pine silviculture: 1. Scots pine &""&Ebe“"‘a'de

University of Applied Sciences



o

c

)

5 2
bo ()
T
c

T 35
& o
2 D
UV >
rnn
om &
D =
v = c
S og
n.anv
2S5
o =
Vg o
Y o
©
4 (&)
v Q
=
od

o

Q

L.

Mixed pine
forest, city

=
—
)
(a8
Y
@)
i)
(%]
)
S
@)
gy



Pinus sylvestris: a Eurasian tree species
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Scots pine:

the most widely distributed pine species in the World!

Source: http://www.euforgen.org/species/pinus-sylvestris/

5 Peter Spathelf
10.03.2022 International Webinar cycle in Pine silviculture: I. Scots pine



Pinus sylvestris

in Germany

Source: https://literatur.thuenen.de
/digbib_extern/dn055892.pdf

Northeast Germany (40-70 %)

Valley of the Rhine river

Center and northeast of Bavaria

Kiefer
Trakt mit Kiefer
®  Trakt mit Kiefer als Pionierbsumart
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Waldtrakt (ohne Kiefer)
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Scots pine:

fundamental and realized ecological niche

very dry

dr

moderately dry
moderately fresh
fresh

moderately moist
moist

moderately wet

strongly acidic acidic

10.03.2022

too dry for forests

many light-demanding species +
shrubs

2 physiological amplitudel
1 (fundamental niche)

limits to forest growth

e ecological amplitude

Quercus robur (realized niche)

Betula

too wet for forests

Source: Bartsch and

moderately ac. barely ac. neutral basic

Rohrig, 2016

HNE
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Regeneration guilds

Light demanding vs. shade tolerant tree species

Light requirements

Characteristics

Very light demanding

Birch, Lath, Scots pine, Abpen, Wild

cherry, Bla #lnculate oak

Light demanding tree
species

Pioneer tree species

Light demanding

Mountain pine, Black pine, White elm,
European ash, Sessile oak, Walnut

Semitolerant tree species

Pioneer tree species

Intermediate

Swiss stone pine, Mountain ash, Norway
maple, Field maple, Broad-leaved lime

Intermediate tree species

Shade tolerant

Hornbeam, Mountain elm, Sycamore
maple, Chestnut, Small-leaved lime,
Norway spruce

Semitolerant tree species

Tree species of climax

stage
Very shade tolerant Beech, Silver fir, Grand fir, Jew tree, Shade tolerant tree
Western red cedar, Western hemlock species

Tree species of climax
stage

9 Peter Spathelf
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Root development

From: Schuitz, 2002

Buche (Fagus sylvatica)

Fichte (Picea abies)

Scots
pine

(Abies alba)

Tree species with moderate root

energy:

» often with tap root (up to 8 m
deep) = resistant to storm;

 more shallow roots on clay soils,

when ground water level is high
= vulnerable to storm

HNE
Eberswalde
ty for Sustainable Development
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Total production of Scots pine

in the Northeastern German lowlands

2200 +

i ; | From: Noack, 2014 |
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Overyielding in

Scots pine and European beech forests

Results
e Standing volume +12 %, stand ‘ Relative productivity
density +20 %, stand volume 3
growth +8 %, compared to the
weighted mean of the i i"‘~~,~~~
neighboring monocultures 1 HA_T_
» Mixed stands carry more trees o
of a given size 6 8 10 12 14

-1
» Influence of site factors? Martonne Index [mm+C™]

Results from: Pretzsch et al., 2016 (triplet analyses); Pretzsch & Forrester, 2017

12
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Biodiversity - productivity relationship

— facilitation and niche complementarity

Eur J Forest Res

Fig. 9 Essential results of this (a) ' o (b) -
study in schematic 45 Productivity Productivity
representation: a change from
facilitation dominated
interactions to competition
along the gradient from low- to
high-productivity sites and : B
b observed site-dependent

relationships between A
productivity and species 10
richness (broken lines A, B, )
C for poor, mediocre and rich Eompaition
sites) and expected relationship
(solid saturation curve)
according to Korner (2002)

facilitation

' [

low Site quality high 1 2 Species richness n

-~

Figure from Pretzsch et al., 2013

HNE
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Growth of other pines elsewhere

Tree species Region Productivity
trop./subtrop. temp. regions iv [m8/halyr] rotation cycle[yr]

Eukalyptus Brazil, Uruguay Chile, SW of Europe 12 - 30 7 -10 (15)

Eukalyptus clone Brazil 40 - 80 6-8

Pinus elliottii + Brazil, USA 15-25 15-25

taeda

Acacia mangium South East Asia 8-20 7-10

Tectona grandis Costa Rica, Ivory 4-18 25 - 60

Coast, India
Populus Italy, France 8-25 7-15
Pinus radiata New Zealand 18 - 24 15- 25

diverse sources

Peter Spathelf ‘.’} HNE
International Webinar cycle in Pine silviculture: 1. Scots pine Sl Everswalde
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Thinning response

What is the response of pine stands after density reduction?

Total yield
A (cm) 5 rel A (m? ha')

N Strong pog, T moderate feg.
om0 TESPONSE 1 response |, ..|.response. ™

Dominant height Dominant diameter
rel A (m) 5% rel

100

* ¢
*
AR
rsecasatusnanessnnsnsansnnns b e, 3 p
1.0 \,"‘??'c:ﬁ:_g 1.0
- .4 L5
0.5 +- . - 0.5+ . - 05+ . -
min rel. stand density max min rel. stand density max min rel. stand density max
0.0 05 1.0 0.0 05 1.0 0.0 05 1.0

Figure 1. Reduction of stand density to 50 % below the maximum density (from relative density of 1.0 to 0.5) by spacing and thinning
from above significantly increases the height and diameter of the 100 tallest trees per ha but reduces the total yield (from left to right) on
the combined spacing and thinning experiments Weiden 611 in Scots pine till the stand age of 40 years (Nickel er al., 2007). The x-axis
displays the relative stand density (maximum=1.0 was 43 m*/ha), the left y-axis shows the relative growth reactions (characteristics for
fully stocked stands set to 1.0), and the right y-axis displays the absolute benefit and loss, respectively, in terms of height (m), diameter
(cm) and total yield (m*/ha) in thinned compared with unthinned stands.

‘thinning response hypothesis’
(also called Assmann’s theory)

15 Peter Spathelf
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Source: del Rio et al., 2017
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Pine wood utilization

Good for

e pulp and paper, fibre boards
e furniture

* building and construction

(engineered wood)

Stem disk, source:
HNE Eberswalde

Glued laminated timber;

Medium density
source: Klenk AB, Oberrot, Germany

fibre o?rd
16 Peter Spathel ‘.’} HNE
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Provenances

RHE BEL SFR BRA MAS LET

2. Quality and growth#
of provenances

10

g 2+ _+ vl
T _
£ 30 X =237 m*/ha
? 40
£
2 50
60
70
1. Storm damage 13.11.1972
(Noack, 2014)
. Not shown: drought resistan . . .
3. Not sho drought resistance International provenance trial Chorin 85
17 Peter Spathelf HNE
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Vulnerability of pine:
aspects and case studies

Bavaria, near
Nirnberg

Pine tréé Ipe mt,
South Brandenburg;
source: HNEE

18 Peter Spathelf HNE
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Key process:

resistance and resilience to drought

What do we know?
* jsohydric species
* role of ground vegetation

* epigenetics (results Pfynwald,
CH)

Photo: Rigling, WSL

19 Peter Spathelf ‘.’.) HNE
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Spiral model of tree decline
acc. to Franklin, 1987

recovery ..., healthy tree

drought
suppression

ICCOVETY

death

lllll
L] L] "

t"";r

bark
beetles

defense

¥

dominance competition
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Scots pine in Germany:
is fire a necessary factor for rejuvenation?
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» fire not necessary for
ecosystem development
(decomposing humus on
natural pine sites)

» fires are man-made (> 95 % of
burnt forests)

» number of fires drecreasing
(exceptions: hot and dry years
such as 2003 or 2018) due to
recognition and combat +
forest conversion

21
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I. Scots pine
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Il. Silvicultural systems

.~

Pine
regeneration
after forest fire,
South
Brandenburg




Silvicultural systems and Scots pine

Even-aged Uneven-aged (CCF systems)

Source: Larsen, 2008
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Shelterwood cut

§ Gutrdete

Tending

—

o ol bl

Mature Stand

1

Establishment Cut

000

Removal Cut

Biculture: 1. Scots pine

@ Jeremy Stovall

Establishment
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Scots pine:

a tree species with service functions

Source: Pommerening & Murphy, 2004

36 FORESTRY

Transpiration
Protection against

extremes of the weather

B

< =

z

= Nurse species

; {proneer species)

=

= e § Target species

v / § | (from underplanting
§ and’ or natural
3 o

regenerafion )

| Protection against
competing ground vegetation

Figure 4. The nature and functions of a nurse crop used in afforestation.

HNE
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Retention principle

Traditional Traditional
uneven-aged Removal even-aged
systems (more system (less
than 70% than 10%
Retention) Retention Retention)

100%
shelterwood cut

seed tree clearcut

Figure 20. In forestry there is a wide variation in the amount of trees removed at harvest. Traditional uneven-aged
management implies that most trees are left [approx. >70%), while in traditional clearcutting almost all trees are removed

(approx. <10% are left). Retention forestry embraces typically a gradient of retention between 10% and 70%. Source:
Modified from Franklin et al. (1997).

HNE
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Case study: natural regeneration
of Scots pine in NE Germany

31 Peter Spathelf ‘.’! HNE
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Excursus: mixed-species forests

(Bauhus et al., 2017)

* |ntimate mixtures / single-tree mixtures

e Spatial mixtures (small monospecific patches)

* Vertical mixtures (Plenter forest)

 Admixed species with service functions

—
>

> Trainer trees

» Nurse crops

monospecific patches
OO0 AAGO
OO AAGO
QOO AA i
Mutiple rows,
small groups

** Mixtures often do increase

oOoOo
4 4 2
e ®

single rows

stand productivity and enhance
ecological resilience

Contiguous growing space per species

OAO®
AOO
OA®

single tree, random

oompetitio;\

‘facilitation. tolerance

v' Good compromise: small-scale mixtures of tree species patches !

HNE
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Silvicultural practices

accord. to Puettmann, 2020,
adapted

Thinning
Fertilization

=~ + Pruning

Clearcut
Shelterwood

Pre-commercial
Thinning \

Release Variable Retention
Regeneration preparation
Planting
Seeding
Protection
38 Peter Spathelf HNE
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Crop tree concepts

Trees to be gradually Future habitat tree
removed to support

growth of crop trees

Patch that is
undergoing self-
thinning

From: Bauhus

et al., 2017 Future crop trees
Crop tree neighbourhood
= final crown dimension
39 Peter Spathelf
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‘Two-phase strategy’

for high-value timber production

|. Scots pine is a species with low apical dominance and strong
plagiotropic crown expansion = two quality strategies possible

Il. For a tradeoff establish From: Schuster, 2009

two consecutive stages:

1. Precommercial thinning: dense

P \
stand for reducing knottiness 7 b | |
-g ) 7 ’/" , . f
focus on quality 5 , | y
1 “ " .-,_\ /
2. Release stage: selection and w O Gy
thinning of e.g. 50-70 future crop J I
trees per ha (selective/crown
70

thinning)
focus on diameter growth

40 Peter Spathelf
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B is correct!
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Continuous-Cover Forestry with Scots pine
— an impossibility?

CCF with Scots
pine, Lorch
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time

Cleared land, : 7 5 T _

Salds Plantations with seeds and seedlings (artificial regeneration

A aiming at a defined composition of species not necessarily

pasturcs Degraded & ‘ > p p £OC o y
corresponding with the natural conditions of the site)

The question of forest conversion

soils and

forest stands,
wasteland

Succession to natural / y

2000

Secondary
coniferous
forests

7 (spruce, pine)

i N forests (re-growth of tree
(:;::;t:“(lli‘:i::]\?l species on abandoned land) Conversion and transformation Distance between
cutting: forest prazing. / from coppice forgsls or high x?an!ral and
lit t::r hmws“[mu) ' beech forests to high stands of artificial forests
= / conifers (spruce, pine)

fa

woodind for

ng of = / 0 :

with conifers)

Intentional change o? the composition

of tree spegl® by human activities G W

(clegg cuts followed by artificial
) regeneration)

time

>

46
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Natural forests . : - Natural forests
(pure deciduous Natural process of regeneration (selection (according to
forests or mixed system, coppice with standards) F the conditions

of the site)

Source: Johann et al., 2004 EFI, adapted
HNE
e

ntwicklung

Unser Name ist Programm




& ....\...lr.k&ﬁw).._ﬂ & T
?@n&.’- ..ﬁ.g.

= AR Y - @
K 3 VS 7 4 — =3
b B o O s: E
et 7 A )N . e <= £ =
S w el
- = XY: K
el 1 v
. - ) e
= o
J- Pl =
= 0 = -
] o
. A i
- = =
3 =)

=

85

tate

5 T TR T 0 S B g
e S B N e T

Iture: 1. Scots pine

in Pine silvicu

{
le

decades

International Webinar cyc

Peter Spathelf

since

Mainstream forestry,

O kv T 7 mvmv.,v. Ve

10.03.2022

S el

B IR E N TIAYE o M P g

.
K e oy,



%)
Q.
©
o]0
=

Ion

.:...»,h!.ﬂ ..,W : M

pA

regenerat

Advanced




Jay

Ion

ispersed by

ing and natural
d

regenerat

i)
-
it
o
| -
Q
O
C
>

v, D&
»

)




Forest conversion

e 3 groups of beech, 1 group

: l“""“"‘h
of Silver fir with 0.1 ha, in a spacing [ W

of2x2m ' Source: LWF, 2011
750 plantsx€2=€1,5k
* protection fence
4x100 mfence=400x€10=€4k
* slight soil scarification
soil scar. =€0,5 k What are the costs for

1 ha of underplanting?

Conversion of a pure Scots pine
stand into a mixed stand

Per ha:

Total: €6 k
HNE
50 Peter Spathelf ,
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Ba_dia m_q a pprOaCh Thinning according to target diameter

distribution curve

Parameters required:

g, basal area, dbh max
g
£
#
£ ] Selection cutting |
3}
(]
BHD d,; [cm] 'g V////A Thinning
(72}
» Typ M » Mutianz, Motzendor! E \\ Actual distribution before cutting
20 QS, \ == = - Optimum distribution after cutting
£ -g \
) 5
» 2
7]

10 18 26 34 42 50 58 66 74 82 a0 98
BHD d,5 [cm]

Typ Pilasselb-Schwyberg, Eim, Siat

’ Source: >
. 0 1
10 18 26 34 42 S0 58 66 74 82 S0 98 ZI ngg’ 20 1 2 } X
BHD d;s [cm] DBH
51 Peter Spathelf acc. to Ashton & Kelty, 2018 (@), HNE
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Basic precondition for CCF!

Maintenance of ecologically
compatible wild deer populations

o

HNE

Eberswalde

Peter Spathelf
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CCF

History (Pommerening & Murphy, 2004)

Selection of species of the natural forest
cover

Creation of mixed stands
No clear cut, promotion of natural
regeneration

Relevance of thinning, maintenance of
stable forests

" _ Rio, 1992
% Biolley, 1900 Start of certif- °
g Gayer, 1886 ication debate, o
— 9
E Gumsnd. 1989 Start of resto-
§. 1878 ration debate,
o) 1980 ¢
()
/7
. 7 v/4 .

Trad. selection
systems CH, F, D,
A, Slo

Time

s .

=4

53 Peter Spathelf
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Reduction of damages on soils and the
remaining stand
Retention of stand legacies
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Climatic robustness

Wald-Kiefer
185« . .
165 ' (Pinus sylvestris)

125+

Py

o

o
.

Climatic envelope

Scots pine in Germany

©w
o
.

=y
o
.

o
o
.

-h
o
k3

S
o
k3

Germany future

~
o
.

b A
o,
-

Jahresdurchnittstemperatur [°C]

Germany present

&
o,
L

85 Species range Scots pine From: Petretschek, 2019,

J75 475575675 775875975 1175 1325 1475 1625 adapted from Ko”mg’ 2007
durchschnittliche Niederschlage [mm/Jahr]
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Strategies for Enhancing Forest Resilience

Development stages in a natural forest

AU T

1. Stand initiation 2. Stem exclusion 3. Understorey re-<initiation 4. Old growth
initial stage }> intermediate sta§> , final stage >
v - _

Intervention Options linked to Enhanced Resilience

Species choice hdify thinning regimes Extended "rotations”

- genetics/provenance
New species introduced Modify harvesting systers l?lve rsify stand structures
(i.e., CCF)

Wider use of "minor” species

Mixed species Source: Wilson and Leslie, 2008

Assisted migration of native species L: : ,3“, J ’ L:f,
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Functional species diversity and resilience

Richness: 2 species
Functional diversity: High
Functional redundancy: Low

Richness: 5 species
‘ ﬁ Functional diversity: High
Functional redundancy: High
i acc. to Messsier et al., 2019

Fig. 1 Diagram illustrating in a simplified way the notions of functional diversity and redundancy within two stands. a Although it consists of
only two tree species, the upper stand has a high functional diversity because these two species have very different functional traits: e.g.,, one
species is an angiosperm, the other a gymnosperm. However, because of the large difference in the functional traits between these two species,
the functional redundancy is weak and if a species disappears, several particular functional traits will be lost. b The lower stand also has a high
functional diversity because it is composed of five different species, two gymnosperms and three angiosperms with relatively similar traits.
Functional redundancy is however high in this case and if a species disappears, functional traits will be maintained in the stand

= Principle of ecological insurance
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Assisted migration

Fig. 2 Conceprualization of the different forms of assisted migration
(Park and Talbot 2018). The movement of populations within the
current range of a species 5 generally defined as assisted popaulation
migration (APM) while moving mdividuals of a target species just
outside its range to cope with changing environmental conditions is
termed as assisted range expanson (ARE). Assisted speces migration
(ASM) occurs when a species is moved far outside its current
destribution range. Less controversal than ASM, APM and ARE have
already been adopted in seed transfer guidelines in many regsons of
the world (Pedlar et all 2011; Konnert ot al. 2015). Although it may
involve sulbstantial changes in policy and public perceptions, ASM
might be a viable option to introduce specific functional traits and
increase resilience in particular forest regions

Assisted migration

= planned migration of tree species or
provenances into climatically more
suitable regions

Examples with pine in Europe:

APM: Scots pine provenances from
southern to central Europe

ARE: Scots pine, on most sites in
Germany

ASM: P. ponderosa, as an introduced
pine species from abroad

Source: Messier et al., 2019
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Response of Scots pine to drought and thinning

resilience
D \ Resistance and resilience of Scots pine,
| 1971
. Yfp—— .  after drought
8 1L ! 1959
o |
'g | Preliminary results:
1.0 - )
§ * Jow resistance in 1976 and 1991
B 1976
& 08 lga1 * higher ecological resilience at young
ages (correlated with thinning
0.6 - , \ S £} intensity)
PraTr Hekenjahe PostTr
* decreasing resilience after several
drought year, e.g. 2003 drought years

. Source: Stubenazy et al., 2020
resistance
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Management for diverse ecosystem services

* NTFP: e.g. resin, mushrooms, berries
* Soil fixation on dunes

* Water infiltration

e Soil nutrient sustainability
 (Cstorage

* Biodiversity

e Recreation

. [N N ]
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Other relevant pine species

in Central Europe

* P.strobus?

* Mountain pine ?
e Cembra pine ?

* Austrian pine ~

 Ponderosa pine ?

. [N N ]
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Lessons learnt about Scots pine

1. Second most important conifer species in Germany
(Central Europe), pioneer tree species, less
competitive

2. Susceptible to biotic pests in pure stands, recently
declining robustness due to drought

3. Future in mixed forests with oak, E. beech and
Douglas-fir: further conversion of pure stands
needed

4. Management option: from a mass product to high-
value timber, other ecosystem services

5. Difficult to manage in CCF or retention systems

HNE
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Thank you!

Contact:

Peter.Spathelf@hnee.de
(www.hnee.de/Spathelf)
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