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Guideline for valuable wood production in Agroforestry Systems

1 AGROFORESTRY SYSTEMS

e

ig. 1: Modern Agroforestry system in Breich, Geman (Picture: H. Spiecker)

1.1 Definition of Agroforestry for this guideline

Agroforestry is the simultaneous cultivation of iagttural crops and trees on the same acreage. The
agricultural land use is specified by the shortation periods (1-10 years) whereas the forestry
component is utilized in a long rotation cycle @Dyears).

The interaction of the two Agroforestry componelgads to specific growth conditions for each
component. The knowledge about these conditions beusicluded in the management concept.

This guideline focuses on the management for védusdee production in Agroforestry systems.
Nevertheless the agricultural component will besidered in the guideline.

1.2 Special form of Agroforestry systems

Commonly the association of agricultural crops @neual crops like wheat, rice or maize. But also
perennials can be added to the agricultural cropsmthe harvested takes place in short rotation
cycles of 1-10 years. This can also be for exantpges or bushes. In figure 2 is pictured an
Agroforestry combination of Cherry trees (15 yeald) and Poplar trees (2 years old) in Breisach,
Germany.

Fig. 2: Agroforestry combination of Cherry trees (\aluable wood) and Poplar
trees (biomass production) in Breisach, Germany (Piare: A. Dorr)
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This special form of Agroforestry where valuable ostoproduction with long rotation cycles is

combined with woody biomass production with shatation cycles is the subject of the Sino-
German-Cooperation Project ValWood. In 2009 a destration plot has been established at the
ECTF in Pingxiang, China.
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Fig. 3: Agroforestry design of the ValWood projectin Pingxiang, China (Picture: J. Storch)

1.3 Economic advantages of Agroforestry systems

Diversification of the income (Risk minimisation)

Long term increase of capital (for retirement pgnand children, etc)

Better added value on poor sites

Wood production by ongoing agricultural use of site

Ecological and aesthetical upgrading of the langsca
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2 VALUABLE WOOD PRODUCTION IN
AGROFORESTRY SYSTEMS

2.1 Special conditions for Agroforestry trees

The trees get planted in a far distance to each \
other, so that the conditions are different to a
closed forest stand.

Fig. 4: Valuble trees after thinning in
Breisach, Germany (Picture: H. Spiecker)

The trees needs to be artificial pruned for
valuable wood production and to guarantee
enough light for the agricultural crops.

Fig. 5: Artificial pruned trees (Picture: H.
Spiecker)

The valuable trees remain at least 20-40 years
before harvesting. This means that the conditi
are totally different to the short rotation trees f
biomass production.

gL

Fig. 6: pen growth Cherry tree and dense
Poplar stand in combination (Picture: C.
Morhart)
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2.2 Establishment of an Agroforestry system

2.2.1 Selection of trees

Essential for the tree species selection is anrateu
site determination. The most important site
characteristics are:

- Precipitation (amount and annual
distribution)

- Water economy (water holding capacity,
stagnant moisture)

- Early or late frost

- Soil-aeration

- Soil nutrient content

A mixture of different valuable tree species will
avoid risks like:

- Infestation with vermin

- Site drift (by climate change)

- Price fluctuation at the wood market Fig. 7: Cherry tree with very good
genetic for valuable wood production

2.2.2 Planting

The planting space between the different treelsted to the crown width at the tree maturity.
Thereby the tree maturity is defined by the intehdeget DBH.

A method for avoiding risks is to plant the treestiiplets (see figure 8), i.e. within a tripleteth
distance between the trees is 2 meters while gtardie between the centres of the triplets is éfin
by the crown width at the tree maturity like expkd before. Thus after some years of growth the bes
and most valuable tree can be selected out ofrguiett The other two trees of the triplet will bat
down.
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Fig. 8: Exfract of the planting design of the ValWod demon-
stration Plot in Pingxiang, China (Doerr / Storch)

The quality of planting material has a high impantthe strike of the roots. The characteristics for
good planting material are:

- No damaged ,distorted or kinked roots
- High amount of tender roots

A root pruning will avoid a distortion of the rocsid results in a better strike of the roots:
- Pruning of the root tips at a diameter of 2-3 mm
- Especially at the bigger roots
- Not for adapting the size of the root ball to thee of the planting hole!!!
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The most important criteria for a good The most appearing mistakes at a planting are:
planting are (see figure 9):

- Upright standing of the plant - Not deep enough planting hole
- A straight adjustment of the roots - Kinking of the roots
- Sufficient compression of the soail - To heavy pruning of the roots

around the roots

Fig. 9: Just planted nut tree
in Kunming, China
(Picture: H. Spiecker)
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2.3 Pruning Guideline

The problem is not so much whether we can afford to prune as it is whether
we can afford NOT to do. (D.B. Cook, 1951)

Preface

In times of scarce resources and high labour cc
it becomes more and more important to maintz
or increase the value of the produced wood. For
owners therefore increasingly tend to apply targ
oriented management measures as future crop
management, creation of site adapted mixed sta
to stabilize forest structure, proper loggin
techniques to reduce impact on the remaini
stand and artificial pruning to increase the valtie

the produced timber.

Why pruning?

Forest trees lose branches naturally over time
they become shaded by higher branches of
same tree or neighbouring trees. But since t
process lasts a long time- depending on the t
species and the spacing - both living and de
branches leave knots in the wood.

Knottiness is the most important value-decreas|
factor of wood. While branch-free boles reali
highest prices at veneer markets, heavily kno
wood may not even compensate for the harvest
costs. The more valuable the end product is,
higher the requirements in respect to the ri
material are. For instance veneer for furnitu
music instruments, pieces of sport equipment

staves are made out of knot- free timber.

N,

~ /7
[\w /J <
Ll

Effects of knots
The effect of knots on lumber grade depend
on their size, number, and whether they are
decayed or sound. Knots are affecting:
- strength properties of wood
- working qualities of wood (knots are
harder than the tissue surrounding
them)
- drying properties of wood (different
drying behaviour results in twistin

ac

N,
SN
[\KJ /J 2
4

What is a “knotty core”?

The inner part of a tree, which contains
branches, is called “knotty core”. After
branch death the tree produces clear wood,
which surrounds the knotty core. Only the
clear wood- the wood without branches- is
usable for producing high-quality wood
products as veneer. Therefore our intention
should be to keep the dimension of the
knotty core at a minimum.

or

13
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What is pruning?

It is possible to control knottiness of a
tree with relatively little effort through

cutting off branches from lower part of

It is only worth to prune potential _ _
) the stem. This operation accelerates the

future crop trees. We are selecting them by reasan _

) o pruning process. The lowest part of the
of the following criteria: _
) - ) stem is known to be the most valuable
1) vigour (indicator: DBH and crown size both above .
) part of the whole tree. By pruning the
average compared to the other trees in the stand |f|

: : branches off the first length, the value of
tree height/DBH-ratio);

the end product wood can be increased
: enormously. Pruning promotes the
production of stems with valuable knot-
tfree timber. As a rule of thumb, the knot-
free timber should be at least 20cm wide.
) Pruning in a proper way and in time

increases the revenue considerably. One
has to think of it as an investment. If the treesreot pruned then one will maybe lose future ineom
Pruning operations can increase the value of adtkeabiwood by between 5 and 20 fold.

Time of year to prune

The point of time for pruning interventions strong
depends on the biological characters of the treeisp to s it is
prune. i i i

We distinguish two ways of pruning:

15
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1.) Pruning of dead branches

2.) Pruning of living branches
Pruning a dead branch never means interventioneriree’s leaf mass. Through encroachment in the
naturally induced self-pruning process, it only rpotes an earlier callus formation and accelerates
healing processes than leaving the tree unprunedally, when performed professionally, dead
branch pruning never leads to injuries of the tredsich are resulting in a higher susceptibility to
illnesses or diseases. Therefore, pruning deadbesncould be done at any time of the year.
However, pruning living branches always means tageintervention in the tree’s living organs and
the tree’s leaf area. It also means creation ofn@suwhich are leading to a higher susceptibility o
the tree to fungi or bacteria attacks, becauseraéngervening in a living organ. In temperate zmne
pruning operations therefore are done generalthénperiod of fastest radial growth at the begignin

of the growing season to promote a very fast hgalirthe pruning wounds.

Timing of first pruning
As already mentioned, the objective of pruning
operations is to minimize the dimension of the

knotty core in the inner part of the first length.

<> Never forget your pruned trees

. . However, this can only be achieved by startin
in your forests! After pruning, the trees y y g

: . runing measures as early as possible. Since
need special care, since they are strongl

. , “veneer companies require a certain width of knot-
weakened by the pruning intervention. B

: : free wood, it seems feasible to use the diameter at
releasing the tree’s crown after each prun
Sbreast height as a criterion when deciding the
timing of the first intervention. The earlier the

pruning, the smaller the knotty core and the faster

the wounds of pruning will be closed.

Diameter of branches to cut

When considering branch size, the process of wo
occlusion should also be taken into account. Hgal
over of wounds is influenced by a complex of fast@s _
the position of the cut, the length of stubs, t We should remove
smoothness of the cut and the diameter growth ef [ i
particular tree at the location of the wound. Thest
important factor, however, that influences the ti
needed to occlude the pruning wound, is the dianoétdhe pruned branch. As a general rule it can be
stated, that conspicuous thick and steep brantimeddsbe removed first, even if they are situated i

17
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higher positions in the crown, because those besebith high vigour are growing much faster in
diameter than others. This approach is called Cg#tory pruning”.

Fig. 11: Left side: Pruning in tim& small branches (Picture: J. Storch)
Right side: Too late pruning too big branch (Picture: H. Spiecker)

Conclusion:
Branches should be pruned as small

as possible (less than or equal to 3cm).

Pruning height
The pruning height depends on seve

aspects:
First, we keep in mind, that the length ¢
the branch free bole generally should
exceed one third of the total height, the tre

reaches at the end of the rotation time, > g@

obtain a vigorous crown. As we knov

What is a branch free bole?

already, this height depends on the tr \yo supdivide trees into stem and crown. The

species and the site. On poor sites, |5 est part of the stem, which is also called

example on very dry or shallow soils, tre€ st jength”, is the most valuable part of the

would never grow as high as they woul yee Here, the tree looses usually through

grow on very rich sites. In conclusion, W, aurally or artificially induced pruning his

can state, that the pruning height depends| 1, .anches at first. If all bothersome branches at

the biological character of the tree species the lower part of the stem have died and have

well as on the site quality. been occluded by the tree, we call this length

“branch free”.

19
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Second, we have to have a careful look at the reangints of the veneer processing companies. In
Europe, clear bole lengths which equal a multifl@.6m are very popular among the processing
companies since this is a common processing lerfgtially the pruning height depends on the
market. When the price is very sensitive to thenstBameter, maximum pruning height should be

lower in order to accelerate earlier diameter ghowt

Fig. 12: H‘ih runing by Guo Wenfu,
ECTF (Picture: H. Spiecker)

Conclusion:
- The length of the branch-free bole generally shouldhot exceed one third of the total
height, the tree reaches at the end of the rotatiotime.
E.g.: Total tree height at the end of the rotatiortime: 30m. Pruning height: 10m.
- Clear bole lengths, which equal a multiple of 2.5mare very popular among the

processing companies.

21
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~ /_‘\ ] J"

g;/

First phase (1) During the first phase, the trees should loosarthranches either through

We distinguishtwo phases of valuable wood production

naturally occurring self-pruning by increased shgdor through artificially induced pruning
operations. After a certain time, which length sgly depends on the growth characteristics of the
particular tree species as well as on the spesiticconditions, the desired length of a branch fre
bole is produced. Generally, the length of the binainee bole should not exceed one third of the
total height, the tree reaches at the end of thdymtion time. This is because the tree needsaalso
big crown to grow in diameter (see second phasefurh, the total height of a tree at a given age

depends on the tree species and on the site!

Second phase (2)The tree lost his branches at the lower part ef dféem and occluded the
wounds? Good! But not enough! During the second@hee have to take care about the diameter
increment. For this purpose, we release the crdwheotree heavily. Whereas the ultimate aim|of
the first phase was to make the branches disapweaare now looking very carefully at the tree's
crown. Foresters usually state, that the crown kaseld be maintained at the same height over
the remaining production time. In practice, thisame that no further branch should die anymore.

Bearing this in mind, we have a powerful tool tottol diameter growth

2

M@

r 1/3

L —>

age (years)

height (m)

Frequency of pruning operations

Pruning should remove no more than one third oflitieg crown at each pruning lift. If more is
removed, first diameter growth and, after heavilyning of more than 50 percent of the total crown,
also height growth will be reduced. But, as alreaagntioned, also the branch diameter plays an
important role in pondering pruning operations. rifmg all branches at once at a very early
development stage, when all branches are smalldieat to a significant loss in tree vigour. Prignin
all branches at once at a later development sthgieectree to obtain the required one third crown
length would mean to injure the tree very seversigce the branches to cut off will have a large

diameter. Both ways do not allow for fast producttd knot free timber on healthy and vigorous

23
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trees. As a compromise between obtaining tree vigow qualifying the tree at a very early
development stage, pruning operations should beated. We recommend pruning within intervals of
two to three years. A very fast growing tree speai@ght need a denser frequency of pruning
operations to avoid branches to grow over 3cmamdier.

Conclusion: Fast growing tree species need a dendezquency of pruning operations.

How many trees to prune
Pruning is connected with high investmel -
costs. Hence it seems reasonable to limit f & .
_ _ Simple rule for broadleaves:

pruning operations only on the best and mc ;

_ _ DBH * 25= distance between crop trees
vigorous trees in one stand, the future cr
trees.
For this reason, the number of trees to prune sghalnumber of future crop trees in one stand. It
possible to calculate the number of future croggresince crown diameter and DBH are closely
related. By assuming a certain crown cover ratis, ftossible to calculate the number of future crop
trees for a desired DBH. As pruning up to 2m heigttheap at the beginning in addition to the faitur

crop trees additional trees may be pruned.

Conclusion: The number of trees to prune equals thaumber of future crop trees in one stand.

Pruning practice
Pruning cuts should be made so that o

branch material is removed and ste
tissue is not damaged. Proper pruni
techniques lead to a fast occlusion

We can prunelead branchesn much
wounds, whereas poor pruning techniq

the same way as live branches. We make the
can lead to heavy injuries, from which t
tree might never fully recover.
Therefore, it is very important to spe
some time in studying pruning technique
and to invest some money in sha

pruning scissors or saws.
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Pruning Cuts

A good cut begins just outside the branch barkeidgd angles down away from the stem of the tree,
avoiding injury to the branch collar. Make the estclose as possible to the stem inlitench axil,

but outside the branch bark ridge, so that stesueiss not injured and the wound can occlude in the
shortest time possible.

Pruning practices that delay occlusion and harm tres

Stub cutsleave a branch stub by cutting too far from tlearstThe wound closure is delayed because
the woundwood must occlude the stub that was Téfey provide entry to canker fungi that kill the
cambium, delaying or preventing woundwood formation

Flush cuts made inside the branch bark ridge or branch calélt in pronounced development of
woundwood on the sides of the pruning wounds wihy ittle woundwood forming on the top or

bottom.

Fig. 13: 1.)Good pruning practice, 2.) Poor pruningpractice
(Flashcut), 3.) Poor pruning practice (stub cu

Flush cuts severely injure stem tissues and cartr@sdecay. They led to two to three times bigger
wounds than branch collar cuts, which are resultingmuch more discoloration in the woody tissue.
Additionally, flush cuts led to extended cambiadlshck at the wound edges compared to branch collar

cuts.
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Conclusion:
- No stub cutting
- No flush cutting
- No bark ripping

Pruning tools

Proper tools are essential for satisfactory pruning

The smoothest cut can be achieved by using a meaissor. They
are also available with telescopic poles. A ladiharefore is not
needed during the first pruning operations. Dutimg last pruning
measure, when it comes to prune branches in mare#im height, a
ladder is necessary. If in exceptional cases ldoganches of more
than 4cm in diameter have to be pruned, saws autable tool.

Unlike most other saws, pruning saws are oftengtesi to cut on

the "pull-stroke." All tools should be kept cleawaell as sharp.

Fig. 15: Pruning tools
(picture: J. Storch)
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2.4 HARVEST TIME

The maturity of a tree is defined by its DBH. Thisaused by the fact that the diameter of the isole
influencing the market price. For broadleaves taregal rule is: the bigger the bole is, the higher

the market price per cubic meter if the wood quatays equal.

Nevertheless the time for harvest should not betamtlate because old trees are susceptible for

rottenness or other diseases that could decreageite.

At the end the designated target diameter as wetha current market situation will determine the

harvest time.
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