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Forest research s




/’ Waldwachstum
/ Systemanalyse

Classical measurement of tree asidnd structure
Calculating volume and volume growth
A full rotation
Few species; mainly pine spruce birch
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Experiments or
simulations?

BengtJonsson
1962

Growth
functions for
Individual trees

50: 8 OM BARRBELANDSKOGENS VOLYMPRODUKTION 9

Tﬂtalpl'nduk‘t inn
Tolal yiald

gran
Norway soruce
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tall
Szots pine

Svag bonitet
Low site quality

produktionsvinet | God bonitet
vield incremsea | High =ite quatity

Fig. 1. Schematisk bild visande totalproduktionen i rena och stamvis blandade bestind
p4 olika boniteter.
Principle cutling showing the tolal yvield of pure and individually mixed stands for various site
gualities,
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BengtJonssorexperiments
2 sites
10 blocks

pine - spruce mixture pine/spruce

Arjeplog

Lat65 N 500 mas|
SI=T16, G14
Planted 1975

Framlingshem
Lat 60 70 mas|
SI=T27, G24
Sown 1956/57

Establishing the experiment
1961



Framlingshenafter 41 years
Volume production

Pl == pilMI
""" M oo SP 1 , Pure pine

O~ (PI+SP)2 --4- spIMI
Mixed pine/spruce
Pine in mixture

. (Pure pine + pure spruce)/2

Total yield {m”ha™)

Spruce in mixture

—— Pure Spruce

Block number

Fig. 4. Block means of total volume yields up to and
including 1999 (see Table 5).
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Fig. Ha. Total stand valume in 2006
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Fig. 11y Stand volume of pine and spruce, respectively, in the Mived stand in 2006
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Fig. 4. Block means of total volume yields up to and
including 1999 (see Table 5).
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FiskebyAB planting mixtures later

create pine- spruce — mixture
pine/spruce

4 experiments
Not complete

Pine—mixture pine/spruce

Pine— mixture pine/spruce
Spruce-mixture pine /spruce

Pine— mixture pine/spruce
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Mixed standspine and spruce
volumegrowth and totalproduction

PAIl 18 years

Volumproduktion, m3/ha

d—
et
pese™®
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prat 1@ R ot \EAR
besiﬁ“d en e ef b‘oﬁ‘-“éﬂd

Figur 6. Volymtillvaxt under 18 ari tvé experiment
med tall och gran i rena och blandade bestdand.
Forsoken ligger i Ostergdtland och var 18 resp
24 &ar nar experimenten startade. Bestédndens
olika fradslagssammansatining skapades genom
réjning eller gallring. Varje stapel representerar
en parcellom ca 0,1 ha.

Volumproduktion, m3/ha
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Mixtures with birch




MIXTURE
BIRCH AND
SPRUCE
ASASMALAND

Figure 1. Experimental design.
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Dominant height (m)

20
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Management of mixeg@prucebirch stands

—m—B.00 Spruce
—eo—B.20 Spruce
—4—B.50 Spruce
—0—B.20 Birch

—~4— B.50 Birch -

Dec. Dec.
2001 2007

Growing seasons
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Birch shelter + spruce "Kronobergsmetoden”
Management in 3 steps

Steg 1 - Utglesning av bjérkslyet till 1,5-2 m.

Ldvet roit - Stea 1

Steg 2 - Utglesning av lévskdrmen till 2,5-3 m.

Fare atgard

Skirmen utglesad - Steg 2

Fore atgard

3 ; o sle |
XS S N

Skdrmen avvecklad - Steg 3



Volume yield birch shelter+spruce (Tham 1988)

2500 Norway spruces per hectare
2500 Granar per hektar

HE

Total volume, m?
Total volym, m’ sk

0 600 800 1000 1200

Number of birches in the shelter
Antal bjorkar i skdrmen

Approx. 50 extra m3/ha (birch) correspondto 5 & 10 % higher volume
yield over a rotation compared to spruce



Simulations growth and yield




Principles of growth

simulator

Generation of
tree height and age
(Appendix A)
(Nystrom & Siderberg, 1987

v

Predicted height growth

e at tree level

(Fahlvik & Nystrom, In prep.
¥

Predicted growth
reduction due
to damage
(Néslund, 1986)

v

Calculation of tree
height at the end of the
S-years period

Target dominant
height of spruce
achieved

Generation of
diameter

{ Fahlvik & Nystrom. In prep.)

Fig. 1. Principles of the growth simulator.

-t



Growth and yield simulators

NFI data
“Great Yield Investigation”

Individual trees  Stand level

EkO 1985 NFI data, stand level;
pine, spruce, birch, mixed stands, oak, beech

Agestam 1985 GYI data, stand level;
mixed stands, pine spruce birch,



o growth and yield simulators give reliable

results?
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Mixed stands pure stands SI= T16, T20 EkO 198

Omride nord

Nogtlena it v aeideh

Er1ig medel- Erlig medel-
tillvaxt tilivaxt
Blandn.forh. (m?sk/ha) (mosk/ha)
Felutive Relativ 8rlig medeltillvixt Mgan el Relativ arlig medeltillvdxt T RN
composition Relatizemean wonal grouth growth (m®/ka) helatule mean anmedd growis growti (md, mu,
SI: H100g 1y (16 m) S$I: HL004,17 20 (m)

Site inder ping 5ite index pine

1:0 42 69 87 99 3.1 50 69 88 3.9
Gran - tall 31 57 8l 92 99 3.1 66 B6 102 4.4
Spruze - pine 1;1 B85 94 98 101 3.1 87 95 102 4.6

1:3 94 98 100 101 3.2 96 99 101 4.6

0:1 160 100 100 100 3.2 100 100 100 4.7
Total3lder (dr) 60 80 100 140 50 70 130

Total aye (years)

1:0 52 70 78 80 2.5 53 64 66 67 68 3.9
Bjdrk - tall i:1 69 90 103 104 .2 74 B8 94 95 96 4.4
Bireh - pine 1] 84 99 105 106 3.3 88 86 98| 100 99 4.6

1:3 94 101 105 106 1.3 96 gg | 100/ 100 100 4,7

0:1 100 100 100 100 3.2 100 100 \100/ 100 100 4,7
Totaldlder (&r) 50 70 110 130 40 60 80 100 120

Total age (years)

1:0 148 108 84 81 2.5 120 78 3.1
Bjdrk - gran 3:1 116 98 83 82 2.5 111 89 3.5
Firoh - apruce 1:1 109 97 89 89 2.8 108 08 3.8
1:3 102 95 90 90 2.8 100 97 3.8
0:1 100 100 100 100 3.1 100 100 3.9

Totaldlder (dr) 60 80 120 140 50 130

Total age (years)



Mixed stands pure stands Sl= T24,

Site inder pine St Tnder pive

1:0 43 58 65 70 74 5.2 42 71 81 a5
Gran - tall 3:1 68 76 74 a2 85 6.0 56 86 92 94
Spruge — pine G | a0 87 90 | 93 6.9 80 921 94 g5

1:3 9z g5 95 96 97 7:2 92 96 98 98

0:1 100 100 100 100 100 7.6 100 100 100 100
Totaldlder (dr) 40 60 BO 100 120 I 50 70 90
Total gge (years)

1:0 63 60 63 64 64 4.9 85 76 79 a1
Bjork - tall 3:1 73 78 B2 82 83 6.1 16 90 93 94
Sfran = oore 1:1 83 88 90 90 91 6.8 74 95 98 100

1:3 89 94 95 9% 96 7.2 a7 94 97 99

0:1 100 100 100 100 100 7.6 100 100 100 100
Totaldlder (&r) 30 50 70 90 110 20 40 60 80
Yotel age (years)

1:0 137 106 94 92 87 4.9 182 110 98 94
Bjark - gran 3:1 139 113 104 99 94 5.1 111 99 97 96
Eliprk = nrpuo 1:1 124 111 105 102 97 5.2 134 102 98 96

1:3 116 108 104 101 99 5.2 161 106 98 96

0:1 100 100 100 100 100 5.2 100 100 100 100
Totaldlder (ar) 40 60 80 100 120 30 50 70 30

¥ e oy )
STl age (Hedrsy
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Mixed stands pure stands Sl= T16, T20 sout
Sweden

Soufherm Sueden

Er11g medel- Br1ig medel-
ti] 1vdxt ti]lvdxt
Blandn. férh. {mosk/ha) (m4sk /ha)
felative Relativ arlig medeltillvixt Mean armial Relativ drlig medeltillvixt Maan amued
eomposition Aelative mean armual growth growth (mS/ha) felative mean amual grouth growth (mt/hal
S1: H1004,7y (16 m) SI: HL00p,11 20 (m)

Site fnder pine Site index pine

136 120 98 88 B2 130 93 81 76 73
123 111 92 84 80 122 S0 79 76 75

3.9 4.9

Tall - gran 3.7 4.7
115 107 92 86 83 3.8 114 98 B7 89 82 5.1
4.3 5.9

4.4 6.2

Bine - apruce
102 106 101 98] 97 101 102 96 95 99
100 100 100 0o/ 100 100 100 100 100 100

Totaldlder (dr) 50 70 5% 110 130 40 60 80 100 120
Total age (years)

= T N
e wEa L 4
[ ]

1:0 47 43 45 47 51 1.9 46 49 48 50 52 2.4
Bjork - tall 3i 64 70 83 89 93 1.4 68 87 93 g5 97 4.5
Bireh - pine 1:1 BO 81 86 B9 90 3.5 B4 Qb g8 99 102 4.6

1:3 91 91 93 93 o4 3.7 94 95 a6 97 98 4.6

0:1 100 100 \WOO/ 100 100 3.9 100 100 100 100 100 4.9
Totaldlder (&r) 50 70 110 130 40 60 BO 100 120
Total age (years

1:0 63 51 42 42 1.9 60 46 39 13 a8 2.4
Bjork - gran 3:1 69 66 65 65 2.9 GR 64 63 62 62 3.8
irak - gpruce piy 74 82 B4 B3 3.7 78 81 83 81 B0 5.0

1:3 88 96 g0 B9 4.0 a8 g1 g0 B9 88 5.5

0:1 100 100 100 100 4.4 100 100 100 100 10O 6.2
Totaldlder (&r) 50 70 110 130 40 60 80 100 120

Twtal age (years)



Mixed stands pure stands Sl= T24, T28 south
Sweden

51: Hluutﬂ11 24 (m) sl: ngﬂta]] 28 (m)
Site index pine Fite inder pine
1:0 144 102 92 85 Bl 7.3 114 a7 77 72 68 9.2
Tall - gran a4l 134 99 a1 88 B85 P 108 87 74 76 73 9.2
Fine = gpruze 1:1 123 99 92 90 88 7.3 106 g1 85 82 81 9.8
Lis 105 102 100 99 99 8.0 101 99 98 97 97 1.1
0:1 100 100 100 100 10O 8.1 100 100 160 100 100 11.4

Totaldlder (&r) 30 50 70 90 110 30 S50 70 80 110
Total age (yeara)

1:0 57 60 60 62 63 4.3 70 76 76 76 76 7.0
Bidrk - tall 3:1 64 78 81 83 85 5.7 79 91 95 97 100 8.2
Bireh - pire 151 B0 87 B8 B9 91 6.4 87 95 g8 101 105 8.8
B 87 92 92 94 95 6.7 91 95 98 101 105 8.8
0:1 100 100 100 100 100 7.3 100 100 100 100 100 9.2

Totaldlder (ar) 30 50 10 80 110 30 50 70 90 110

Total age (years)

1:0 83 bl 55 g3 51 4.3 70 76 0 76 76 7.0
Bjérk - gran s a0 70 71 70 70 5.6 79 a1 95 97 100 8.1
Bireh - gpruce 1:1 86 B2 83 82 B2 6.5 87 85 98 101 105 9.0
1:3 a8 g2 92 92 92 7.4 91 95 98 101 104 10.6
0:1 100 100 100 100 100 8.1 100 100 100 00 100 11.4

Totaldlder (dr) 30 50 70 80 110 30 50 70 90 110
Total age (wears)



Spruce- pine pure and mixed north Sweden
Agestam 1985

Sl 720 G18,5 Sl 724 G22,5
Omloppstid 120ar Omloppstid 110ar
Rolation, years Total produktion Rotation, years
Total produktion Total yield
Total yield m3sk/ha
m3sk/ha
600 J L 600 600 ﬂ\—_'\rﬂL— 600
fotalt fotal N /
500 1>~ ( 500 500 A ! i 500
\\\ \\ @
. N /
A / ‘\ <,
400 ¥ - 400 400 S/} 400
\\ B / 1 % f
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- \\ // \w
0 — ; — 0 0 — n ; 0
100% tall 50% 0% tall 100% 1all 50% 0% tall
pine pine pine pine
0% gran 50% 100% gran 0% gran 50% 100% gran
spruce spruce spruce spruce

Figur 24. Produktion av tall och gran enligt produktionsmodellen. Barrbestidnd i norra Sverige med varie-
rande tradslagsblandning | utgéngslaget. Tradslagblandningen avser procent av stamantal per ha.

Yield of pine and spruce according to the growth simulator. Coniferous stands in northern Sweden, varying
mixture percent of stems of pine and spruce in initial stands



Spruce pine pure and mixed south Sweden
Agestam 1985

St 520 a2 S| T24 G27
Omloppstid 110ar : .
Rolation, years %ﬂ%ﬂ?;ﬁmmo ar
Total produkfion
Total yield
m3sk/ha - 700
Total produktion
Tolal yreld L 600 — | totalt potal 4655
m3sk/ha / F
\\ /
00 - 500 \
5000 1t ool 500 1 N\ g, / - 500
/ <
A 400 Rk o
400 | N\ £ T 400 - . - 400
~ Oé' b3
\\\'q% / L \\ / L
300 - Sl 300 g A \ 300
\_\ / \
\\ \\
200 "1 o){‘z / \\ =~ 200 200 T égl / \\ L 200
R / \\ K / \\
0(\/ N\ §/ =
00 4 ¢ N | 100 1 & v L
7 % 100 ¢, \ [0
/ N /S \\
0 ;‘—r._._-h—'_"j 0 0 T W= T 0
100% gl 50% 0% tall 100%tall  50% 0% tall
pine pne pine pine
0% gran 50% 100% gran 0% gran 50% 100% gran
spruce spruce Briics S uce

Figur 25. Produktion av tall och gran enligt produktionsmodellen. Barrbestdnd i sodra Sverige med varie-
rande tradslagsblandning av tall och gran | utgéngslaget. Tradslagsblandningen avser stamantal per ha.
Yield of pine and spruce according to the growth simulator. Coniferous stand's in southern Sweden, varying
mixture percent of pine and spruce In initial stands.



Mixed standswit birchvs purestands
(Mielikdinen 1981, 1985, Agestam 1985)

Tradslagssammanséttning Total produktion Omloppstid, Medeltillvaxt, Relativ
(m3sk/ha) ar (m3sk/ha, ar) tillvaxt

Tall 615 80 7.7 100

Tall - vartbjork (bjérken kvar) 612 80 g

Tall - vartbjork (bjorken gallras ut) 625 80 7.8

Vartbjork 493 80 6,2 80

Gran 527 85 6,2 100

75% gran - 25% bjork 547 85 6,4 04

50% gran - 50% bjork 550 85 6,5 104

25% gran - 75% bjork 549 85 6,5 104

75% barrtrad 50% barrtrad

Standortsindex Behandling av bjork 100% barrtrad 25% bjork 50 % bjork
yaN
T20 - B17 Bjork kvar 100 9 8
Bjork gallras ut 100 98 /gdf\
T24 - B19 Bjork kvar 100 (102 102
Bjork gallras ut 100 100 98
G22 - B19 Bjork kvar 100 92
Bjork gallras ut 100 97

97
98

G27 - B21 Bjork kvar 100 Y}fy 88
99

Bjork galiras ut 100 6
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Individual trees,
simulation
different mixtures
birch and spruce
Fahlviket al 2005,
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Fig. 9. Relationships between (a) total volume, (b) spruce volume
and (c} birch volume after 15 years simulation and average height of
birch at the start of the simulation. The volume in pure spruce stands
is represented by the horizontal lines. Abbreviations as in Table 4.



Longterm experiments
with
pure and mixed forest
sideby side

Lappland (talgran)

Umea (gran under bjork)

Gavle (talgran)

Finspang (talgran)

8 sites in Gotaland (gran under bjork)
Brudahall (grarbjork)
Tonnersjéheden (grabjork)

Snogeholm landskap laboriet (ren bok, ek och
gran skog i jamforelse med olika blandningar)



Meta-analyze permanent plots (experiments)
with mixed stands in Europe

Swedish caprdinator Lardrossler

Many plots with mixed stands in Europe

Few experiments with pure and mixed stands side by
side

Today 60 exp. ~30 complete (“triplets”)

Ongoing “networking”
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Why mixedstand® Somegoodreasonsoften

discussedn forestry

Less damages

— Frost damages
— Root rot

— Wind damages

Lower risk ("not all eggs in one basket”)
Better economics

— Possibilities for earlier income

— Sometimes lower regeneration cost

— Sometimes lower intensity in silviculture
— Possibilities for better quality

... and nature values, recreation and ...

But today we don’t think mixed stands increase volume production



Whynot mixedstand¥
Someproblems and drawbacks

* (Sometimes often) expensive regeneration (sometimes not!)
 Expensive and complicated silviculture/management/planning

» Lack of knowledge and experience






* Dr Google say : w(th some help)-

To what extentmixed stand®ccur in natural
forests due to essential part of climate and
site conditions. ......

The better the soll, the greater the prospects
for the emergence of mixed stands and the
several species occur therein. On the bette
sitesmay namely several species their
claims to satisfied.



Managemanebdf spruceand birch

Birch are not
lacking in
young forest
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