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Traditional silvicultural systems

Operation Correia & Oliveira (2002) Louro et al. (2002) Costa et al. (2008)
@ial density 625 ha? 500 to 600 hat 208 to 400 hat
Beating up Between one and three years after installation if applicable (plantations)
Removing 1/3 of branches:
Between 8 and 12 years
) ¥ Removing 1/3 of branches:
Remove branches without Between 20 and 25 years
i i . Between5 and 6 years

Pruning female flowers Removing branches that don't produce

(no prescription)

female flowers:
Between 35 and 40 years
Between 50 and 60 years

Betweenl1l0 and 12 years
Between 20 and 25 years

10 years till 500 ha?
15 years till 300 hat
31 years till 100 hat

Betweenl5 and 20 years old 440 hat
Between 20 and 25 years old 352 hat
Between 25 and 30 years old 281 hat
Between 35 and 40 years old 225 ha?

Between5 and 6 years old

Between 20 and 25 years old
(noinformation about densities after
thinning)

Einal density > 100 ha 225 hat Between 100 and 120 hat
Z Einal cut > 80 years old Between 80 and 100 years old Mo information

Is the traditional way of managing Pinus pinea stands for cone
production the best option?
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Highlights from Pinus pinea
research plots in Portugal



Available data

Network of 77 permanent plots established &,

in the most productive region of Portugal
12 sampling years
Sampled 5839 trees
Collected:
More than 286 thousand cones
More than 73 tons of cones
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Cone production at tree level — relationship with tree size
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Cone production at stand level — total cone weight vs G ha™
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Cone production at stand level — total cone weight vs N ha!
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Cone production at stand level — avg cone weight vs G ha?
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Case studies
Young naturally regenerated stand
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2004/05 28.9

2005/06 180 30.3 43 60
2006/07 358 323 49 60
2014/15 587 442 9.2 60

Wc — cone weight per hectare G — Pinus pinea basal area
dg — quadratic mean diameter N — Pinus pinea density

Crown projection and cone weight (kg) in
each tree at the 2014/15 sampling period
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Pinus pinea tree

Q Quercus suber tree 10



. Crown projection and cone weight (kg) in each tree
ca 5€ Stu d 1€5 at the 2006/07 sarryg period (before thinning)

Adult naturally regenerated dense stand

24 9
Crown projection and cone weight in each tree (kg) at the
2015/16 sampling period (several years after thinning) ----. /
164.2
. N 2004/05 1811 59.2 18.5

C)ﬂ&g : 2006/07 1283 59.8 18.9 67
79.4 - " 2007/08 77 642 92 28
13.5 2013/14 0O 72.1 11.5 28
X 1093 2014/15 2168 733 119 28
. : 2015/16 3172 73.9 12.1 28

175.5 & ) © 5.8

164.0 '
106.8

Wc — cone weight per hectare G — Pinus pinea basal area

dg — quadratic mean diameter N — Pinus pinea density
11



Case studies

Adult naturally regenerated stands
Crown projection and cone weight (kg) in each tree at the 2015/16 and 2014/15 sampling periods

4.3
. 8.2

78.7

AN
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2004/05 2041 56.7
2006/07 1070 57.7 8.3 32
2014/15 375 63.2 100 32

m I
2004/05 2644 44.6 13.8
2006/07 1019 456 144 88

2014/15 1055 51.5 18.5 88
2015/16 Cone collection was not profitable

7.2,4.0
. . 10.5" 90
* L4 5-
5.1 1.2

Wc — cone weight per hectare G — Pinus pinea basal area
dg — quadratic mean diameter N — Pinus pinea density
C)Quercus suk

2015/16 3146 63.2 100 32 4

4.0

Pinus pinea
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Ca S€ Stu d IeS Crown projection and cone weight in each tree (kg) at
2015/16 sampling period

Adult naturally regenerated stand with
no signs of previous competition

»
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* /

2004/05 3262
2006/07 1257  73.3 7.5
2014/15 2726 81.9 9.3

Wc — cone weight per hectare G — Pinus pinea basal area
dg — quadratic mean diameter N — Pinus pinea density

Pinus pinea tree

Q Quercus suber tree 13



Analysis of management options for plantations
(an example)



Initial density, thinnings and final density

The PineaManage tool, based on the stone pine model developed by Freire (2009) to
predict growth of the average tree, was used to simulate several new plantations in a
low quality site considering:

8 Initial densities 2 thinning intensities

3x 3 1111 ooy %Nol¥o

4x4 625 Boneo ‘*“**

5X5 400 oo ooldo

6x6 278 pPoNe B R R K

7x7 204 oo e

8 x8 156

9x9 123 Thinnings were performed when crowns were almost touching

10 x 10 100 (distance of 0.2 m between crowns)
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Initial density, thinnings and final density
Management alternatives were compared taking into account NPV (interest rate: 3%)

Costs with stand installation and maintenance and revenues from cones and
biomass were considered.

Results

Stands with initial densities higher than 204 trees ha! were thinned before 20 years
of age regardless of the thinning intensity

NPV was higher, for all initial stand densities, when removing 75% of the trees
In each thinning.

The time interval between two thinnings was relatively low when . b.
removing 50% of the trees. This could be explained by the small
difference between the distances a and b.



Initial density, thinnings and final density

When 75% of trees were removed at each thinning basal area was always below
13 m? ha! for initial densities <= 204 trees ha!

14
13
— 12
w11 > < e
- 10 / //
~ 9 /S XY A ~
pd
S/ 1////4 777 7
© 5 //
R /
S 3 A'AV4
2
1
0 I [ [ [ [ [ [ [ [ 1
0 10 20 30 40 50 60 70 80 90 100
Initial Age (years)
—278 —204 156 —123 —100

densities
17



Initial density, thinnings and final density

Cone production per hectare:

s at the first phase is mainly due to the number of trees per hectare

» at the second phase there are fewer trees and cone production per tree is still low
¢ at the third phase is mainly due to the weight of cones in each tree
6000

’ Phase 1 Phase2 | Phase 3
5000 A

Production peaks were
due to rainfall amounts
between January and
May 4 years before cone
harvesting exceeding
500 mm.
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Initial density, thinnings and final density

Comparing the impact of initial tree density on NPV

¢ at the first phase is higher at dense stands

 at the second and third phases is higher at stands with low density
Phase
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Initial density, thinnings and final density

Spacing 278 204 156 123 100
Initial density  6x6 7x7 8x8 9x9 10x10

NPV (x 103) 337.11 360.60 382.90 | 489.82 | 439.61

Parameters bbh Crown | Distance bt trees | Number trees| Basal area |[Crown cover
Year diameter (m) (ha™) (m” ha™) (%)
(cm)

(m)

36 364 8.9 123 12.5 76.0 20. 5
73 69.6 18.1 18 36 31 8 11.6 3.0 77.4 20.7

9 or 18
Older stand
100 | 116.9
harvest

The option would be different at a good quality site because trees would grow
faster 20




Pruning

Self-pruning is difficult at a low competition environment, trees with several main
branches, large dbh (1.4 m in the case of the tree of the figure) and relatively low
cone production can be found

Trees with lower branches have
higher dbh growth which can be a
problem if mechanical cone
harvest Is used

After pruning an improvement of
average cone weight is evident,
when compared with non-pruned
trees

21



Pruning
Should occur:

“ At 10-15 years old trees in order to achieve a desirable stem shape

» After each thinning whenever there are dead or pending branches

“* Whenever dead or pending branches exist, even if no thinning in the near
future is planned

¢ Pruning should be done till a height of 11 m if manual cone harvest will be
used



Conclusions

Pinus pinea at the main Portuguese region for cone production

1) Higher cone production per hectare occurs at basal area values in the range 14 to
18 m? ha

2) Higher cone quality is achieved at low basal area being needed to do a trade-off
between cone guantity and cone quality

3) Productions of 500 kg hat can be reached at young low density stands

4) Adult trees produce more cones if they have no signs of previous competition (up
to 6 tons of cones with 18 trees per hectare)



Conclusions

Analysis of management options for plantations

» There is no universal optimum silvicultural regime for cone production
» It will depend on:
¢ Site quality (soil and climate/weather) by influencing tree growth and cone
production
¢ The planning horizon length
» Initial density at traditional silvicultural systems is too high
> An initial density <= 156 trees ha! ,depending of site quality, must be used to

avoid early thinnings (trees with low commercial value, low amount of cones)



Conclusions
Analysis of management options for plantations

» Thinnings should not be done at predetermined years. Instead competition
between crowns should be taken into account to decide when to do a
thinning.

» Pruning Is important to shape tree stem and to allocate nutrients to the

cones at healthy branches
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