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Executive summary

The production of noswood forest products (NWFP) can pesitively affected by silvicultural practica
revision of currensilviculturalpracticecan influence increased yields of both direct and indirect NWFP.
This document aimgo provide an overview ofselected management system&mployed for the
production of NWFPin Europe Furthermore, it makes suggestiongowards how NWFRyields can be
increasedby means ofevised silvicultural guideline$3 selectedNWFPRdistributed throughout Europe
have beendescribed and suggestiorfer improved management systesihave been madeln the
precedingStarTreereport concerning thesilviculturalstate of the art,Tomé and Faias2(14) suggested
that forest production isargely focused on wood, while NWFP is often a minority product or coincidental
good produced in aninformal manner This islespitethat the harvest of most NWRFithin Europe has

a long tradition and isommonlypart of regional culture But often thosewho are responsible for the
silvicultural managemenof forest standsare removed fromthose benefting from the occurrenceof
NWFRthus, presenting oe dimension of the proposedilvicultural dilemma.

For some NWFHof examplemushrooms, corkQuercus subgrcowberries(Vacciniumvitis-idaea) and
bilberries (Vacciniummyrtillus) empirical studies have been conducted wh&i@/FPyields have been
measured undewaried silviculturalconditions Rroduction cost and markeprices have beeffiactored
within models aiming to estimate the ideal silvicultural system fordp#misedproduction of both, wood
and NWFP. For other NWHEBr examplewild cherry(Prunus aviurj lime (Tiliaspp) and sweet chestnut
(Castanea satiyarecommendations arenade basedon expert knowledge and are thus conjecturally
basal. The modification of one or more treatments within an existing prescription may allow for greater
guantities or a more sustainable harvest of NWFP over time, while enahkngo-production of non
wood with wood.Some commonsilvicultural activities areutable to promote theproduction of various
NWFPsuch aghe choice ofprovenanceand geneticschoice & spacingstand establishmentthinning
regime and pruning activitie§hose measureshould therefore always be consiasr when establishing
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a NWFHocusedsystem Forinstant itcould be shown, that cepBoletusedulig growbest in forest gands
with a defined basal areaor that combined formativeand highpruning can promotehe production of
cherryand high value timbeconcurrently.

The production of NWFéften involvesacompromise(i.e.additional workload and/or a decrease in wood
production). However, may also preseatlditional benefits for the land holdewhile risk diversification

and an increase in biodiversity can be achteva conclusion, the compromise between wood and fion
wood goals must be evaluated on an individual basis. Theaduction of contrasting products is possible

in many situations, but the land manager must appraise likely outcomes based on temporalagiatl sp
constraints, site conditions (i.e. European location, climate and site productivity), market fluctuation,
labour cost, individual species requirements and management capacities.

Many recommendations within this document are conceptaald thus mustyet be tested empirically.
Other recommendations are the result of modelling and/or have been tested in the Trddeconomical,
ecological and cultural situation within thEBuropean counties differs greatlyrherefore the direct
transfer of experiencebetweenstudyregionsmust be carefully considere&urther research should test
the applicability of thes recommendations within other situations

It is common knowledge thafforests produce much more than woodblevertheless in the past the
silviculturalfocusin most European countridgas shiftedstrongly towardsa singlevood producton goal
whereby thestandproduction potentialis often not maximised This documeninakesone step towards
the promotion and recovery of NWFP; a product upownith a large potential for the sustainable
productionof a variety of goodand thesupportof rural development.
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1 Introduction

Authors: JS, LM
1.1 Silvicultural definition and aims of management

The term noAwood forest products (NWFP) encompasses all tangible goods of biological origin with the
exception of wood productthat arederived from forestsi(lantau et al.2007), the term nontimber forest
products (NTFP) is often used as a synonym agfhasome definitions makfirther distinctions between

wood and timber. Importantly forest services and benefits are excluded from the definition. NWFP can be
subdivided into two groups dependent on derivative origidiract NWFRlescribes a product thas directly
derived from a particular species i.e. cherries or walnuts, whereasdirect NWFRdescribes species that
coexist with trees when provided with certain site conditions that the overstory bestow. Such species
representing sought NWFP are aftaot part of a predetermined forestry production goal lmatincidentally
co-existdueto particular site conditiongossibly inducedr influencedby a preexistirg silvicultural regime.

¢CKS LINY OGAOS 2F aAif @A Odzt (. dadBarioks-tréatmeitsShatir@ydag appliedddS S y
FT2NBad adlryRa G2 YIFAyalrAy Iy @midykHavoS oy iNgI&ntl pun2dzi A £ A i
SELJ} yRa (KA& RSTATYesdiinciadé behafits deBvadieithgriliredtiK dr indiyeintim the
GNBSa (KSYaSt@Sas 20KSNJ LX Fydas ¢ (aSdtionthatcRdrii TS |
encompasses the production of NWFP. Furthermore, Montero.€1.@b9 suggests that the application of
silviculture amounts to morghan forest management, rather efficient planning of forest management
practices to ensure continuous and sustainable production. A set of silvicultural procedures covering the
tending, harvesting and restablishment of a forest stand is referred to asilaicultural system

1.2 Current situation

A comprehensive literature review was carried outlomé and Faiag(14) assessing the silvicultural state

of the art of common NWFP in EuropEherefore,information concerningl4 different NWFP, commonly
harvested within the Euggean Uniorhas been gatheredSupporting thidorestry practitioners shared their
NWFPRexperience by responding to the StarTrédéLINE FSa aA 2yl FT2NBaGSNRa |jdzsSa

It was suggested that forest prodtimn islargely focused on wood and timber, while NWFP is often a minority
product or coincidental gogdoroduced in an informal manner.

Thinning was carried out by the majority of responders, exclusively for the production of tikidece, the
effects d thinning onNWFP wasot mentioned wherebyfurther investigation is needed to ascertain how
thinning affects NWFP productioAs reported in the survey, the main reasons for pruning is high quality
timber production (41 %) followed be forest fire protémt (14 %). Gly in 5 %of the cases pruning was
carried out offor NWFP reason3.he vast majority on NWFP are harvested by manual methods and several
NWFP requiref skill for their correct identification and developmental stdgay. mushrooms, berriesork).

Dogs ardarglyemployed in the hunt for trufflesiVhereas, mtor manual and fully mechanised methods are
largely resered for the production of timbeproducts.The deliberate retentiorof NWFP producing tree
species during the course of normal thinningerationsis adopted by almost hélof the respondents



Graftingwas suggesteds auseful tool to the practitioner, @thetechniqueobtainstrees with better fruiting
characteristics.

Only 26 out 0225 questioned practitioners reported that they hadanged theisilvicultural practice in the

last ten years in order to promote NWFP production. The low innovation potential in this segyan some
cases result from a decrease in derddor a particular produgtthe low return on salesr the small scale
and informal natureof the markets Additionally it seems that many forest managers are lacking the specific
knowledge how to tend muHpurpose trees in order to increase the yield MWFPs andimultaneously
achievehighquality timber.

Pine cone productiois one of the exceptions whe the management has been chattowards improved
NWFP production. A clear intensificatisithe result of increased markgirices for pine cone andedreased
labour cost due to high unemployment ratda. cork oak plantationbetter soil management is employed
and younger stands are irrigated in order to increase survival riesddition thecork harvesting regime
has evolved, now favouring longdebarking intervalsand reduced total height ofiebarking in ordeto
increase the amoundf usable corkife. thickness) fobottle stoppers(Tomeand Faias 201)

The harest of most NWFPs in Europe has a long tradition améuisof regional culture. WRSNJ G2 RI & ¢
financial climatethe production of many NWFRIs, under presentmanagement systems, harvesting
technigues and markgtrices not profitable. Theefore, recreational collection is often dominant.

1.3 The silvicultural dilemma

Changes from the stas quo

Silvicultural operations can be placed on a contimuof management intensity between extensive and
intensive operationsiiuncker et al. 2002 Natural systemawvith minimal intervention maybe more suited
for the production of aange of products, intensively managed plantatiaften may be managed for one
goal only(often wood), thus leaving little room for the culture of other producfEhe scopeaangesfrom
passive systems such asmanaged forest or nature reserves over madisystems with a combined
objective forestry such amgroforestry toward intensive managed systems for examgitert-rotation crops
(Tablel.1).

Two questions arise len considering the production of NWFP in this wajow can the employment of
silvicultural treatments increase the production of NWFB2Vhat can be changed within the silvicultural
prescription to facilitate the increased production of NWFP?
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Tablel.1: Intensity of silvicultural systems illustrated with an example forest type

Intensity of Passive Low Medium High Intensive

management

Management Unmanaged Closeto-nature ~ Combined Intensive even  Shortrotation

Strategy forest/ Nature forestry objective aged forestry forestry

reserve forestry

Land Use (Natural forests) (Seminatural (Seminatural (Plantations) (Shortrotation

forests) forests, coppice)
Agroforestry)

The quantity ofNWFP produced from an individual tree or stand can be influenced by the silvicultural
treatments that are applied<igurel.1). Both podive (more NWFP) and negatiyiess NWFP) effects are
possible, a balance must be sought encompassing site specific and economical goatsagiahallya trade

off must be made between a timber orientated goal and an additional NWFP.

Currant
Silvicultural
Managerment

Current NWFP
Production

Change in
Silvicultural
Management

Produce Less Produce Equal Produce More
NWFP MNWFP MWFP

Figurel.1l: Schematishowing the impact of change in silvicultural prescription on the production of NWFP
Changes to the silvicultural regime can have differing effects to both direct (NWFP that is directly harvested

from a tree, i.e nuts, berries or bark) and indirect NWFP (symbiotic or parasitic association with tree, i.e.
YdzZa KNR2Ya 2NJ NBIljdZANBYSy (i GKS O2yRAGAZYyA GKIFG GKS
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In some cases timber orientated silvicultural management cas laapositive effect oNWFRproducts For
example, tree harvest and mushroom production can be complementary or even synergistic acsivites,
thinning affects moisture and sunlight condit®at the forestfloor in a way thatpromotes mushroom
growth. Current silvicultural practice fathe production ofselected NWFP species in Europe has been
comprehensively reviewed pmé and Faias 20),4discussing both timber and NWFP production.

W2 KSNBE GKSNB Aa || gAfftd ¢KSNBE Aa || gl &Q

Overlying potential compromise for the production of increased NWFP is the simple issue that in many cases
WiK2asS GKIG Ay@Said R2 y20 NBFL GKS 0SySTALAQT A DS
benefit for those undertaking the foled Y I yIF 3SYSyidod LG A& O2YY2y GKI G
applies to a particular product (e.mushroomsin Germany), however forest management and silviculture

is strictly under the control of private and state forest managers often for a timbemtated goal.
Convincing such parties that the silviculture of a stand could or should be changed for a NWFP benefit may
be difficult. Small scale private forest owners may be more open to changes to the way they manage their
trees. The need for a NWFPtla (i.e. amarketableproduct or ingredient for an added value product that

can be produced Hmouse thus providing economical returns unhindered by property rights and other legal
frameworks) may ensure that changes to established silviculture couldr.o8cch changes are often
worthwhile since he combination of timber and NWFP production allows for greater product diversity and
income generation, an aspect especially important for small scale land owners and managers.

A number of changesto establish@ silvicultural treatments arepossible in orderto promote NWFP
production, and in some casesan provide areduction in the trade-off between NWFP and timber
production The following examples can be considered:

Changes within establishment techniquduing the establishment of stands which have a NWFP co
production goal, it is important to choose the right spedigxluding native and nenative speciesand
provenances suitable to the local growth conditions, furthermore, land managers have the opipprhake
asympathetic choice towards species that will foster indirect NWFP in the@ra#ting can promote a faster
growth earlier fruit production By inoculating the planting stock the growthrafishroomsand truffles can

be promoted giversuitable overstory conditions. Finally planting operations themselves can be less intensive
and disruptive to established stocksablel.1) for examplerelying moreon natural regeneratiomnly with
sporadic plantindor defined production goals.

Changes in stancomposition and stand structureNWFP can be promoted by the employment of
innovative planting desigthat facilitates a cgproduction system for example exforestry systemsinixed
species stands and close to nature forestpproaches all may increatiee biodiversity and at the same time

the product yield.Very often the promotion of valuable mulpurpose trees is done on the forest road side

as this allavs a continuous observation of the yield, support easy harvesting and might even sustain other
ecosystem services (e.g. attractive landscape forteadsm). This will then have an impact of the forest
edge structure and the way of how the structure isimtained over a longer time period shift in intensity
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(Tablel.1) from a more intensive single objective stand to a more flexible close(er) to nature appnagch
increase the opportunity for the production of NWFP.

Changes in tending regimby the selection criteria of futurecrop trees. Crop tree selectiorfor wood
production may favour unforked trees with straight stems,ifianm crowns andwith defect freestems A
holistic view would include a variety of trees in view of the desired crop, those trees that would be removed
due to poor form or defects may provide the correct conditions for a NWFP benaditharefore should be
retained shifting from a singlg@roduction goal orientated perspective to a stand based productivity
perspective.

Changes in pruning regimef increased tree product yield®runing will affect direct and indirect NWFP in
contrasting wayspruning allows for the cultivation of a branch freele, a requirement of valuable timber
where knots should be confined to a knotty core withragefined diameter. Riningtreatmentswill reduce
the available branch scaffold for the production difect NWFP such dgsuits and berries. Likewise, the
pruning of tree boles will restrict growth and potentially force the tree to invest energy into new branch
growth to increase photosynthetic potential rather than investing in reproductive matdtia.pruning of
tree boles to create a clear branffee stemwill alsopush the production of fruit higher in the tree, thus
making the harvest more difficul reduction of shade may be brought about by pruning treatmeittser
positively omegatively affecting forest floor flor@lso indirect NWFP¥imilarlypruned branches may litter
the forest floor changing the specific conditions required for a certain spaciels as humidity, light and
nutrient avaibbility.

Changesthiinning regime and procedurestiensity, stand age, frequency, uniformalityThere ae multiple
thinning methodologies, dependent on the desired silvicultural goal, thinning froraeabobelow, and the
application of treatmentsat different times within arotation. The direct removal of trees will rede the
production potential ofdirect NWFP, however, thinning provides the opportunity to the remaining trees to
grow larger and potentially roduce greater volumes of NWFPhinning will dramatically change the
characteristics of the forest floor, greater amounts of sunlight willéase temperatures and decrease
humidity either favouring orlienating existing understory plant speci&¥ith greater gaps between trees

an increased level of competition maybe seem which can affect understory plant communities, shifting the
focus from orplant community to another succession group.

Change in deadwood regime or scale of biomass/assortment remo\By retaining an element of
deadwood in the stand, desirable habitat can benfed that would otherwise be nesxistent this can
include both &llen and standing deadwood. Besides NWijeRefits such deadwood campromote a
multitude of faunaMeanwhile, as mentioned above, the presence of deadwood may also change the micro
dynamics of the forest floor changing humidity and light levels and isargautrient availability.

Change inihal cutting and regeneration regimeA shift fran a large disturbance (i.elearcutting, where
permitted) to a harvesting operation that is more sympathetic to the stand with undoubtedly have less effect
on existingNWFR with the exception of cases where high light levels are required by a NWFP species or
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within stands that are not suitable for the established forest syst&ress intensive cultivation of trees will
provide a less invasive harvesting methodology.

Regeneration can in part utilise more natural methods of tree establishment both natural regeneration and
allowing regrowth from coppiced stools will return the stand to a more natural state. Planting can be utilised
to ensure that timber goals are also pided for. Of course at this time future NWFP and timber
productiongoals can be considered and planned for in the next rotation.

Changes in forest infrastructureMany forests in Europe can be characterised byextensive forest road
network, this faditates the harvest and extraction of timber. The use and expansion of the road network can
present both positive and negative impacts on the presence and cultivation of NWFP which in part links with
the issue of property rights. An extensive forest rosdwork makes NWFRccessibldo all, assisting both
formal and informal collection.

1.4 Rationale:the need for silvicultural guidelines for the management of NWFP

It is intended that this project output serves as a basis for further researchndification to current
silvicultural prescriptions for the increased production and increased profitability of NWFP in Europe. The
modification of one or more treatments within an existing prescription may allow for greater quantities or a
more sustainald harvest of NWFP over time, while enablingpcoduction of noawood with wood.

t N OGAGA2YySNEE | OFRSYAOa FyR LRtAOe YIF{SNER IfA
0§SOKYyAIldzSa¢ LI @Ay3a (GKS gl & T2 NkyoBledgellSOrkeyided tiagte |
presented revised silvicultural guidelines should be applicable to as many case study regions as possible.
Furthermore, the optimal output from the project would be guidelines that extend beyond defined regions,
thus provding a resource for many forest managers on a European scale.
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2 Silviculturalprescription for increased production of NWFP

2.1 General nethodology

¢CFala sAGKAY {GFNEXNBSQa ¢2NJAy3a LI OLF3IS W KIFIBS 0685
Figure2.1 outlines the linkageand employed approach employed within the proje€utput as defined in

0 KS LIN®D® fdnel) B2.29anchetGonzalez et ak015 and D2.4 Kurttila and Tahvanainen 20).6
whichprovidesupport forthe silviculural decisiongdefined in this report.

Improved management Selected multipurpose

of multipurpose trees trees and NWFP for
and NWFP RM-IDCS
A A\
/ Resource Management \
In-Depth Case Studies
(RM-IDCS)

A — J

Figure2.1: Work flow and linkages within WP2

StarTreehas scrutinised a small number of species spread throughout Europe. Their significance assessed in
specified case study regiong/ng and Prokofieva 2004 Y2 & i &ALISOATFTAOFff & GAGKAY
Questionnaire (PFQyhere forestry professionalsere askedo define the relevance of NWR##thin their
respective regions. dever, it must be noted that this was not an exerciseassess theresence of a
specieswithin a particular case study regiomor the scale of any economic benefit that thétare and

harvest of such a product bringsytorather aperceived product presenda eachgivenregion. Summarised

output of the PFQ can bseenin Table2.1.

Herei KS dzy RSTAYSR 3INRdzL) dadzaKNRB2YAé¢ A& &adzaA3ISAGSR
(however, given the variety of mushrooms available within Europe this is unsurpnigitigilirect tree

products such as cherries, sweet chestnuts and walnuts featuring in responses from many central European
countries.Meanwhile, core Mediterranean NWFP such as cork and pine nuts are reported by both Spain and
Portugal.
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Table2.1: Relevance of selected species to StarTree's 14 case study regions as defined fyoRt&and Faias 2014)

o g 2] > g
L £ § e ‘% 5 2 . E = % g :_é %

Alentejo | (D) WD W W

Bursa (6)) W w (6]

Catalonia. () ) W w w
Eastern Scotlanc W W W w w W W
Latvia w W W W
North Karelia w W W W w
Osrednjeslovenska W W W W w W W
Styria W W W w W W
Suceava W W W w W W
Sumadija and Westerr W Wl W

Serbia

Trentino Alto Adige W W W

Valladolid ()| ) (6)) (6))
Waldmarker W W W W w W W W
West Wales and The Valle WD W W W W w W W

) ) . Understory
Resin, bark &ap Tree fruits berries 8eaves Mushrooms
plants

Gomprehensive literature studiewere conductedby project partners considering the current silvicultural
state of the art of selected MTP and NWFBI{(i¢ and Faias 20).4n-depth case studiewere conducted in
order to define newor improve &istingyield models $ancheizonzalez et al2015 and DS$Kurttila and
Tahvanainen 20)gin conjunction with etensive longterm institutional knowledge.

It was evident from the oiput of the PFQ that there wasreeed for the clafication of species resourced.

the species from which the NWFP is deriydéil many cases a generic term was used by respondents such as
GYdza KNB2Yaéd {dzOK (S NNalggtesilgicaliral Approadhgiarificatidtis heRded 2 NJ
Nevertheless, such group$ species are commonplace, mushrooms can be considered and an important
NWFP suggested to be relevant in all 14 case study re(iglies to Table2.1), this is closely followed by the
defined B. eduliswhich is suggested to be of relevance in all but the Spanish and Portuguese case study
regions.The silvicultural guidelines fgoromoting bilberry Yaccinium myrtillusand cowberry \{accinium
vitis-idaeg) yields in Finland are based on the results obtained by using the -&®ed simulation
optimization system described in more details of Miina et al1Q. Also D2.4Kurttila and Tahvanainen
2016) providesa description of the stantkevel decision support system (DSS) applied. The berry yield models
included in the DSS were prepared, evaluated and/or calibrated during the StarTreetpiidje DSS was
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used to optimie the management of stands in the joint production of timber and bertigs.recommended
that the revised silvicultural guidanae respect to NWFP yieluffered herein is subjected texperimental
quantification

2.2 Resin, bark and sap

2.2.1 Cork(Quercus subek.)
Authors:MPT, TP,IG MSG MT, JAPHNP, $F

Cork is obtained from the cork oak tre@uercus subdr.) as a renewable and sustainable product obtainable
over the entire life of the tree. The distribution of the cork oak is confined to the centre and western part of
the Mediterranean basin, including Portugal, Spain, France, Italy, Morocco, Algeriduargia. Within
Mediterranean ecosystems, cork oak plays a key ecological and-esmmi@mic role. In cork oak forest
ecosystems, cork production constitutes a basic source of income. However, these ecosystems are also
efficiently exploited for other usesvhich include acorn production, cattle grazing, production of firewood,
hunting or for biological and landscape diversity. In economic terms, the manufacture of natural cork
stoppers to be used in the bottling of wines constitutes the most important tisethe suitability of the raw

cork material for this production that establishes its commercial value and is a key factor in determining the
end use of the raw cork as well as the eeBectiveness of processing(mbre et al. 2000; Pereira 2007

In Smin and Portugal, cork oak stands are mainly atged as agroforestry systems, where all the products
(namely cork, acorns, firewood and pasture) are obtained together, usually coorgtituting the most
important NWFP. However other options are possibld ather landowners may aim at the gwoduction

of cork and cattle, or recreatiorhe following guidelines are updates of the detailed state of the art in
specific silviculture and models included already in the previous StarTree DeliverablelD2\&.a{d Faias

2014). The discussion about silvicultural guidelines that follows is presented separately for Spain and Portugal
as there are some differences between the stands in both countries and also on the silvicultural guidelines
rand tools used in the twoountries.

Silviculture guidelines for cork oak stands in Spain

New plantatiors in Spain presentork production as the main objectivE€or this reasonthe following
silvicultural prescriptions refer to cork production. The main silvicultural treatmexiteach stand
developmenal phases areutlined inTable2.2.

In this case the base for updating the management guidelines for cork oaks stands is thdegend
optimisation of these stands from the economic point of view. The main aim of this atiiomn was to
analyse how different factors can influence the optimal management of cork oak stands. Among the factors
considered we found economic (discounting rates, cork prices) and-sedaued factors (cork thickness). As

a result new recommendatiorfer the optimal managementf these stands were delivered.
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Table2.2: Main silvicultural treatments for cork production at each stand development stage
Phase Silvicultural treatments
Plantation in densities that ranges from 625 trees/ha to 300 trees/ha
Bushes clearing
Formative pruning
Thinning
Cork etraction
Cork production  Thinning depending orstand density and market conditions
Regeneration fellings following sheltepad system

Regeneration

Juvenile

Optimising the management of cork oak stands for cork production:

One of the most important issues when dealing with the management of cork oak stands in Spain, is the
establishment of the optimal management schedule of these stands with special atteotiards the
rotation period between debarkingperations This pralemis usually solved bgxpert knowledgeand few
attempts havebeenmade to assesssiit a quantitative manner based on projections from growth and yield
simulations(Paulo 2011, Paulo and Tome, submi)ieMost of the time debarkingperationsare set in fied
cycles all over the rotation length of the stan@&barkingis performed at regulamtervals, varyindpetween

9 and 14 years depending on thegion However, therésevidence that shoathat cork yield is not constant
during the entire production cycle and variebetween debarkingoperations ether due to tree aging
(Natividade 195por to aging combined with the precipitation during the cork growth periédu(o et al.
2016). The most productiveperiod during the tree life occurg the middle of the production cycle
(Natividade 195p

With the aim of reviewing the silvicultural guidelines for high density cork oak stands in Spain ars analy
the optimal debarking schedule, an optsaiion-simulation system has been developed dxplore the
optimal debarking periods in different stands.

The growth and yield models employed to simulate the development of the analysed standshosee
developed by Sanchézonzalez et al(2005 2007a; 2007b2009. The Hooke and Jeeveadirect search
algorithm (L961) was utilised within this investigatioas frequentlyemployed in studies similar to this one.
The objective function employed was the saipectation value (SBVA more detailed description of the
system is given in PasdbsTato et al (2016).

Different stands were analysed in orderdeterminethe trends that would define the optimal silvicultural
guidelines. Three different stand$the same age, similar site indand stand density but differing in terms
of cork thckness (20, 30 and 40 mm at 9 years) were teglethble2.3). Different cork prices (0.84/0.17,
MOHKNDOHNZ Mobreproductdroaarkcuality Hau) - and virgin corkgquality 2(ge)- respectively)
and discount rates (%, 3%, 5%) were also applied in order to analyse the effect of the ecoomaiables.

demorsiration under grant agresmen ko 512385



Table2.3: Summary of the charactéstics of the anaysed stands.

11

Stand 1 Stand 2 Stand 3
Age(years) 20 20 20
Sl 14 14 14
N (treegha) 625 608 618
dg(cm) 16.65 15.51 16.93
Cork thicknesg yearsmm) 20.47 29.52 38.67

Effect of cork thickness (quality) in the optimal stand management:

Threedifferent cork thicknesses were tested in order to aalgork quality in the optimal management of
cork oak stands. Cork thickness is usegrasy for cork quality. The results dhese analysisshowsthat
stands with longer rotations lengths amdth delayedthinningspresent greater cork thicknessébable2.4
and Figure2.2). In relation to debarkingperations the number oftimes debarking can be carried out
increases for the stands that present higher cork thickriéssle2.4 andFigure2.3). At the same time these
stands tend to present shorter periods between debarkingcedureqFigure2.?2).

Table2.4: Effect of different cork thickness on the optimal schedule of stands 1 and 2 when discount rate is 3% and cork

prices of quality 1 and 2r@ 1.20 and 0.24respectively.

Cork thickness

20 mm 30 mm 40 mm
SE /ba) -19 21 360
SEW A U K 2 dzilha) 02 N 0O € -599 -648 -1641
Effect of corkevenue onSE\O /ha) 580 627 2001
Cork weight g (t/ha) 0.31 1.21 17.12
Cork weight ¢g(t/ha) 7.14 11.08 29.11
Meanannual cork yield (ha/yr) 0.11 0.13 0.39
Number of debarkings 4 5 10
Rotation length 66 94 117
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Figure2.2: Optimal management schedules of the development cycle for stands with
cork thickness 20, 3@nd 40 mm respectively when discounting rate is 3% and cork
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Figure2.3: Optimal management schedule of the cork production cycle. The figure in lgfe shows the optimal number of
debarkings and the number of years between them and the figure on the right shows the incomes obtained on each optimal
schedule.

Effect of discounting rates on the optimal stand management:

In the case of discount ratesitnfluence is similar to the cork thickness. An increase in the discount rate leads
to longer rotation lengths and a delay in thinning treatmeritgy(re2.4). Alsothe number of debarkings
increases \Vith a decrease in discount ratevhile the period between debarking decreagegjure2.5). It is

worth noting that the effect of scount rate is highly relevant in terms of profitability. A regular discount
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rate of 3 % provides incorde 2 T /ha while eeonomic scenarios with discount rates of 5 % make the
management of cork oak stands a nprofitable activity. On the contrary, Wi low discount rates such as 1

%G KS LINPTFAGIOAT AGE Ay ONBagwibgan idea of thehigysinliedce éf this fdetdr 2
(Table2.5). It is also very interesting to note that under these schedules, the amount of cgradéq; is

higher than the amount of g

Table2.5: Effect of different discount rate on the optimal schedule of stands when cork thickness is 40 mm and cork prices
of quality 1 and 2 are 1.20 and 0.24, respectively

Discount rate

1% 3% 5%

SEV /ha) 26,559 360 -533
SEW A (i K 2 dzilha)O2 NJ 0 € 2,127 -1,641 -785
Effect of corkevenue onSE\O /ha) 28,686 2,001 251
Cork weight g(t/ha) 50.38 17.12 0.40
Cork weight g(t/ha) 47.55 29.11 6.41
Mean annual cork yield/ia/yr) 0.63 0.39 0.11
Number of debarkings 11 10 4

Rotation length 156 117 64
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Figure2.4: Optimal management schedules of the development cycle for stand
3 (cork thickness 40 mm) for different discount rates (1, 3 anthpwhen cork
prices of gl and g2 are 112y R nkhHaspectiely.
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Figure2.5: Optimal management schedule of the cork production cycle. The figure in the left shows the optimal number of
debarkings and the number of years between them and the figure on the right shdhe incomes otdined on each optimal
schedule.

Effect of cork price on the optimal stand management

The effect of fluctuations in cork market prices is not as drastic as irotheef cases analysed. When cork
prices of gand ¢ decrease by 30 %, rdian length decreased and thinningse recommended to be carried
out earlier(Table2.6). At the same timetie number of debarkings decreased as well as the number of years
between debarking operation&-igure2.6 and Figure2.7).

Table2.6: Effect of different cork prices on the optimal schedule of ca&k stands when cork thickness is 40 mm
and discount rate 3%.

/ 2NJ] LINKHOSa o

0.84/0.17 1.2/0.24 1.56/0.31

SEV /ha) 285 360 1304
SEW A (i K 2 dzilha)O2 N 0 € -877 -1641 -1437
Effect of corkevenue onSE\O /ha) 1162 2001 2741
Cork weight g(t/ha) 9.62 17.12 20.92
Cork weight ¢g(t/ha) 20.40 29.11 33.22
Mean annual cork yield/ia/yr) 0.29 0.39 0.43
Number of debarkings 8 10 9
Rotation length 103 117 127
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Figure2.6: Optimal managementschedules of the development cycle for stand 3 (cork thickness 40 mm) for different cork prices
of q1 and g2 when discount rate is%.
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Figure2.7: Optimal management schedule of the production cycle. Tigaire in the left shows the optimal number of debarkings
and the number of years between them and the figure on the right shows the incomesit®d on each optimal schedule.

In short, when managing cork oak stands with an economic objective, the shtaleint of the number of
debarking operations carried out and periods between them is not a straightforward task. It depends on
many factors that need to be taken into account in order to obtain the optimal profitability of these stands
The managementchedules provided by optimisatioexercisesare guidelines that would help the forest
manager in the decision making process. These guidelines provide information regarding in which direction
the management should be oriented depending on market conditaordor cork qualities.
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Silviculture guidelines for cork oak stands in Portugal

16

Table2.7liststhe silvicultural operations that take place in a nplantation. The same silvicultural operations
are applied in gisting everaged stands. Uneveaged stands must be managed using the same silvicultural
operations as stands in the mature stage but witkitierent type of thinning (lighthinning is appéd in
evenaged stands while trees of different sizes are thinned in uneagad stands if the objective is to
maintain the uneveraged structure). Note that in practice thinnings just tagkace in young stands in order
to avoid intertree competition. Alult stands are usually sparse (lasttional forest inventorf{NFl)indicates
crown an average percent cover 26.5% with just0.5% of the stands above 38 (Paulo et al. 208) and

the occurence of mortality is high which makes the thinning operatisngslly not used in Portuguese cork

oak stands.

Table2.7: Main silvicultural treatments for cork production at each stand development stage

Phase Sihicultural treatments Decisions
Regeneration Site selection Where to plant / use another species
Tree plantation Number of teesha
Control of spontaneous vegetation  Periodicity and method
Formation pruning When to take place
Juvenile Formation pruning When to take place
First cork etraction When to take place and debarking intensity
Control of spontaneous vegetation  Periodicity and method
Thinning When? How intense?
Mature Periodic cork ®raction When to take place and debarking intensity
Sanitary thinning If needed
Control of spontaneous vegetation  Periodicity and method
Thinning When? Type? How intense?
Regeneration Selection of the silvicultural system  Shelterwood systems
of the Periodic cork traction When to take place and debarkimgensity
following Sanitary thinning If needed
stand Control of spontaneous vegetation  Periodicity and method

Thinning

When? Type? How intense?

Forest management of cork oak stands in Portugal is quite dynamic and an adaptive approach must be used,
namely in whatconcerns the decision for corkteaction. In practice the decision of the forest manager
concerning the debarking is mainly influenced by two aspects: structure of cork prices and weather
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conditions during the cork growth perio@n increase in the pricgof thin corks may led to the promotioof

cork exraction, while an increase in tharice of thicker corks will encoradgandowners to postpone cork
debarkingfor one or two years, in thexpectation of increasing the percentage of thick cork. For instaim

the years between 2000 and 2010, cork price structuxpegienced considerable fluctuations, generally
showing a significant decrease in the value for most of the cork assortmEmsvas more evident in cork
classified as poor and medium qualitiasses APCOR 20)4In recent years the prices have been more
stable, but it is noticed that an increasing number of forest managers have bé&smeng their cork rotation
debarking in an attempt to increase the value of ¢@id therefore increase tle resulting incomdAPFC,
ACHARANSUB personal communicatigna Climate may also influence cork thickness, with drought
decreasing the cork growth and therefore increasing the period between odrikotions. These unique
features of the cork market andfluence of climate on cork growth reinforce the need of accomplishing cork
sampling previously to the corkxieaction, between 78 years after the previous debarking in order to
increase knowledge on the cork product characteristics. This practice dhevessessment of present cork
characteristics and prediction of thexqgected price for different cork rotation periods, and provides input
data for decision support tools that allow the simulation of future stand development and associated
revenues (corkcattle, recreation, game, etc).

Taking this need for an adapted forest management, the proposed silvicultural guidelines for new plantations
in Portugal are based on the use of uséendly support tools (developed/improved under StarTree, most

of themalready available dtttp://www.isa.ulisboa.pt/cef/forchange/fctools/pt/inicio or expected to be so

until the end of the project2019 to help the landowner/foreismanager in the rast important decisions

listed onTable2.7:

1. Support toolto study the adequacy of a pigelected site (WebCorkS)

2. Support tool for the pediction of mortality rates in the regeneration stage as a support to the
definition of the number of trees at planting (WebCorkm)

3. Use the SUBER model at planting to make H@ngn simulations of the stand under alternative
management options so that the landowner/Est manager may decide on the silvicultural system
and management details he/she is going to adopt and have an idea okpleeted revenue

4. To carry out a cork sampling around Fears after the previous debarking and use a tool to predict
cork price fodifferent cork rotations (WebCorky)

5. Repeat steps 3 and 4 after each debarking in order to adjust/modify the silvicultural system and/or
the management details previously adopted

The tools refered in 1 and 2 and the SUBER model were already describel d)Zhezsonzalezt al.
2015).

The use of these toolsrior to the establishmenof a new cork oak plantation, will contribute to:

1 The avoidancehe establishmentof continuous plantation areas that ihwe parcels of land
characteried by soil conditins where cork oak tree mortality ig@ected to be significant and where
growth and production will be compromised. These areas may be instead planted using adequate
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tree species and consequently favouring stand and landscape biodiversity as well aecothyestem
services.

Estimation of stand mortality rates for the regeneration stage using the model proposed by-Castel
Branco et al. {019: This will contribute to the definition oadequate tree densities within a
plantation, in relation to the gpectedfinal tree densitythat may vary acording to management
purposes, i.eexclusive cork production or agroforest/silvopastoral managemeris. #iso epected

this will contribute to areduction of costs associated witheating up and thinning silvicultural
operations that are currently carried out in the years thia¢ first cork etractionis anticipated The
SUBER model can be used to support ther irselecisions such gwovidedin D2.4(Kurttila and
Tahvanainen 2016

The kest time to start thedebarking:it is uswally recommended to initiatelebarkingprocedures
when the quadratic meaniameter at breast heighfdg) is equal to 22.3 cm which means that all
trees greater than the average tree can be debarked. The SUBER model allows the userttd@o us
test different ages around the age when d@2.3 cm and find the one that, for a pfixked forest
management approach and a certain planning horizonximaesnet present valueNPV.

If there is an advantage of having an unexaggd structure forcork debarkingtn this case the stand

is debarked at intervals shorter than the normal cork rotation period and the cork rotatioedsdt

tree level. One common option among the landowners is to make the first debarking when the dg is
close to 22.3 cnand come back for the debarking of the remaining trees sorGey8ars later, in
which case the stands will have corks with two ages

To find the cork debarking rotation that mienizes NPV for a certain stand and planning horizon
considering the same conotation age for all the debarkingghe combination of different cork
debarking rotations is not considergdincethe model predictions forcork growthspanning an
individualstree life is not good enough to justify such optsation and also because, gseviously
explained, the landowner/forest manag@mdecision depads on many factors which are madese

to the debarking year

To analyse the impact of different debarking intensities on cork production, assuming that debarking
intensity has no impaain tree and cork growth. Debarking intensity is usually evaluated by the value
of the debarking coeffient: ratio of debarking heighand perimeter at breast height over cork. For
the application of the Portuguese legislation (see below) debarking héghmeasured along the
stem plus the average length of the debarked branches, but it can also consider the accumulated
length of debarked branches or be measured in the vertical.

Comparing alternative silvicultural systems and or management details tlzere tree and cork
growth, such as cork rotation debarking, thinning anétecking. In the case of thinning the current
tree diameter at breast heightOlBH growth model does not consider intéree competition but
there is ongoing research to develepa new model that, if needed, will include this factor. Most of
the existing stands in Portugal are sparse andgating reseech (aias et al. In prepShowsthat

most of them do not haveigns of competition. Even though, we will check the possibdiip¢lude
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competition indices in the newbBHgrowth model. At present users are advised not to test
alternatives with high stand densities because of this limitation of the SUBER.model

Study different transition methods for the new stands: clearcut systaot possible to use in
practice due to legiation, but possible to simulate)niform shelterwood systems and irregular
shelterwood systems (other shelterwood systems, such as groeftesivood systems, can be
consideredbut at a landscape level, not atand level)

The SUBER model does not yet include the effect of some silvicultural operations on tree and cork growth
and yield, but someeserach has been undertaken within the StarTree project (sometimes in collaboration
with other projects) to improve the knowledge about these relationshifise most important results are
shown below:

|l

Impact of spontaneous vegetation control on tree andr& growth: it is a common practice to carry
out this operationin order to reduce treeshrub competition as well as fire risklowever the
possble impact of this operation towardsee and corkgrowth hasto date not beenresearched
Current researchr@ias et alln prep). ComparingDBHandannualcorkgrowth of trees growing with
different understory vegetation (no shrub control, shrub control and legume cultivation, shrub
control and fertilizer applicationrghows thatdiferent responses are fou notonly between trees
but alsobetween blocks/stands. A significant response of annual cork growth is found in one or two
years aftershrub control(whetherfollowed or not bylegume cultivatiof, except in the years were
climate conditions did nofavour legume establishmentpnamely die to low precipitation. e
analysismade at stand level forork thickness distributigrresulting from the debarking operation
after 9 years of cork growth demonstrated thaistence of significant differences between plots
management with differentinderstory vegetatiomlterantives. Even so, it is important to notice that
when expressedn terms of cork price, no significant differences result in terms of the resulting
revenues. These results are in Inéh thosepresened byCaldeira et al(2015 who associateshe
absence of spontaneous vegetation control management operatbonpledwith severedrought
events with tree death. The present version of the SUBER model assumes that the periodicity of the
control of sponaneous vegetation will be enough so that serious shrub encroachment will not occur.
Impact of different debarking coefficients on tree and cork growihis assumed by forest managers
and the scientific community that the level of tree stress inducedaik ®ak trees by the periodic
harvest of cork increases proportionally to debarking intensity. National legislation defines the
maximum values of debarking coefficients for different stages of tree developmept22% 3.0 for
the first, second and follwing cork debarking operationespectively Research on this topic focused
two approaches:

1. Experimental trials installed in stands debarked for the first tindeaflo and Tome, under

review for resubmissiol
2. Modelling approaches using large data setflected in adult stands along the distribution
area of the species in Portug&lgulo et al2016).
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All research is beingonductedat tree level, and assuming that tree response is highly variable
between trees, between stands, and according to edaphwatic conditions. Results of the two
experimental trials, located in distinct regions characted by a low ad a high productivity class
showed a slight but significant effect of debarking intensilythe first cork etraction the cork
thicknesson the site charactesed by a low productivity class, revealing that higher debarking
coefficients resulted in thinner cork thickness distribution values but the effect of debarking intensity
at the first cork atraction was not significant in the high prodigty site(Figure2.8). It is therefore
suggestedhat debarking coefficients should be defined not only according to legal constrains, but
should be adapted considag site edaphoclimatic characteristidsa(ulo and Tomé, under review

for re-submissiol.
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Figure2.8: Differences in cork thickness before boiling (ctbb in mm) obtained from trees where diffedetiarking coefficients
were applied: 1.5, 2.0 (mdmum value allowed by national legislation) and 2.5. The trial is located in a low (left) and a high (right)
productivity site. (Source: Paulo and Tomé, under revision forstdmission).

This study showthat the assumption of no impact of debarking intensity on cork growth used in the
SUBER model need to be corrected for low productivity sites. Regarding adult trees, the results
presented in Paulo et g2016) are not so clear and evidence the importaééong term monitoring

plots and trials for the assessment of the impact of debarking intensity in tree and cork growth and
production. The authors formulated the hypothesis that high debarking intensity would have a
negative impact on cork growth butdiod the opposite result (although not very cleargure2.9).

A detailed analysis of the data suggests that these results are influenced by mamnagé&ees with
thicker cork may have been debarked to higher heights, while others that produce thinner cork are
subjected to lessr debarking intensity (as it is often found that cork thickness decreases along the
stem). Suggested silvicultural guidelinagain recommend that debarking coefficients should be
defined not only according to legal constrains, and instead adapted to site edaphoclimatic and tree
conditions. For instance, it should be important to adapt debarking coefficeattsrding tdree age
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(using tree diameter as a pxp for age), vigour, presence of wounds and/or to the number of
debarked branches.
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Figure2.9: Relationship between cork growth indgcgic thickness of eight complete cork growth
rings) and total debarking height (hdtot) tree variables. Variable hdtot is grouped in 1m range
Of I & adxadei t W23NJIc Béah dalbel hotzpneal line on each bieplot ¢ median value.
(Source: Paulet al. 2016).

1 Evolution of cork growthalong successive rotation$aulo et al(2016) studied and modelled the
relationship between cork growth ind€accumulated thickness of the first 8 complete years of cork
growth) of two consecutive cork<gactionsfor the same tree. When anadyg the evolution of cork
growth in two consecutive cork growth periods, a linear relation between the two cork growtl inde
(cgi) values was evidenFigure 2.10), underling the individual tree effect on cork growth. The
amount of precipitation occurring along the cork growth period and the number of main branches
debarked also influences the final value of the cgi.s&eted largemmounts of precipitation during
the cork growth period have a positive effect in the resulting cgi values, and higher number of main
branches debarked have a negative effeédthough the variability of debarking intensity was large
among the data set, neelation between this management option and cgi was observed by any of
the considered models. When anglyg which variables are related to cgi, increasing tree size
(assessed bpBHunder cork and total height) is associated to higher values of cgihEqrésened
data set, stand density does not limit the values of cgi. These results should not be taken linearly,
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since ligher values of humber of tredséctare and precipitation values characsimg the stands

may impact and lead to different results sisggested by previous research. The present conclusions
are restricted to trees under 114.6 cBBH under corkstands under 203 treba and under 1000

mm of average annual precipitation. This study points out for the need of additional research based
on long term permanent plot records and cork samplings to clarify the long term impact of debarking
intensity, tree competition, as well as the effect of other possibel@atory variables not included

in the present research.
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Figure2.10: Plot of tree level cork growth indefrom two consecutive cork
extractions, respectively cgilij and cgi2ij (=370 &®). Source: Paulo et al.
(2016)

There are some silvicultural operations that are not taken into accoyrthb SUBER modeind that are
identified as research gaps of current state of the arttfer management of montado systems

1 Impact of formation pruning itree and cork growth and yielformativepruning is an usual practice
undertaken in order to obtain trees with a better shaped and longer stem and, to our knowledge, its
effect on tree or cork growth has never been studied.
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1 Impact of pruning along the lifevhen the grazing by pigs was one oétinost important revenues
in cork and holnpak Q. lley stands, pruning was a very common practice undertaken with the
purpose to increase fruit production. Studies performed in Spain showpthating does not have
an impact on cork yield and growtlegrellas and Montero 2002but that pruning may have some
impact on acorn yield, depending on the production of ffearbeing above or below the average

(Canellas et al 2007

1 Impact of the application
landowners, howeverthere
model.

- Multipla Cork Samplng
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- cork Vadie
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of fertilizerdgt is an operation that is being consigel by some
are no research results that may support its inclusion in the SUBER

WebCorky
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Figure2.11: WebCorky tool. The presented output is based on the Almeida e{2010) cork growth model.

The tool to support the decision about cork rotation period (WebCdrkyure2.11) is an important support

for the landowner/forest managr to take decisions on the opportunity of debarkinfys previously
mentioned, annual cork growth and cork caliper are known to be related to climate, namely precipitation
and temperature Caritat et al 1996,2000; Tome and Faias 20Q1Ascork price is prtially defined by cork
thickness (sum of cork annual growth between two debarking operations), climate conditions should be
taken into consideration when defining the most suitable cork debarking rotation period for a given tree or
stand. Even if the 9ears interval is still the most frequently applied between two consecutive debarkings
(here referred to as cork debarking rotation), a tendency towards increasing this period to ten or more years
has been observed in Portugal. This is many times justfiexito exreme dry weather conditions that
occured along the cork growth period or during thimth yearof growth within any given rotationand/or
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due to the low price of corkAPFC, personal communication; Centro de Estudos Flores@is-/ISA
databasd. Recent modelling tools now allow thigpert judgement to be supported by scientific knowledge.
Therefore an important silviculturabuideline is the importance of including as a recurrent management
operation the accomplishing of forest and rkoinventories, at tree level, using appropriate sampling
strategies {lmeida and Tomé 20)0especiallyseventh or eighthafter the last cork debarking operation.

The data collected in this operation (caréilliperand cork quality at tree level colleactén forest inventory

plots) should then be used to simulate cork thickness evolution for cork debarking rotations over 9 years (e.g.
10 to 12 years according to stand growth conditions and management objectives), taking into account
climate and cork pricescenarios. These simulations can be accomplished with the SUBER model but also
using the WebCorky tool.

The outputs of these tools include the evolution, for increasing cork debarking rotations, of the percentage
of cork to be atracted that reaches the mimum value associated to a given cork price, and consequently
the final income evaluated as equivalent annual annuity of net present valger¢2.11). The present
version of the tool will be updated in order to include a model thgiresses climate effect on cork growth
(Tomé and Faias Iprep.).

2.2.2 Maritime pine resin Pinus pinasteit.)
Authors: SM

The most relevant pine species in Europe tapped for resin historically has been maritim@ipirepinaster

Ait., followed byP.nigrain centrateastern Europec(f.chapter2.2.3 orP. halepensiandP. brutiain Greece

and Turkey(Acar et al. 201)3 Maritime pine produces resin of high quality for a wide range of industrial
products. Resin was considered to be the most versatile material in thengustrial world (Langenheim
2003 and is still the raw material for a wide range of industrial products and one of the most important
NWFP. Since the TZentury, resin tapping had been a traditional forest use with great importance for rural
economy in Europe anddthern Americalfiernandez 2006Calama et al. 2010; Hall et 2D13.

In western Mediterranean countries, maritime pine is one of the main forest trees and comprises the most
extensive conifer woodlands in Spain, Portugal and southern France. pilosivoods are pure, though

mixed stands are also common, wifinus sylvestris, P. nigra, P. pir@aP. halepensjsas well as with
Quercus ilg Q. suber, Q. faginear Q. pyrenaicaor evenEucalyptus globulusr Castanea sativ§Casado

and Herrera 1996Louro et al. 2000; Caxia and Oliveira 2003; Serrada etz008. Management practices

for maritime pine vary widely, depending on priorities for different products such as wood, resin, or hunting.
Maritime pine forests are often associated with exmsprone coastal or inland arenosoRiority uses and
functions of Mediterranean pine forests are, hence, mainly soil protection, water regulation and
conservation as natural habitat. SoRepinasteforests, however, present a compatible yield of gosdsh

as timber, fuel biomass and resin. Presence of maritime pinewoods defines several European Natural Habitat
GelLSas adzOK | a ( Riduspife@nd/®RSMisphdsi@B b G 8zZ8EBHnnn O2RS HHT
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aSaz23Sly LAYSaQ o6dppnnos GKFEG NBIjdzA NBL 32FB OAKSE dINR
Directive (Council Directive 92/43/EEC of 21 May 1992 on the conservation of rebitts and of wild

fauna and flora=C 201} In large part, natural pine forests have remained only at sites without aptitude for
agriculture or other uses (poor or no soilgcessive slopes, etc.) and thanks to their inclusion in networks of
protectedl NBI & dzy RSNJ f S ff& O0AYRAY3d y2N¥az &adzOK Fa GK
C2NBaita 2F tdzoft A0 Ly i aridBSaninatuta MedtSraidsah matBne piveaiests v | i d
are managed obligatory under a multipurpose approaol with consideration of primordial protection and
conservation issues implied (soil, water, wildlife, landscape, fire prevention, etc.). Even maragedgpine
plantations derived from mi@0" century afforestation are today often aimed to be transfed by selective

cuttings and enrichment plantations, or to evolve spontaneously, int@dand structurally more compbe

forest types, given their preferred protective purposes.

Figure2.12: Aerial viewof pure maritime pine ageclass forest, shaped by
management for resin tapping as main forest productive activity sincé"19
century (Coca, Tierra de Pinares [Pinewood County], Spain).

For obtaining natural rosi(processed and solidified resjmgsin fow from pine stems can be induced after
local bark strippingmechanically by cutting grooves in the underlying wood or chemically by applying
stimulants, often acidTheresin is collected in potsx&d beneath on the stem. In temperate zones, tapping
adivity is clearly seasonal, foxample in the Mediterranean region it starts in Mardine and finishes in
OctoberNovember, with resin flow peaking during the summer, when high temperature increases resin
fluidity (RodriguezGarcia et al. 20)5Inducedmean annual yield is about£2 kg resin per tree/(iaand
Martin 2003. For allowing a profitablexploitation by a resin tapper, eveaged pure maritime pine stands

are required for optimising workflow, because each tree must be revisited ev2mydeksduring the season

for renewing the wound, collecting the full pots, etc., allowing for a batch of up to 5,000 pine trees to be
attended by the same worker. Pines need to reach a minimum stem diameter before startingxtesitien
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(e.g. 30 cnDBH, hene stands generally come into production at half the rotation age. Since the l&te 19
century, these requirements for eveaged stands had implied a huge effort in forest planning and
management for achieving those regular, pure starideyemulate the chssic agelass forest management
aedaidsSy orasSR 2y (GKS tNHzaaAly ab2NXIf gl tRE LI NIFRA
continuous chessboartike pine forests in Southwestern Europe, nowadays regionally valued as emblematic
forest landscapes here villages are mere clearingsibedded in the forest matrigcigure2.12). On the other

hand, the ability of the species to grow in very poor, eroded, bare soils, and under prolonged drought, has
been one of the reasons for its wide use in afforestation progrdmsughout countries with Mediterranean

climate, for soil protection or ecosystem restoration, and, if compatible, for wood and/or resin production
(Alia et al. 1996; $mda et al. 2008Mutke et al. 2013

Until 1980, resin obtained from pines had beeregionally very importanNWFPas a raw material for the

chemical industry. In Spain, the ri@um resin production had reached 55,000 tonnes in the 1960s, but then
RSONBIFaSR FYyR ySIFENIe& RA&FLIWSENBR I TSN 1988 Dujh@a Ay i
two decades, annual Spanish resin output had been less than 5,000 tonnes. A similar trend, (although with a
10-20 yearlag), can be observed in Portugal, where the production reached 108,000 tonnes in 1986, but
reduced very drastically thereaf, 63,000 tonnes in 1990, appdmately 30,000 tonnes/yr in 19997 and

only 5,000 tonnes after 2004. The world production of rederivate products reached its mianum in 2007,

when the rosin productionxxeeded a million tonnes and the turpentine praction 170 thousand tonnes.

dzih AAYOS KENNIE I/ KA g2 QAR Gaxportér Argppeyd FraimdaMImillion NaBrieshiy S
2006 to less than 0.25 million tonnes/year, owing to its need to supply the own growing chemical industry.
This shortagela F2NOSR F adGNRBy3I LINAROS AYyONBFasS F2NJ yl GdzN
Y2NB GKIFIY H €ek13 AY Hamm® | f ax@actionkntethoBRsS dSHin2d Witls y (i 2
breeding programs, are of importance for this NWFP. These conjenbtis allowed for current resurgence

2F (GKS 9dzNRBPLISHY NBaAAY &dz0aSOG2NE adzNLJ daAy3a Ay Hn
AY { LI AYyS c YKXKESEAD®Y Piloskeyal. 2020NE Daggtsfinz #013; Picardgmd Pinilos

2013; SORENA, 2016

Nevertheless, investment in European resin value chain development is hampered by serious uncertainties,
concerning both the resin and rosin world market prices and the currently high unemployment ratbsighat
presed on labourcosts and mde resin tapping profitable. But there is especially one high biotic risk
associated with the spreading of the pine wilt nemato@isaphelenchugylophilug, one of the most
dangerous threats for European coniferous forests, not the leasth®@rsusceptible maritime pine that is

killed in Portugal already massively by these quarantine orgar(iisms:s da Silva, 2013as et al., 203).

Summary of key points and knowledge gaps:

Due to the lasting abandonment of resin tapping as relevant esoo@ctivity in Europe since 1980s, that
fall together with the only recent strong development of modern forestry research in southern Europe during
the last twenty years, there have been few innovations in related silviculture practices, nor many papers
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about resin yield and its modelling either, though maritime pine itself has been one of thestueked forest
species in Spain and Portugab(neand Faias 201)tand numerous studies and growth models are available
that might allow a linking of resin yilby tree size[BHor crown dimensions) and other covariates as
modular model complement. Since 2006, a new research line on resin tapping has been developed at the
Regional Forest Technological Centre (CESEFOR) in Spain, centring on tapping methecisariisation

and ergonomicsHinillos et al. 2000 In that project, several ten thousasafpluri-annual singldree resin

yield data were obtained that have allowed analysing weather and tree covariate effects: Induced resin flow
is strongly related talimate, especially to high temperatures in summer and moderate drought. Additionally,
strong differences among individual treesist and are stable among years: mean annual individual resin
yield was less than 3 kg, but the most productive trees yielaede than 6 kg each year; larger, more
vigorous trees especially produced more resin. Also lower stand densities/basal areas per hectare increased
resin production per tree, though not per hectaredig et al. 2010; Rodrigu&arcia et al. 2014, 20).5The
potential for genetic improvement might be high because the resin yield of the individual tree is under strong
genetic control, and progenies test for high resin producers are advanééd ¢t al. 2013 But
environmental risks and priorities possiblyllwimit its applicability because a genetically narrbased,
productioncentred silviculture might involve xeessive uncertainties in a scenario of ongoing climate
changes towards a warmer and drier Mediterranean area.

Silvicultural practices in maritime pine:

In this contet, the present silvicultural guidelines are only updates for the ecology and state of the art in
specific silviculture and models included already in the previous StarTree DeliverablelD21déad Faias
2014 and D2.2.%anchezGonzalez et ak015).

Natural regenerated stands can present over 2,000 trees/ha. Plantations range from1170@0trees/ha in

the pure stands managed by the Forestry Service (often forest restoration) td.,800 trees/ha in pure
stands managed by private owners for productive aimsi(o et al. 2000; Serrada et al. 200k Portugal,

most stands derived originally from plantations containing genetic materials from Leiria national forest. In
Spain, there are numerousatural forests grouped in 20 provenance regiohss et al. 199%; which are very
different regarding soil requirements, climate adaption, growth, stem form and performance in plantations
(Alia et al. 1991, 1997 The appropriate provenance should belected to ensure adaptation to the site
(Serrada et al. 2008

Clearing of firgprone shrubs (especially cistus, heaths or brooms), if present, is usually necessary to avoid
propagation of forest fires. It also allows easy walking through the foresetdhg resin.Therefore esin
exploitation that implies clearing by the workers within their work schedule can be seen as tool for active
forest fire prevention Gerrada et al. 2008This view of the resin as a contribution to the defence against
forest fires was the basis of a European proje&lUSTFORESFarticipated by France, Portugal and Spain,
which aimed to facilitate multifunctionality, conservation and rural employment in the territory of southern
Europe by gtracting resin [(ittp://www.sust-forest.el).

Thiss peojec] s reosved funding from the
Euraapsesans Linianis Saverah Programme ¥t
researh. echnologcal development and
demorsiration under grant agresmen ko 512385


http://www.sust-forest.eu/

28

Formative pruning is almost never necessary, because the worse trees will be removed in the first thinning
treatment. A noacommercial thinning before the age of-1® years reduces stocking density to 80Q00
trees/ha (Louro et al. 200)) Traditional thinnings aimed at reducing stocking density to2%Dtrees/ha (in

Spain) or 30600 trees/ha (in Portugal) at 300 years to attain the necessabBHto start resin atraction

(Baudin 196}§ resulting intwo or threeheavy thinning treatments before this age. This minimum diameter

is regulated by specific legislation that considers two types of reginNel O (i A 2 Y Ytreésiar tapp&dr G K ¢
heavily during 4 years immediately preceding fellpg NJ & ImeakisiShiat the tree is tapped during
several decades in a sustainable, lower intensity no damaging the tree stromd®prtugal, the minimum

DBHis 19 cm (60 cm in circumference) and 25.5 cm (80 cm in circumference) toxéshle OG A 2y G (0 2
anda I £ A @S¢ 3 NB&RILISOMHAN D SHak this minimudBHA & | 62dzi on OY F2NJ
depending on the number of consecutive tapping faces that shall be opened on the tree, normally four or
five, each of which will last for during éconsecutive years of resin productioril(tke et al. 2013

Table2.8: Management regime for combined timber and resin production

High site quality Low site quality

Age Trees/ha Operation Age Trees/ha Operation

0-20 1000 Precommercial thinning if N > 100|0-25 1000 Precommercial thinning iN > 1000
Lowpruning to 2 m when trees are Low pruning to 2 m when trees
6 m tall (500 trees/ha) are 6 m tall (500 trees/ha)

20 500 Thinning from below 2530 500 Thinning from below
Highpruning to 4 m when trees High pruning to 4 m when trees
are 12 m tall (300 trees/ha) are 12 m tall (300 trees/ha)

25 250 Thinning from below 3540 250 Thinning from below

30 200 Thinning from below 4550 200 Thinning from below
Start production sulzycle Start production sub cycle

80-100 Regeneration cut 100120 Regeneration cut

Before resin tapping fell in disuse thirty years ago, pruning usually started when treesDiaidad 10 cm.
Trees were then successively pruned to a height of 4 m when reaching the age for starting t&pping (
1963; Oliveira et al. 2000Nowadays, trees are only pruned up to-2.%n after the first thinning (at 20
years, i.e. tree height = 2% m) and a high pruning treatment-5 m) is applied only to the 1500
trees/ha (Spain) or 36800 trees/ha (Portugal) remaining after the last thinning that are being tapped (when
trees are 340 years old, i.e., tree height =-18 m) (Louro et al2000; Serrada et al. 2008

The rotation ages are usually between 40 and 45 years in Portugal and 80 and 120 years inoSpais (
al. 2000; Serrada et al. 2008
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Table2.8). Maritime pine standsxloited for timber or resin are almost always evaged, to facilitate and
optimise resin tapping and harvest operations. Three sub cycles are established throlifghdahthe stand:
Regeneration sub cycle (the necessary time to obtageneration); Development sub cycle (the necessary
time to get the minimum dimensions to start resirteaction); Production sub cycle (time period in which
resin is atracted). Aveage production of resin is abo@t3 kgiree/yr (usually from 1 tdb, with very few
trees excceding D kglyr) (Palma 2007; Serrada et al. 2008; Mutke et. al. Y013

2.2.3 Blackpine resin(Pinus nigral.F. Arnold)
Authors:HV, MMM
Ecology:

The black pineRinus nigral.F. Arnold) is a coniferous evergreen tree. It needs full sun to grow well but is
undemanding regarding local soil conditions. The black pine hasmansve, robust taproot system and
survives annual precipitation under 600 mm and summengdhds. It also can handle temperatures down to
-30°C and is resistant against anthropogenic emissionsv(arz 1934 Seual maturity is reached between
1540 years. It blooms, depending on the site, from April to the beginning of June. The mature sesd con
are 5to 10 cm long and they ripen in autumn of the following year. The-dispkrsed seeds are distributed
when the cones open from December to April. WHennigramatures, it usually has an umbrekhaped
crown. The black pine trees in Austria caach an age of up to 800 yearso(ilross 2006

Distribution:

The black pine occurs across southern Mediterranean Europe from Spain to the eastern Mediterranean on
the Anatolian peninsula of Turkey. Small populations can be found in the high mountains of the Maghreb in
North Africa. The subspeciés nigravar. austriaca has his northernmost natural distribution in eastern
Austria. On poor, dry dolomlime sites at the eastern border of the Alps it naturally forms open pine forests
(Frank 199). In Austria blaclpine forests can be found covering @20 hectares asyse stand and the
species occurs in xture stands on 8@00 hectares. Most of the stands are artificial planted since the 18
century (ohlross 20056

Utilisation (timber):

Although timber characteristics &f. nigraare comparable withP. silvestristhe timber value of black pine is
much lower. This may be a result of the high concentration of resin, whereby surface processing of the wood
is more difficult. Therefore, black pine is not wedteived by carpenters and craftsmefc(inabl007).
However, an important and interesting usage of the timber is as wooden floor in theatres, since black pine
planks do not squeak. In former centuries, resinous splints fporeswere used as kindling and torches.
However, based onxpert opinionthe utilisation of the timber of trees tapped with modern instruments is
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not only still possible butven allowsan easier processing in sawmblscause of the reduced concentration
of resin.

Utilisation (resin):

P. nigrahas the highest resin content of allf@pean conifers. Resin is axinire of organic compounds such

as resin alcohols, resin acids and essential oils. More than 200 constiteuits be detected{ohlross

2006). Resin was first used as bonding agent for arrows and spears. The old Greeksnamd Bsed pine

resin as natural remedy against gynecological disorders, cough and asthma, pain in the limbs or open wounds.

The etraction of resin, so called pirRpping, has a long tradition in Austria. Pia@ping requires the
wounding of the stem gtiace, to artificially increase the resin flowdhnabl 200)L First reports of pine
tapping in Austria were recorded in the12entury. Resin patches and ointments were used as universal
remedy. The economic importance of resin rose at the beginnirigeot8" century, when large areas were
reforested with black pine, also to stabilise aeolian sand soils. During the peaks of the production in the late
19" and early 28 century up to 5,000 tonnes of resin were harvested in Austria each year, whichregide
production more important than the utilisation dflack pinewood (~rank 199). In the 1960s resin lost its
importance due to a number of factors, including forest fires, the absence of workers, the overageing of
stands, but primarily because of tlirevention of artificial petroleum products and cheap import of products
originating from resin derived from foreign countries.

Today resin production oP. nigrais almost entirely managed by the Pecherhof Hernstein in Lower Austria.
The resin company the last of its kind in Austria and employs eight resin workers. Pecherhof Hernstein is
the only natural resin production facility in Europe without chemical stimulanisa( et al. 200). Around
10,000 trees are used for resinxteaction. Each pine cayield 2.54 kg raw resin per year. Around 40 tonnes

of pine balm, the miture of resin palm fatandbeeswa, are produced each yeas¢hnabl 200)L

By distillation of the raw resin, colophony and turpentine oil are obtained. The Pecherhof uses résimier

and creams. Colophony is used in many places, e.g. in the paper industry, in adhesives, in medicine products,
detergents, in electrical and plastics engineering, in cosmetics, as rosin for violins, in varnishes, colours and
paintings, as incense matal and in vine production (Retsina). Turpentine oil is mostly used as binder and
dilution in colours and varnishes, as leather care product and for pharmaceutical compounds.

Silvicultural guidelines for promoting resin production &finus nigra

Kohloss £006) argues that a absent shrub layer is important for the accessibility of rdapped pine
stands. He points out that straight grown trees facilitate the treatment and enable climbing per ladder.
Schnabl Z007) indicates that the logging of resiapped pines should be done before the operating life

Thiss peojec] s reosved funding from the
Euraapsesans Linianis Saverah Programme ¥t
researh. echnologcal development and
demorsiration under grant agresmen ko 512385



31

exceeds 12 years, because until then influences by resin production have only a small effecgaoalitye

and hencethe value of its roundwood. Apart from this, silvicultural guidelines are scartlesi literature.

This might be a result of the in general little importance of reajping. Most advices that were found in
(popular) scientific papers only include tips on the correct and best protecting treatments of resin trees.
Some of them are:

1 Resn-tapping should not be started earlier than on trees witbBHof 30-40 cm (90 to 130 years).
Only on poor sites the work shall start with a smald&H(Schnabl 200).

1 The trees should be given a rest for at least for one week (ideally three weeksgadte tapping

f ¢KS dzaS 2F (KS Y2RSNY dal 20St OSNFI KNBy£3X gKSNB
surface is recommended. This leads to less contamination with splinters/dirt and a higher yield of
resin ohlross 200p

Bojar et al. £007) pointed out the fact, that resitapping in Austria is economically worthwhile. When
tapping a tree over 30 years the rental yield of ten trees can be acquired. Yet the need for resin is low and
the work is heavy, whereas only few forest owners choosealtésnative.

Often misgivings are voiced regarding the negative influence of resin deprivation on the health of trees.
Nguyen {992 found out, that in general trees continue to grow normally, when réapping has stopped.
Negative effects were identifiewith trees that were already infected by root rot or honey agaric fungus
(Armillaria sp). Also resirtapping might result in lower resin production and higher needles loss, when
pollutant contamination is high. The protective effect against insect fafe can diminish in the course of
resintapping operations.

According to the elaboration of SchnaBD(1), vitality of resiatapped pines is not different from unused
trees. It is assumed that tapped pines have evolved adaption strategies by incregng flux, to
compensate the reduced sapwood area.

A reduction in timber quality is possible when pines fill the sapless tree core with resin as protection against
insect infestation. This leads to a disadvantage regarding the further processing i tirdbstries, as the
timber is not usable for carpenters and too heavy to be used as lumber. Indeed, when applying the nowadays
O02YY2Yy Gl 2060St OSNFI KNBy ¢ G§SOKyAljdzSE GKSNB ¢l a yz2i
of the inner trunk een after many yearsSchnabl 200l Moreover, modern lumber mills seem to have no
problems with resiffilled stems, while in older establishments saws agglutinated which led to a higher risk
in handling.
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2.3 Tree fruits, berries and leaves

2.3.1 Wild cherry (Prunus aviuni)
Author: JSLM HS
Description:

The wild cherryRrunus aviunh.) is a fast growing tree with can reach-20 metres in height. It has a straight
stem and prominent blossom in Apahd May(FVA BadeiwWirttemberg 201). The fruits of wildcherries

are known for being smaller with less flesh than their cultivated counterparts, the stone of wild cherry
constitutes a large proportion of total fruit volume and weight.

Ecotype:

Wild cherry displays a preference for warm and sunny siiess(xer and Spieckerl988;Joyce et al. 1993

the species is noted as having a relatively high water demand, mean annual rainfaltiaqgtedy 700mm

and above with an mean summer precipitation of above 120 rome(lo et al. 201)3 Best growth can be
observal on sites with deep podsolised soils overlaying calcareous parent material, thus allowing for
sufficient root developmentH{ryor 1988; Savill 199%pieckerl994;Joyce et al. 1998Pretzsch et al2(010)
suggested that the growth of wild cherig the most site dependent species among common forest tree
species.

Specific/generalised location andimatic adaptability:

Wild cherry can be considered widespread throughout Europe and beystahding north into Scandinavia

(to 61°N), south into northerifrica and west into Asia and Sibefiayor 1988; Savill 1991; Ducci and Santi
1997; Joyce et al. 1998 owever, it is difficult to ascertain the natural range of the species due to widespread
and long term cultivationJoyce et al. 1998Since altitudend thus mean annual air temperature affects the
potential rate of growth of. avium the species range can be found from sea level in northern latitudes, to
1,700 m in southern location®(yor 1988; Coello et al. 2013; Ducci et al. JOPare standsra rarely found,
rather as a scattered component of xad woodland or occurring in clumpBicci and Santi 1997; Thies et
al. 2009; Ducci et al. 20)&and may be present as lone trees within fields, at field edges, utilised within
streuobstlike systems (@rosilvopasture) or within planted high intensity orcharBs.aviumis intolerant of
frequent drought stressHemery et al. 2010; Savill 19210n the contrary soils must be moist but not
waterlogged or stagnant(vans 1984; Pryor 1988; Savill 1991; Jeyed 1998; Hemery et al. 2010; Ducci et
al. 2013. Changing climatic regimes may alter site conditions shifting once ideal sites to marginal ones.
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Forest speciesand habitatconservation:

According to current research, no apparent conservatatues were associated with wild chermfo
reported habitat conservation requirements are apparent.

Current longterm forest development goal:

Veneer production represents the main use of wild cherry timblemand for this usage is only second to
that of walnut timber Ducci et al. 201)3 Therefore, production goals for such a product stipuabranch
free log lengths 05 m or more, but this has been reported to range between 4 andhl%hies et al. 2009;
Hein and Spiecker 20pwith a mean midinderbark diameters greater than 40 cm and with a knotty core of
less than 10 cm in diameterdyce et al. 19983

Current silvicultural management system:

Pure wild cherry stands are commonly established by active planting activities. Appropriate ptantsize
two years old nursery trees (1+1) at a height of 1260 cm Gpellmann et al. 2004Trees should be planted
in rows with a density of 200§ 3000 plants/ha. If trainer treesT{lia cordata, Carpinus betulus, Quercus
robur, Acer campestre, Fagaglvaticg are used, this number can be decreased to 100800 plants/ha
(Spellmann et al. 2004; Pretzsch et al. 20Furthermore, he number of plants caalso bedecreased when
the genetic quality is controlled and artificial pruning is appliedigpnann et al. 2011).

Formative pruning of potential crop trees should be applied &eight of2-6 min order to remove steep
branches and forks. Before the secaqmaining (6 m heigh) 100- 150 potentialcrop treecandidatesha are
selected at an avege distance of 810 m. Latercrop treesshould be selectedhrunedand released ira
distance @pending of thearget diameter (g. The distance betweerrop treesshould bed: x 25.In order
to obtain a high quality product, artificial pruning is of upmost necessity and is frequently advo€ated (
1954; Balandier and Dupraz 19@9sterbaan et al. 200Gpringmann et al. 201Nahm et al. 2015 As soon
asthe targeted crown basés reached trees are continuously released so that no branch wi(Sdiecker
and Spiecket989.

The main intention opruningand thinning for wild cherry is to maintain and develplear bole as well as
a healthy and vital crown to ensure godiameter growth As cherry trees are susceptible to root rot when
they get olderthe target diameter should be reached at an agé®to 80 years $piecker994).

Revised silvicultural prescription:
General Thoughts

The production of high quality timbdor veneer production and the commercial-pooduction of cherries
at the same time are impractical since the traolés between the two production systems are large. But if
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the main focus stays on wood production and some additional silvicultural guédetire followed, the
coincidental ceproduction of cherries can create auvantage to the land holder, especially when the
landholder has a direct usage for the fruit (e.g. schnapps, culinary usage). The production of cherries should
not impinge too gredly on the highly profitable goal of producing high quality timber for veneer. But when
low grade timber is being produced an element of compromise can be considered. The land holder should
have some means of harvesting equipment and transport for thedsaed NWFP. Many of the suggestions
made herein are theoretical perimental quantification must follow.

Establishment

As the growthof wild cherry is highly site dependent special focus should be spend to include the species
within suitable sitesKretzsch et al. 2090 When included in méd broadleaved woodlands, the trees should

be planted in clumpsather than as solitary trees. Attention should also be spent to selected relevant
provenance and strong genetics for cherry production. The iraiusf wild cherry within widely spaced
FINRPF2NBAGNE aedaidSvya oKSNB | 00Saa Aa 3J22R YyR W3
(Morhart et al. 201), silvicultural treatments can be adapted for the production of fruit as a secondary goal
to producing timber. Within widely spaced agroforestry systems the technique of grafts may also be applied
for the increased production of desirable cherries early after establishment. The grafting scions of known
cultivars atop an established rootstock (preble anorR ¢ | NF Ay 3 @G NASi& &adzOK I a
this goal. This method has been previously employed with both walnut and sweet chestnut in Eveope (

et al. 1998; Conedera and Krebs 2)1Grafting can be conducted when the stem of the planteotstocks
presents a height greater thanrg, this may be reached three to four years after planting with 1+1 stock.
When grafting high focus should be taken to minimise the damage to the tree, while the use of a strong graft
should be made, this provid a high contact graft union. This is practiced in order to reducing the healing
time while increasing the rate of successful grafts. Healing time is of special importance, since wounds
(especially slow occluding wounds) cause a high risk of fungalimfectvhich can decrease the timber value
enormously.

Fruit producing trees should be located on forest perimeters and on roadwaysxionmsa the available light

to the crowns additionally access should be provide access for annual cropping. Thenlotates on level
ground facilitates the use of tree shakers and similar equipment, similarly the ground should be level and
free of obstacles to ensure that the shaken fruit can be caught and collected. High levels of light are important
for the increaed production of cherries within forest systems; however, it must be ensured that stems are
shaded to reduce the risk of sun damage (high temperature injury or winter siggs€ais can be by either
seltshading or by shade cast by neighbouraitier trees to reduce the riskf sun damagé€Sheppard et al.
20161). The blossom of wild cherry is also known to be sensitive to late frost eventse( et al. 1993
establishment of wild cherry for fruit production should focus on areas where late frost rigkiimal.

Tending and Thinning
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A larger crown implies greater fruiting potential, which means that less pruning will lead to more cherry fruit;
undoubtedly this presents a compromise towards the target of aimesed branch free bole for valuable
wood production. Nevertheless, a larger crown may result in greater diameter growth. We suggest that a
maximumbranch free log length of 3 may be sufficient whewherry productionshould be a major aim
Nevertheless, ilvicultural best practice should be apgd at all times, he application of pruning is an
intentional wounding of the treeeach wound presents a potential entry point for wood decay. Correct
pruning practice should be applied for rapid wound occlusion, i.e. prune branches when they areafess th
2.5 cm in diameter, keep branch stubs to a minimum (without cutting the branch collar) and aim to optimise
radial increment of the tree by thinning and other silvicultural treants Gheppard et al. 201%).

A coproduction goal ioften impractical wihin mixed stand¢see above)however, wemakesuggesbns
towards how an additional NWFP goal can be achieved without detracting from the existing main (wood)
production system. Wproposea combination of high quality trees for timber with lower quali® class)

but vigorous trees for cherry production with a difference in the silvicultural approach applied toasach
described belowSuch an approach can be applied in both pure (Sgare 2.1¥or mixed stands with similar
outcomes.Thinning shouldemove weaker neighbours to allow full crown development of those trees
designated for the production of cherry fruits. Total tree heighsoeéh2" class trees should be limited by

the removal of apically dominant shoots to create an open and spreading crown to facilitate annual cropping.
This dual system (good quality trees for wood production and medium quality trees for fruit production, plus
lower quality wood at the end of the rotation) leads to less compromise required from individual crop trees
that show superior stem form and diameter growth. Thus, meattiege is no detractiorirom the long term

goal of producing timben example of thetgggestednanagement system is displayed-igure2.13where

cherry trees are planted iline with a distance of 1B betweenrows (Figure2.132). At a height of 10 td5

m potential crop trees are selected and pruned. Pngnactivities are carried out three to fotimes; until

the branch free bole length reach&3of the final tree height. Meanwhile" classtrees are formative
pruned in order tocreate an open and spreading crownd to prevent height growth, aiming to promote

fruit production.Less vital trees are thinnegd gain better light excess for the reximing trees{igure2.13b).

It is important to ensure an unhindered crown development of the crop traed therefore the amount of

fruit trees is reduceaonstanty during the second half of the rotation periodiure2.13c).

Harvesting and Regeneration

After the final harvest of crop trees, the regeneration of the stand can be left for natural regeneration (it is
assumed that cherry stones remain in the seed bank and the presence of root suckers will remain). Likewise,
if some seed trees are left on sitsing a seed tree silvicultural approach following cohorts of cherry can be
established. At anytime wild cherry can be promoted by active planting.
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Figure 2.13: Sctematic of three development stage®f a pure cherry stand, managed under revised
silvicultural guidelinegnote the same approach can be carrietilising mixed speciesstands) The left side
shows crown development form, a topview, while the right side shows height and structure of the trees
from the side(transect depicting the dotted line from the topview).
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2.3.2 Sweet tiestnut (Castanea sativaMill.)
Authors: JS, LM
Description

The chestnut treeGastanea sativMiLL) is considered part of European culture; timber and nut production
within silvopastoral and silvarable production systems started with the Greeks and the Romans who
expanded chestnut cultivation to the whole e&ntral and southern Europédistorically the species was
present in the Mediterranean region in low numbers only. The light dependent nature of chestnut will have
certainly profited from human xploitation timber management. Chestnut was actively introedcand
cultivated in regions where it was not present naturdiljonedera and Krebs 201 Historically there have
been two main purposes in cultivating chestnut; nut production in orchards and fuel wood in coppice
systems. Most current Chestnut forestdginate from one of the two types. Abandoned coppice will often
convert into high forestDuakpurpose chestnut varieties for both fruit and timber production can be found

in some southern European regiorisofiedera and Krebs 20110

Ecotype

Chestnut demads a fair to high annual rainfall surivigns 1984; Gallarelcancho 200)L with summer
precipitaon greater than 13@nm and with no more than 200m of annual precipitation deficit’(varez
Alvarez et al. 2010; Fioravanti et al. 2).1The ideal climatéor the successful culture of chestnut are those
areas that e@perience a temperate humid climate with mild winteisg(tofova and Jankovsky 2003; Urbisz
and Urbisz 200 Sites which are susceptible to late grddrost should be avoided(osterbaan 1998.Jrbisz
and Urbisz 200y Likewise, the annual number of daydhout risk of frost (temperature > 2 °C) is an
important factor, this should total no less thand3months {lvarezAlvarez et al. 2010 Mean annual
temperature is quoted as a limiting factto growth (GallardeLancho 200), moreover, as temperature is a
factor of elevation, growth has been reported to decrease with increasing altithtdeaezAlvarez et al.
2010). Nevertheless, varied estimations of xiraal elevation have been reported (¢800 m to 1200m)
(Bottema 2000; Urbisz and Urbisz 2)0Maximal elevation of occurrence is also dependent on aspect
(Conedera et al. 200, Ldegree of gposure Everard and Christie 19pand latitude.

Specific/generaliseddcation andclimatic adaptability:

Chestnut is native of north Africa, southwest Asia and southern Europe. The centre of domestication is
considered to lie in modern western Turkéy/érard and Christie 1995; Reams et al. Y®ud can be found
throughout Europe due to human influencerpisz and Urbisz 2007; Conedera and Krebs 2(tllas been
speculated that the occurrence of chestnut in Scotland is possibly the most northerly incidence of the species
(Braden and Russell, 2001
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Chestnut displays poor growth on sites with a high wadéle and soils with poor drainage, includimgas

that are waterlogged for only short periods of timé&verard and Christie 1995; Oosterbaan 1998
Converselya low soil moisturestorage capacity in dry climates is an importamwowth-limiting factor
(GallardeLancho 200). The etreme summer drought in 2003 highlighted the potential susceptibility of
chestnut trees to climate change: especially in the driest Mediterranaaas, these conditions may
NEBLINBaSyild GKS fAYAGa grdrangd(Snedeilsn0 XrSoa @)l (idrep&tgditat £ SO
during the last 15 years the regeneration potential of chestnut in northern area such as in middle Germany
and along the Baltic Sea in Poland, has increased strongly. It has been suggested tinatytiie due to
higher temperatures in spring and autumn as well the absence of late friesis| 20092012; Urbisz and
Urbisz 200Y. Indications suggest that the natural distribution afestnut in Europe is shifting towards the
north.

It has been reposrd that chestnut occurs more often in association with o&ksdgrcuspp.) than with beech
(Fagus sylvaticaBottema 2000, this may be attributed to relatively high light demands madelgstnut,
management of the species from above should reflectrdgiirement. However, chestnut can also tolerate
some degree of shading illustrated by its occurrence Wwilyus orientali¢Oriental beech) in Turkey.

Forest speciesand habitat conservation:

According to current research, no apparent conservation eslwere associated with wild cherrilo
reported habitat conservation requirements are apparent.

Currentlongterm forest development goal:

Three main management practices concerning the cultivation of chestnut, driven by distinct production goals
can be found in Europe, namely: high forest, coppice and orciardsira Lorenzo et al. 20).(High forest
production is mainly concerned with th@oduction of high value timber for veneer and furniture, coppice

for firewood, charcoal, wood chips, pole and other small wood products while orchards are utilised for the
production of sweet chestnuts. 7 of the area ascribed to chestnut forest oxed forest with chestnut is
devoted to timber production (1.75 million ha) divided between coppice systems (1.48 million ha) and high
forests (0.29 million ha). The area devoted to nut production is declining and amounts to 0.43 million
hectares (19.36 ofthe total area for chestnut growing_onedera and Krebs 2010

Current silvicultural management system:

Differing silvicultural approaches are necessary in terms of regeneration/plantation establishment, tending
and thinning operations and according tcetkeulture ofchestnut within a forest stand, @oppice crop or in

an orchard A comprehensive state of the art is given by Pereira Lorenzo and R@atwer £004) and
additionally by Tomé and Faia%)(L4) as partof the StarTree deliverable 2.1
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In orderto produce nuts, dependent on the site condition and filant material, a spacing of¥88 m to 9x

9m (Pereira Lorenzo et al. 2010) andxXiI® m to 12x12 m Castro 2009; Martins et al. 20).between trees

is recommended. A higher tree density maydda the need for intense pruning to increase accessibility of
sunlight within the crowngPereira Lorenzo et al. 20).0t should be noted, that in relatively open stands,
fruits are poducedafter 20-30 years, whereby in dense stands the fruit producstarts at an age of 460

years Bottema 2000, and therefore, requires a degree of thinning at a later stagedira Lorenzo et al.
2010). Nut production should be located in areas suited to the culture of chestnut particularly with a low
water deficitand low slope, providing technical advantages for harvest methodology.€zAlvarez et al.
2010. A wide range of varieties have been bred for nut production in southern Europes(d and Christie
1995. A choice of cultivars should be made accordimg market demand. For fresh consumption, nuts
should mature early, be of good size, taste and facilitate easy peeling. For the processing industry peelability,
a low percentage of double nuts and suitability for cooking are paramaddati{ns et al. 201)) Chestnut
cultivars have been traditionally propagated utilising three of four year old rootstocks often of interspecific
origin. Bark or flute grafts are utilised-gitu during early spring often using selected marron type cultivars
that produce desirale nut qualities, such methodology continues to be common practice in the
establishment of orchards”¢reira Lorenzo et al. 20).0There are various budding and grafting techniques
that can be applied for earlier precocity of the crop (Pereira Lorenzal.eR010). Plantations can be
established with grafted plants or by planting the rootstocks first and grafting the plants afteyears
(Pereira Lorenzo et al. 20).(Grafting always aims to increase the productivity and health of the tree and is
essental to establish a productive chestnut orchard.

Formative pruning in chestnut orchards is carried out to shape the crown into a form that is conducive to
chestnut production, creating strong, spreading, equally spaced branches for the production of nuts.
Maintenance pruning is carried out to increase fructification, maintain such a structure, to correct faults and
to remove diseased and damaged limbs that may jeopardise the health of theGeegr¢ 2009; Martins et

al. 2010; Pereira Lorenzo et al. 2).16 order to facilitate a machine based harvesting technique, the ground
must remain clear from high vegetation. Depending on the humidity of the site, different methods are
applied such as grass for pasture or mowing, ploughing and use of herbieiesa(Lorenzo et al. 20)0

Timber production includes thinning to favour trees displaying high radial increment, a substantial height
growth (placing individuals within dominant or -dominant cohorts), plus displaying good form. High
pruning of the selectedrop trees is generally performed to ensure a branch free bole length satisfying high
quality timber requisitesEverard and Christie 1995

Given the differencs in production system relatingthe desired final production gdait is assument that
the co-production of timber and chestnuts is highly impracticamany situationsWithin establishedimber
systems the cliection of nuts can be assuméo be coincidental rather than commercially viable
Revisedkilvicultural prescription:

The sweetthestnut tree is known for its muifunctionality and its wide range of productsi{rudan et al.
2010. The ceproduction of timber and no#imber is not commonplace b combination of systems is
possible and habeen noted in some Mediterranean courds. Ceproduction within the forest is possible;
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this can be optimised if provenances that are site specific with genetics predisposing large nuts are planted.
If current silvicultural practice is applied tionber crop trees acoincidentalyield of nuts wil be harvestable

from the forest floor. For a more targeted commercial production of nuts with an additional timber product
goal a modification of amrchard systenmay be considered. If nuts are of particular importance a wider
spacing is importantaslight availability iscrucial Bottema 2000 suggests thain relatively open stands,
chestnuts are produced after 280 years, whereby in dense stands precocity is much later and chestnut
production can start at an age of €0 years.

Startree proposesn innovative single tree management system where grafted trees can be established
within a agroforestry system or similar as an example of the idea. The proposed management may allow for
a combine goal using choice cultivars while resulting in a hightguaenber product. Note that such an
example may ab be applied to widely spaced mixed stands; however, nut production may be adversely
affected if canopy cover is too dend#&/e propose that chestnutan be established within a wide spacing

with a goalof producing a minimum branch free bole length2 m. Similar systems have previously been
reported to manage to produce a log length of between 1.6 to h.§erzog 1998 Due to a wide spacing
additional livestock farming can also be carried out. Suchgroforesty system facilitates the production of
chestnuts, high value timber and livestock simultaneosbmetimesNBE F SNNB R G 2; Ndh&  W{ G N
2016). According to Castra2009 and Martins 2010 a square spacing @D m or 12 m (70 to 10ees/ha)

is suggested at the time of establishment, thus reflecting the widely spaced nature of the system, however,
densities of as low as 20 treésican also be established. In order to promote nut production with large high
quality nuts early after establignent (as opposed to waiting until individual trees mature and reach fruiting
age) grafting of selected cultivars is advocated. The grafting scions of known cultivars atop an established
rootstock (preferable a nodwarfing variety) can achieve this godlhis method has been previously
employed with chestnut in Spait¢nedera and Krebs 201and in walnut cgproduction systemsh(ary et

al. 1999. Grafting is conducted when the stem of the planted rootstocks has a height greater than 2 m, Hein
etal. 013a, 2013psuggests this will be reached three to four years after plantigen grafting high focus
should be taken to minimise the damage to the tree, while the use of a strong graft should be made, this
provides a high contact graft union. This ragiiced in order to reducing the healing time while increasing

the rate of successful grafts. Healing time is of special importance, since wounds (especially slow occluding
wounds) cause a high risk of fungal infections, which can decrease the timberevadtmously.

To increase the production of nuts a strong well spaced scaffold of branches nursiabed. The utilisation

of formative pruning treatment will allow the shaping of the crown with such an aim of creating strong, well
spaced branches thatillvprovide sufficient area to support nut production and permitting high levels of light
to penetrate the crown. Apically dominant shoots can be pruned to promote forking, the arising branches
can be further pruned to afford the desired crown form, Peaéiorenzo et al. {010 suggest that the
promotion of 4 to 6 vertical branches atop a 2 to 3 m stem is desirallere2.14 demonstrates individual

tree form under he proposed system.
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Figure2.14: Single tree shematic of a grafte sweet chestnut tree with a brach free
stem length of more thar2 m; an open and spreading crown for nut production and
the overgrowen graf union.

If grazing is to be implemented under treefien established in an agroforestry systéemcing must be
utilised in order to protect trees from animal damadddrhart et d. 2019. Furthermore, trees must be
fenced individually to ensure that browsing of the crown, damage to the stem and trampling of the roots do
not occur (Nahm 201) Each tree guard should be constructed as a reasonable distance to the stem
(approdmately 1/4 of the fnal projected crown diametenlt is suggested that under normal growing
conditions within a rotation period of 50 to 60 years, stem diameters of 50 to 60 cm can be rdachect

al. 2013a, 201 3pwithin a Streuobst system we suggest tdameters ovelO cmat the time of harvest are
considered acceptable.
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2.3.3 Checker tregSorbus torminalid..)
Authors:HV, MM
Ecology

The checker treeSorbus torminalig.) is a mediursized deciduous tregrowing toa height ofup to 25 m.

The treeis classified as durable pioneer by spreading seeds, after disturbandedsoby root suckerand
coppicegrowth from the stump [{layerand Klumpp 201} The optimal yearly mean temperature ranige

the species is betweeh0 °Cand 17 °G with a minimum of 7.8C(Kollingand Muller-Kroehling 201). Yearly
precipitationsummust exceed 600 mm with an optimuraf appraximately 800 to 1500 mmS torminalis
reaches sgual maturity at an age of 180 yearsand can on averageteach a mamum age of 100years
Flowering takes place from May to Juni&dfzarka et al. 2003in eastern Austria, where most individuals
can be found, the beginning of flowering is already in the first half of May. The flowers are hermaphrodite,
produced in corymbsrad are pollinated by insects, primarily hymenoptera and bugs. Fruits até& i in
diameter and mature in mid to late autumn.

Distribution:

The main distribution area @. torminaligs Central and Southern Europe. Small populations can be found
in souhwest Asia and in North Africa. One of the northernmost populations stocks on the Danish island Mgn
(Mayerand Klumpp 201} The checker tree grows on warm locations, seetposed slopes and is a half

light demandingtree species. Most individuals are found in daech and hornbeam communities.
S.torminalisis less competitive towards European beeEadus sylvatidaon sites that are nutritious and
have good water availability.

Utilisation (timber):

The rotation griod for stands dominated by the checker tree is between 100 to 120 years, which dilows
production of DBHmeasurementsranging from 40 to 50 cm. In generdhe tree displaysgood natural
pruning and tends not to produce water sproutscfirotter 200). Timber ofS. torminalidgs valuable with
prices around 45050¢€ per cubicmetre and showsa heating valuecomparable to European beechlfiyer
and Klumpp 201} Cabinetmakers and turners appreate the reddishwhite wood andits stability. Timber

is primarily usedfor veneers and saw wood for furniture production and musical instruments.

Utilisation (fruits):

The ruby fruits that grow in umbels do not need frost to be enjoyable, in contrabketfruits of blackthorn

for example The fruits are manually picked with the aid of ladders. The work, which in Austria is done in
groups of 24 persons, isxhausting and dangerous. The collected fruits are rubbed from the umbels, a time
consuming actity, and thereafter further processed. A fertile tree in single stand can carn8@8&kgof

Thiss peojec] s reosved funding from the
Exrapiaary Livion s S =i E

researh. echnologcal development and
demorsiration under grant agresmen ko 512385


https://de.wikipedia.org/wiki/Eurozeichen

43

fruit, in particular cases up to 500 kg. The fruits are primarily used for spirit production, but also for jam, fruit
spreads, liqueur, pralines and chutney, ie&ds, sausages and cakes. They can also be dried or refrigerated.
The blossoms of checker trees are used for syrup productiay¢rand Klumpp 201%

In eastern Austria the LeaderNR 2 SO0 G 9f 806 SSNB 2 A Sy S NeHdmiinBlisfor flita RS &
utilisation, marketing and events with local enterprises and restaurants.

Revised silvicultural prescription:

It is very rare that natural regeneration by seedsSoforminalisis successful. Very often the vegetative
propagation by sprouting from rds is the major source for the regeneration. Anothegood possibility is
grafting The duration until the first fruit production drops down to-1@Q years, instead of more than 20
years when grown by seeds. With the selection of graft trees the passitoilgain suitable trees for fruit
production is increased. torminalisn Austria is seldom bred by generative reproduction but over e.g. root
budding, bud graft or chifpudding (VlayerandKlumpp 201}

Checker treeshouldnot be planted in pure stadsasthe species is vulnerable towards fungal and bacterial
infections. The best design fastablishment withinforest cultivation areto plant ingroups or clusters,
mainlybecauseandividualS torminalisare not verycompetitive in the thicket phase-ipchbichler 2008 Itis

also possible to choose a single tree orientated cultivation in meadows with scattered fruit trees. Here, stems
canreach aDBHof 50-60 cmwithin 50 to 80 years. A canoppverageof 50 %shouldbe targeted to allow
sufficientgrasslandyields.

In youngmixed standsmuch support must beprovidedto S. torminalisregarding the weak intraspecific
competition. Additional measures against browsing are needed. Dense stands are required to support the
natural pruning and reach a branchk stem of a length between2 m. In wigly spaced single tree
orientated cultivations, shaping the crown Hyinning as well as artificial pruning in the young and thicket
phase are necessary, beginning with a tree height-8fr, sincenatural pruningonly occursunder shade
conditions VayerandKlumpp 2013 While the diameter growth 08. torminalian cumulate with 60 years

the height growth can cumulate with 30 years. Therefdteis important to favour selected crop trees
continuously as the crns need sufficient growing space. In case that the competition from neighbouring
trees is too large, the angles of the branches will be very steep as they are growing towards the light
(Studhalteret al. 2001). This reduces the tree quality. In young ¢nophase it is important to remove
individuals with negative characteristics (forked trepsor quality trees) and conduct some individual
tending of the crown. In the thicket phase it is important to support the natural pruning of the trees and
perform no additional tending measures (only in case that the tree number is too high). In case that the
natural pruning is not working sufficiently, artificial pruning can be made3re@tries, considering around
60-80 crop trees with an average distance of@4m. The total height of the artificial pruning should be
less than 6 m at this stage and thr@wn length of the selected trees should be more than 40% (Hochbichler,
2008). At the later stage a selective thinning will be performed to favour the crop tress-amadrapetitors

should be removed with each thinning entry. The following measures shargdt to the development of
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the individual crowns in order to increase the diameter growth and reduce the likelihood of dead branches
in the lower part of the crowigStudhalteret al. 2001). This will lead to improved timber quality and support
the produdion of fruits as well.

Regarding potential damaging facto& torminaligs robust against winter and spring frosts. It has a good
stability against windthrow, at least those individuals grown from seeds, but is sensitive towards herbicides
such agylyphosate. Checker trees are possible carrigiéire blight, which is a notifiable disease. However
this disease is not relevant @& torminalisuntil now. As most promising seems to be the recommendation

to concentrate on mied forest stands (mainly oak pme trees), which can reduce the vulnerability against
the fire blight.Leaf scalfby the sac fungu¥enturia inaequalisis the most important leaf disease, which
mostly evolves under wet conditions and leads to the loss of leaves. The checker trdeeimble to
Verticilliumwilt. Also the pathogens of wood rot can be a problesnch asArmillaria spp. Pholiota
squarrosaGanoderma spporlnonotus sppon old trees Echroder et al. 20)1Deciduous mistletoes might
affect checker trees but can bemoved bypruning, and can also provide an indirect NWFP benefit

S torminalisis only endangered by insects to a minor degree. The greatest hazard for this species comes
from mammalsBrowsingfrom game speciemight be observedncludingrabbits meanwhile,water voles
and short tail miceanthreaten the root growth i{layerand Klumpp 201}

2.3.4 Limetree (Tiliaspp.)
Authors: EZB, DK
Description:

The linden or lime tree is a membef the Tiliaceaefamily among appraimately thirty species of trees,
native throughout most of the temperate Northern Hemisphere, in Asia, Europe and eastern North America.
It is a tree of 26B0 meters in height with dense branches and wide crestipglou et. a009. The size of

the leaes is 510 cm in length. Flowers blossom in June and July and are harvested together with leaves and
let to dry in the shade.

Ecotype:

T. platyphyllogrows in the lowlands and foothills of mountain regions as ailiaty tree in mxtures with

other broadleaved tree species up to an elevation of 1,800 m in the Alps in central and south Europe.
T.platyphyllosand T. cordataare found in Italy on warm and wet sites with an abundance of nutrients.
T.tomentosagrows up to 1000 m in elation in Romania. In Bulgaria tomentosagrows in the north

eastern part and is found in the flat hills and foothill of the Mizian zone, covering a 17,273 ha area. In Greece,
T. cordata T. platyphyllosand T. tometosaare found in the vegetation zoned deciduous broadleaves in
mixture with beech, oak, ash, and maples; pure stands are very rare up to 1200 m eleVtohinden
generally grows in northern part of Turkey, for instanparticularlyin the regions of Marmara, Western
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Black Sea, Centrahurus Mountains and Northern Anatolia. Generally, the speciasén both boreal and
temperate zones.

Specific/generalised location:

The distribution ofT. cordatas strongly correlated with the temperature of northern Europe with an annual
isotherm of + 2 °C and July isotherm of + 17 °C2(NJ G & Za 1 I | 19%R). Its distributiandsi | A
suboceanic to subcontinental and it is most abundant from nesist France through central Germany and
Poland to central Russia and north Ukraine. It is commahé Swiss plain and the lowland parts of Austria,
Czech Republic and western Hungary, occurs sparsely in the Alps valleys. The majority of the southernmost
localities are at altitudes above 200 m and on nehing slopes or cliff$3arnal996. It is almost certainly
summer drought which determines the southern limitTofcordatain the Mediterranean region.

Forest ype:

The linden tree grows mostly in xaid forests with other deciduous treesich as beeckFagus sp.)pak
(Quercus sp, maple (Acer sp.,)hornbeam(Carpinus sp. as well as coniferous species such as Norway spruce
(Picea abies)Scots pingPinus sylvestrisyew (Taxus sp.)and silver fir(Abies albayas cedominant tree
species as a result of its vitality and adaptatioth® changing environment. Pure stands can be found in the
eastern part of Europe (i.e. lime or linoak forests in Russia).

Ecology:

Linden requires light and humid areas growing on rich soils, mesotrophic or mesoeutrophic, fresh or
moderately moist, wth mull or moder humus. Such soils have neutral or alkaline pH soil reaction. Lime
prefers sites with higher calcium contefitaworskil995. T. cordatagrows naturally on a wide range of sail
types from podzols through brown podzolic soils, brown eaghd brown calcareous earths to rendzinas
(Radoglou et. al2009. It can be found on soils with a wide range okttees: from soils with a high
proportion of clay and silt to those containing mainly sand or a high proportion of pebbles, as well as on
screes and block scree¥arioustaxon of Tilia require different ecological and climatic conditions. For
example,T. platyphyllogrows well on the region where the averagenperatureis above-3 to-8 °C, and.
cordatafrom -7 to-16 °C i{orotaev1994) with an upper limit of 44 °Clhe speciess susceptiblespecifically

to stagnant waterl(yr1993. Almost alllime species, especially platyphyllosare resistant to drought, dry
winds and low temperaturesThe Lime species may well be useda@smercialpurpose as well gsrotective
planting Biryukov19917).
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Ecologicakituation/ cdimatic adaptability:

Lime trees can mainly be found as calominant tree species in med stands either with softwood or
hardwood specieasa result of its vitality anéddaptation to the changing environmenthe adaptation to

the environment and/or various climatic condition may well be dudtd a & ¢ I ASINBYAa G AyyR3 & G |
Thespecies can play a positive role in fordsivelopment orrelatively poor sitess the leaves decompose

rapidly (Hommel and DeWaal 2003). Pure stands i@aaly be found in the Easterkurope. There are not

specific studies to pinpoint its true adaptation to changing climate condition. However, the specigé® is g
tolerant and can be méed with various broadleaved species and deciduous species across Europe. As such,
this wider ceexistence with many other speciassiggest arinclination towards an adaptation to ehanging

climate.

Forest conservation

Accordig to current research, no apparent conservation values were associatedimélrees. However,
lime trees within med broadleaved high forests are suggested to be protected. Their inclusiomtimesi
is favoured by silvicultural treatments becausetloéir soikimproving abilities, better site utilisation and
landscape aesthetics.

Longterm forest development goal:

Lime trees are used as supporting or trainer trees in fviglne oak stands and used in urban areas such
parks, streets, and roads aliée trees Mixed stands with linden trees having vertical structure are favoured

for the maintenance of structural diversityeneer (rotation 8aL00 years) and sawlog (8D years) are two

primary timber products as production goals. As a major NWF8ugtmn goal:ihden flowers are used in
products such as herbal tea, and as fragrance in perfumes and soaps, essentidiradts,dotanical facial

masks and creams, sun care and body lotions and shampoo, bath and shower gels. The trees are also
frequently used as ornamental trees by urban forestry in streets and parks. Quality of lime tree is obtained

in well stocked méed stands.

Speciesand habitat conservation:

No reported habitat conservation is apparent.

Establishment:

The tree has specifiddlogical and ecological properties such as regeneration by stump/root suckers, almost
annual fructification, and maintenance of soil fertility by the rapid decomposition of litter foliage, shade
tolerance. Seed production as well as flowering of treesiisegt about 280 years, but trees originating
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from suckers bloom Q5 years earlier. The tree bears rich seeds generally3ay&ars intervalsThere is a
double dormancy germination prevention problem coming from hard shells and endosperm that needs
special treatments before production. To overcome the obstacle, the seeds are treated with [@fe
sulphuric acidSQ), are put short in hot water or are scarified with mechanical tools. The-aegetative
production, particularly cuttings from theots, is a successful production system. Grafting and layering are
successfully used to reproduce the lime tree.

Tending:

The first cleaning/respacing is performed at a stand age oflDyearsfocusing on the upper storeio
eliminate nondesirable pecies and defective trees (forked trees or other undesirable defects) and repeated
in 4-6 years of intervalAfter tending, canopy closure is assured a®80

Thinning:

Thinning starts at 2@5 years for spacing of future crop trees. Rotation of thigrincreases from-b years

in pole stage to A0 years in higiiorest stage. Thinning ceases at@b years with the ¥ception of silver

lime stands targeted for the production of veneer logs. In such case, the last thinning is applie@Gat 60
years. Theearly growth culmination as well as the quality development of lime stands requires the
application ofselective thinningin younger stands and moderate thinning in older stands. Kamgle,
T.cordatareaches 3510 m in height on good sites and develdpanchfree stems in fullystocked stands.
Stem quality is best in very dense stands, where the percentage of forking is reduced 993).

Maintenance:

Lime trees are maintained in xed stands for stand durability and natural structure of floeest during
regeneration because of their sathproving abilities, better site utilisation and landscape aesthetics.

Harvestingand regeneration:

The biological rotation age varies between 150 and 200 years, while the technical rotation ages tary to t
objectives (5660 for sawlogs, 8200 forveneer logs). Due mainly to germination prevention, there is no
specific system for natural regeneration of Tilia. However, lime regenerates naturally under the stand canopy
during the shelterwood cuttings onch sites. Generally, vegetative reproduction is very important for
populations growing on the border of its natural range. Lime trees sprout strongly after cut and show no
decline in sprouting vigour with agei@ott 1991). This ability is a part of a lilgrategy that allows the
possibility of outnumbering other species. Thus producing sprouts prolongs the life of lime trees, even after
damage to old stumpgradoglou et aR008). Although lime seedlings and saplings are able to survive under
dense shadetheir growth in the third and fourth years needs more light for a successful regeneration.
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Revised silvicultural prescription:

Pruning has not been an appropriate method for better flower production. Fill planting under the shadow is
recommended fothe low crown coverage standSoppice like cutting systems including sprouting, layering
and pollarding should be favoured as practical silvicultural prescription. As for NWFP, no apparent
silvicultural prescriptions were found to be used for the specitimagement of lime tree flowers. However,
coppice like management and intensive thinning to give more space for more branches and thus flowers are
encouraged. Rehabilitation or revitsdtion and plantationneed to beapplied to limestandsin different

regions of TurkeyThe revised silvicultural practices about Lime tree need to favour larger crown generation
in a stand. The larger the crown the more productive the traesF 2 NJ £ ST @S I yR Flim2é SNE Q
trees. Therefore, density managementliofie trees would be very effective in managing the stand for NWFP.
Additionally, early thinning to provide more spacing fione trees is quite critical. Thus, any silvicultural
practices that promote larger space and wider crown formation insteagtedter height with small crows

are to beprioritisedas alternative or revised silvicultural practices for Lime trees when NWFPs are the target.

2.3.5 Bayleaves(Laurus nobilid..)
Authors: EZB, DK
Description:

Bay laurel Laurus nobilisis an evergreen shruir small tree, indigenous to the Mediterranean basin and
the near east. It is a-50 m tall evergreen tree or a large shrub with a high sprouting ability. Leaveslére 5
cm long and 24 cm wide with an elliptical shape. Its leaves and oils from bothghees and fruits are the
main NWFP that have frequently been used in the medical, cosmetic and canning industries.

Ecotype and specific/generalised location:

Native to the Mediterranean region, the laurel tree grows on the coastal parts of the AegediteManean

and Black Sea regions and the Laureate zone wherever the Mediterranean climate is felt. It has been reported
that L. ndoilis occurs in association with the maquis vegetation growing in typical Mediterranean climate,
pure or under Calabrian pin(Pinusbrutia), this may be attributed to relatively high light demandibe tree

does not tolerate cold regions.

Forest ype:

The tree mies in group with oakQuercus sp, plive Olea sp.)juniper Juniperus sp.yandalwoodArbutus
sp.),thyme (Thymus sp.plane tree Platanus sp.and other hardwoods.
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Forest historyforest condition:

Most of the last remaining laurel forests around the Mediterranean are believed to have disappeared
appraxiimately ten thousand years ago, although some remnants still persist imthentainsof southern

and western Turkey, northern Syria, southern Spain, roehtral Portugal, northern Morocco, théanary
Islands and iMadeira

Ecology:

Laurel trees prefer humid areas up to 1200 m in elevation (Anonymous 2005). While the laurel tree does not
have any specific soil requirement, it grows mainly on clay, sandy clay, clay sand, sandy claatoamiay

or loam in alkaline soil (pH between &®.0) with an annual precipitation sum of between 600 mm and
2000mm. The species generally grows on shadowed aspects and prefers limestone or calcareous soils. One
of the most important parameters requed for growth is a relatively high water table. The species requires
water and humid air on the site with an average annual air temperature of appately 14 to 13C. Thus,

it commonly prefers stream banks or hunmigarian areas, warm in summer andatdn winter. However, it

also grows in southern aspects that argpesed to maritime environmentsn brief, water as well as humidity

is more or less the limiting factor affecting its growth and thus the boundariesatife$istribution of the

tree.

Ecologicalsituation/ climatic adgptability :

There are some insects found to be pests in Laurel. Some of theriirawea alacrisAonidia laurj Archips
rosanusand Cacoecimorpha pronubareausing leaves to curl, reshape and ultimately slows the growth of
the whole plant. However, the most common pest is the aphid causing frequent distortion to the leaves.
Although there seems to be some pests causing damages to the shrub, they do noeposs gnpact on

the development of Laurel. Thus, mechanical treatments instead of chemical treatment are suggested to be
implemented wherever necessary in association with the use of biological counterparts of these insects as
they naturally appear.

Farest conservation

According to current research, no apparent conservation values were associated with Bay laurel.

Longterm forest development goal:

The main management goal of the tree is the production of NWFP (particularly leaves and oils) andtit pro
mixture in stands. Wood production is not a primary management goal.
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Silviculturaldevelopment of theinitial stocks:

The laurel tree can be produced either naturally from seed or by coppicing from the stumps and roots based
on vegetative propagatio L. nobilisboasts a high capacity for #prouting; hence a coppice style
management is prevalent in most areddowever, there is a germination prevention mechanism that
requiresspeciattreatment prior to sowing. The seeds are generally removed frioenshells and put out for
layering. For vegetative propagation, the shoots are carefully cut é016m in length in late July and
September. Leaf production is known to be highest from the seedlings planted.ah2ntervals. A study
indicated that seelings planted at a closer spacing of X)%6 m intervals provide far better results
(Chakhaidze and Vadachkoriy/a89.

Speciesand habitat conservation:

No reported habitat conservation is apparent.

Establishment:

Laurel tree is generally cultivatedr leaf production. The tree can be regenerated with a plantation,
pollarding and cutting (coppice) management regime. The best plantation interval is suggested tx be 1.5
0.66 m or 2.81.0 m with nearly 10.000 seedlings/ha, usually planted in autumn. y@ae before taking
shoots for the coppicing/cutting, the selected trees are cut at the root collar level to let the stump and roots
re-sprout. The shoots are cut at-B® cm in length and 0:805mm in diameterfrom the newly sprout from
stump or roots fo shoot productionIn water, t takes about 1214 months before the cutting/shoots begin

to sprout, thus additional nutrient is applied to the leavé&he shoots were first humidified and dipped into
the soils. In fact, best rooting environment for Ldugethe sandy soil and other soil treated usually with
perlite-peat. The shoots were then planted on the ground with humid soil for best growth of the species

Tending, Thinning and Maintenance:

There are no specific reported silvicultural prescriptiaiesigned and applied to bay leaf stands other than
harvesting/coppicing.

Harvestingand Regeneration:

While there is no specific cutting system, the natural system for economical production is to cut the branches
together with the trunk at 10 cm abovthe root collar every other year for a period between July to
September. The-3 year old shoots with leaves are cut for NWFP and all are taken from the site to the
nearest stocking placeonly the stumps remain on site, which are left teggrout. Forthe production of oil
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and seasoning, pruning from the tip of the branches is advised. Winter production is preferred wherever
there are no drying problems. The best leaf harvesting method is found to be the combination of coppice
and shoot cutting or pollaing at 2 year intervals?@lat at al. 2000 Commercial bay leaf production starts

five years after stand initiation (within plantations).

Revised silvicultural prescription:

Bay leafproduction combined with other products as a xaid system (such asgeoforestry) instead of
allocating the land for only bay culture is suggested to be an alternative silvicultural system. Harvesting
leaves with coppicing and pollarding or in combination is suggested silvicultural prescriptions for the renewal
of Bay lauel. In fact, producing bay leaves in combination with other species asfaggstry practices may

be an example for innovation. It could further be studied to look for a widespread application in different
environments or sites before calling the ideasaasnnovative process. Yet, the success of reproduction and
treatment for best results depends highly on the availability of watering systems patrticularly in the stand
initiation stage Although the reproduction oéblrel is relatively new, plantations thilx2 m interval provide

best results of leaf production in case studies conducted in Turkey. The best renewal or cutting location is
found to be 810 cm above root collar in-2- yearrotations. Furthermore, pruning the tip of braches each
year was foundo help improve seasoning and oil productionaurel.

The revised silvicultural practices would best involve the reproductidausél in cohorts in thregrearsof
rotation. Each cohort is to be subjected to various types of sprouting such as fromdte stumps and
stems of laurel. Most of the individuals in a cohort are cut right above root collar in coppice, however nearly
3-5 individuals are left to grow in a cohort. The left over trees are allowed to grow and let the stems to shoot
by providingthrough pollarding almost 2/3 of crowns of standing individuals. Thus, sprouting is allowed to
happen in roots stumps and stems to allow better renewdhafel. Such serdonceptual approach could

well be treated as revised silvicultural practs in &urel stand for both leaf and seed production.
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2.3.6 Mediterranean gne nuts (Pinus pined..)
Silvicultural guidelines for managinB. pineastands inSpainfor cone production
Authors:RC, SM

Mediterranean stone pinéPinus pined..) renders the most gpensive edible nut collected in European
forests, the genuine Mediterranean pine nutgmcted from its cones. For this purpose, cones are collected
manually (climbing the trees) or by mechanised methods (by-steskers) during the winter, before they
open in spring and release their seeds. Main cone production is stilloeildcted from semnatural or
multipurpose forests throughout the Mediterranean countries, though an important effort is made for
developing an innovative approach of orchard plaras, often using grafted clones. Stone pine is plainly
on that edge of thesilvicultural dilemmaquoted insection 13, of the present StarTree Deliverable D2.3,
between wild collection from senriatural forest and domestication for agroforestry systemrsas an
agronomic cropl{lutke et al. 201).

Main producing countries are Portugal, Spain, Italy, Turkey, and Lebanon, with some production also from
Tunisia, Morocco and Syria. Especially in Portugal, stone pine has enlarged its forest and plantafiomare
40,000 to 175,000 hectares within forty years. In Spain, the stone pine forests have X@emded since

1900 from 180,000 to 490,000 ha. All in all, stone pine covers more than 800,000 ha, being present in most
Mediterranean countries. For the moghart, planted forests dominate, though also old natural or semi
natural forests are relevant, pure or xed withPinus pinastePinus halepensis, Quercuxil®uercus suber
among other species. Out of its natural distribution area, it has not beenquamtensively as a forest tree,
though it has been introduced locally in California, Chile, South Africa, Australia or New Zealand.

Cones have been collected by man since antiquity. Since edrlyeP@ury, forest management planning has
integrated com production as one of the main objectives of silviculture applied to pine forests in Spain and
Portugal. Additionally, the lowuality and slowgrowing, formerly locally used stof@ne wood has been
widely substituted by alternative timbers from abroaahd even by other raw materials. Hence, timber has
been relegated to be a secondary product in Mediterranean stone pine forests, evolving the applied
silviculture in the last decades towards open stands with lower crown competition, favouring higher cone
yieldsat tree and stand level.

The following guidelines are updates of the detailed state of the art in specific silviculture and models
included already in the StarTree Deliverable DZ.on(€ andraias 2016 @ { Ay OS GKS wmMdopy nQac
been madeconcerning the modelling of stone pine growth and cone production in Spain, Portugal and Italy
and on developing management support tools Foipineaaiming at the multifunctional forest management,

such as site indecurves, yield tables for adaptiv SBA Odzf G dzZNBE o6 aSR 2y xw&dy S S¢
different growth and yield models such as the stand simulator PINEA, as outlines within the StarTree
Deliverable D2.2 5anchezsonzalez et ak015).
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Traditional silvicultural practices in Mediterranean stone pine:

Traditionally, the management of stone pine forests has combined multiple objectives: cone production for
edible pine nuts, timber, firewood, as well as ecosystem services such as recatatsa landscaping,
biodiversity conservation, groundwater and soil protection, the latter especially against wind erosion in
dunes.Thevalue of Mediterranean pine forests with. pineas recognised as EU Habitats Directive Arine
Habitat types 9540 ah2280, the latter being a priority habitat type.

Plantation or natural regeneration okisting stands oriented for timber production or multipurpose forestry
usually starts with a densityetween 600 and 1,700 treelsa. Traditional management evenaged stands

of stone pine in the Valladolid has focused on promoting individual cone production, in order to increase the
yield of manuat; traditional ¢ harvesting of cones. To do this, management of stocking density has aimed to
attain a final densy over 80 treetha (Viontero et al. 200§ To achieve this objective, a first premmercial
thinning is recommended at 1P5 years in order to reducing stand density to less than 600 trees/ha. A
second thinning is applied at 20 years, and then ever2Q $ears, until the age of 600, given that older

trees show a reduced response to release. At each interventidén dOstems are eliminated, especially trees
with undesirable stem and crown form, as well as unhealthy, less vigorous and damaged tadateisities

after last thinning are below 10@eesha (Vontero et al. 200¥.

Simultaneously with the first preommercial thinning, a first pruning is applied to clean the bole up to 2/3
of tree total height. Pruning is repeated every-26 years, up t@ maimum height of 88 m. Stem pruning

is not recommended in stands older than 50 years ahw&iDBHexceeding 30 cm, given their low diameter
growth and capacity to close the wounds; this treatment is, hence, mainly a tending practice in young stands.
Traditionally, a second type of formative pruning directed at the inner crown, knowindé A Gdueth 5 y &
its similarity to crown formation in olive trees, this treatment was applied at thetime of the second and third
thinning treatmentsof the stand. Thigpe of pruning eliminated dead and less vigorous branches in the inner
part of the crown for easef tree climbing andefficiencyof manual cone collection, beside its original
objective to provide fuel wood without felling trees, nowadays is obsoletgddver, in analogy to pruning

of dicot fruit tree, a hypothetic increment in cone induction/production by pruning has traditionally been
supposed by forest dwellers, though it has never been quantified or even confirmedgdgyireent.
Traditional silvicalre has been widely described lyorreia et al(1999); Canadas, (2000); Calama et al.
(2003); Montero et al. (2004ndMontero et al.(2008)

Proposed rotation length was 800 years, or even shorter, in order to prevent heartwood affection by red
ring rot, Phellinus pin{Garcia Guemes ardontero, 1999, as well as based on the traditional assumption

of maximum cone production at this age and its decay aftetra@litional method for regeneration was a
shelterwood method consisting of two intensivalings carried out in a 10 years period (preparatory felling
and seeding felling), and cutting the few stems still standing ten years later (final felling). Common observed
failure in natural regeneration due to harsh climate conditions resulted in @sifisowing in order to
regenerate the standsS@ichez Cozar 19631963; Castellani 1989; Garetziemesl999).
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Up to this point, these references are the classical multipurpose silvicultural scheme for stone pine producing
timber, or combined timber andones. Nevertheless, in real life silvicultural treatments, especially thinnings,

have been often delayed or even neglected in the management (or rather lack of management) in many
evenaged, dense pure stone pine forests derived from protective or rest@afforestation realised during

20" century, as well as more recently planted as farmlandaside forestation under CAP since 1993. Also

Ay aYlft LINAGFGS F2NBadax GKS LI ASR aiaft @aoOdz G dzN.
FIOGX GKS FANRG YR Y2ald daNBSyild OKFffSyaS F2N AYL
resilience, consistef applying sustainable forest management in those artificial plantations that have not

had natural dynamics for evolving inseltregulatory forest ecosystems, nor current adequate stand
structure.

On the other hand, at present forest managemenPinpineaocuses increasingly on pine cone production

as primary forest product, due to revenuesceeding those obtained for timlbend other forest goods or
services. New plantations for nut production usually start with a spacing densigbo6®, 86 m,i.e. 200

to 300 trees/ha Correia et al. 1999; Costa et al. 2)0As in other fruit and nut tree crops, grafting offers
important advantages. The primer advantage of grafting is that it allows the propagation of selected superior
genotypes. Since the early 1990s, several grafted clonal trials have been established in Spain and Portugal
within the framework of regional and natial research programs for the characsation of the crop and

the tested genotypes. As second advantage, grafting mature scions also skips the rapid growth juvenile stage,
getting hence lower tree crowns and reducing the initial delay in production fl@no 2ess than 8.0 years

until the first yield Carneiro et al. 2007; Mutke et al. 201 grafted plantations, recommended density of

8x8 m (150 trees/ha) on the installation allows for tractor passage for tilling and mechanical harvest by tree
shakergCorreia et al. 199WMutke et al. 201). But these open grown plantations, grafted or not, have been
raised only in the last decade, and optimised management schemes are still under development.

Revised silvicultural guidelines for promoting cone andpinut production in Valladolid Spain

In this section revised silvicultural prescriptions for promoting cone and pine nut production in stone pine
forests in Valladolid province (Spain) are presented. This intensive change of paradigm in the management
of the stands is derived from a multisource analysis:

1 Expert based knowledge from forest managers and forest owners.

1 Long term series at forest scale of cone production and forest evolution, derived from the forest
inventories, management planning and anhbarvesting statistics.

1 Longterm experimental trials, maintained since the mid 1960s and amplified in the 1990s. This
network of trials includes permanent plots focusing on timber yield and cone production, natural
regeneration trials, thinning trials angenetic tests.

1 Simulations based on models predicting growth and annual cone produciiemr(ia et al. 2007;
Freire 2009; Calama et al 2(]as well as on optimization routingsdeira et al. 2015; Pasalodos et
al. 2016).
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Scientific basis for thehange:

Assessment on these new practices is based on the recently developed knowledge on the ecology and
management of the species, which can be based on:

|l

Large dependence of spatial variability in cone production on site, stand and tree attributes: large
cone production is attained on larger -cominant trees, with welbeveloped crowns, growing in
open standsalama et al. 2008

Early and intensive reduction of competition results in enhanced growth, large crown development
and accelerated cone prodtion (Gordo et al. 201

Climate control (mainly rainfall deficit) has been found as the main factor controlling regulating
masting habit [(lutke et al. 2005, Calama et al. 2011

Pruning in initial stages results in severe stress to young saplieg=fs et al. 200§ not being
effective as a method for controlling fire propagaticacfdo et al. 200R Crown pruning in adult
trees is a quite ¥pensive practice, not resulting in a clear increment in cone production. Widely
applied in the past, crown pning also resulted from the requirement of fuelwood in the locally
subsistent rural society, this meant that pruning costs were covered by the firewood obtained. When
in the second half of the Z0century, labour costs rose and fossil energy sources becarmilable,
traditional pruning practices first persisted even after becoming costly, but nowadggsiences

have showed no negative effect when they are abandoned, and they have fallen largely in disuse due
to excessive costs and security risk&(tero et al. 1999; Gordo et al. 2009

The rotation period can bexteended to at least 150 years, with no observed decrease in cone and
nut production if no forest health problemxists (Yagie 1995; Montero et al. 200&iven current

low prices of timber, eamomical losses due to timber rot are minimised in comparisorxpéeted
benefits due to enlarged cone production; hence schedules based on optimised models recommend
rotation lengths of up to 14A50 yearsi{asalodos et ak016).

Cone production per heate in mature stands is not influenced by stand density, within a range of
stand density between 1@@50treegha, varying only the individual cone production. Harvesting of
cones under current prices is profitable with individual prditut over 23 kdtree (manual
collection), or 1 kg/tree (mechanised collection).

Low dense stands (with less than 18fegha) aiming to promote individual cone production results

in very large gaps where no seed for arrives hampering natural regenerafions et al. 201)
Densities for attaining natural regeneration shoukteed 150 maturgérees’ha (Manso et al. 201y}

far from the current low densities found in some current stands.

Revised silvicultural schedule

Rotation length:

Rotation length canxtend up to 120140 years in the best sites, in absence of phytosanitarian problems.
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Tending practices:

In those natural or artificial young stands densely overcrowded, a heavygonenercial thinning should be
applied. This intervention should be appglieshen the trees are over-2 m height, which depending on the
site quality could be attained at85 years old. Thinning should be a sexystematic one, aiming to attain a
final density of 50@reegha. Trees to be eliminated should be selected amongéhwith worst shape, less
vigorous crowns, attempting to obtain a regular spatial distribution of trees.

Main aim of this practice is to prevent early processes of decay, stagnation and dieback in very dense stands,
resulting in reduced growth rates andldged initial cone productiorCanellas et al. 2008; Gordo et al. 2109

This heavy early preommercial thinning results in gaps wide enough as to favour individual crown
development, but still interrupting fuel continuity.

Unlike in former silviculturgbractices, an initial pruning at this phase aiming to interrupt fuel continuity
should be delayed. This initial pruning should be carried out 10 years after theopmmercial thinning,
simultaneous to the first selective thinning, when average heighii®trees will reach % m.

Thinning regimes:

Thinning regime in eveagedP. pineaorests should aim to promote growth and crowrpansion of about

150 treesgha with the largest potential as cone producers (best shape, dominant, healthy crowns). The
objective is to attain final density before the midtation, thus stocking reduction should be carried out in
two more thinnings:

1 First selective thinning: to be carried out when average height of the tree6 im %2025 years old).
In this operation stad density should be reduced up to 25@esha, selected among those with
great potential, and aiming to have an uniform spatial distribution with a mean spacing between
trees of 56 m, which permits the entrance of mechanical vibrators for cone collection

1 Second selective thinning: to be carried out when average height of the treed isrh(Q4550 years
old). Stand density should be reduced up to 1fEfesha, selected as the most promising cone
producers. This density, which would be the final densithe stand, is considered as a compromise
density between promoting individual cone production and avoiding the formation of large gaps.

Pruning regime:

Simultaneous with the first selective thinning, pruning of remaining trees must be carried out dree
pruned up to a height of-3 m, in order to prevent fuel continuity and clean the stem to permit mechanized
cone harvesting (by using vibrators). Further pruning, always elapsed a minimum interval of ten years, can
be applied to obtain a clean stenptio a height of 4 m, never reaching more than half of the total tree height.
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A third pruning, that can be carried out by the time of the second thinning, is only recommended in stand
with very high site quality, and can reach up to 2/3 of the total hegfhhe tree.

Traditional crown pruning, focusing on the elimination of dead branches located in the inner part of the
crown, is avoided. Nowadays in Europe, pruning that would imply tree climbing has been abandoned, due to
excessive labour costs and egpaly due to health and security risks. Moreover, in any zone accessible for
tractors, cones are harvested now mechanically with tree shakers. Only in regions with risks of heavy
snowfalls, such as the higher belt of Mount Lebanon, the issue of crowni¢emay still be relevant.

Maintenance:

The period with a sound cone productiortends up from the application of the second selective thinning
(around50yearg f R0 (12 GKS 0S3IAYyYAYy3d 27T cli2Rardl®) DAriigalkiisi A 2 v
period cones will be collected annually, and the only interventions to be applied should be:

O {FyAGINE FSEtAYy3IQa 2y RIEYFISRT dzyKSIt K& 2N RS

1 Tending of competitive individuals of other species or understory (€gptusshrubs) and/or
nonviable advanced regeneration Bf pinea

Cone harvesting:

Cones will be annually harvested, during the periatkrding from midNovember to the end of March.
Harvesting of cones should be carried out using mechanical vibrataespteor:

1 Days with sukzero air temperatures.

i Areas where natural regeneration is under promotion or already established.
1 Areas with ecessive slope.

1 Areas with special protection.

Natural regeneration:

Renewal of the stands should be attained by natwegeneration or under planting. The proposed
silvicultural system is a uniform shelterwood system, to be carried out in three fellings as detailed below:

1 Seedling cutting: in this intervention stand density should be reduced twe8&/ha, with a basal
area of 1213 n¥/ha. The objective of this intervention is to attain the establishment of a wide
number of viable seedlings under the area of projection of the crown. Trees to be maintained should
be selected among those with larger crowns, best shape agatgst cone production. Gaps with a
diameter over 12 m should be avoided.

1 Shelterwood cutting: once a viable regeneration of seedlings is established under the crowns (which
can happen between-%0 years after the seedling cutting) a secondary cutting khbe applied.
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This cutting aim to free these seedlings after this initial phase, attempting to promote their individual
growth. Within this intervention we should leave-80 mature trees/ha.

1 Final cutting: to be carried out 5 years after the previoudingttreatment. All the remaining trees
should be removed,xeept 510 trees/ha which should be reserved as cone producers, such trees
also fulfil the objective of promoting biodiversity, animal habitat and deadwood provision.

Silvicultural guidelines fo managingP. pinea stands ina southeastern Portuguese&egion for cone
production

Authors: JFMT, CSS, MRT

In Portugal the management objective of stone pine stands is almost always the optimization of cone
production per hectare, with the wood from thinnings being considered as an additional revenue, therefore
this is the one that will be considered. Most btadult stands are naturally regenerated but since around
1970 plantation hagmerged throughout thelistribution areaof the species with an increasing tendency

(the area increased 4% from 1995 t@010, being now 176 thousand hect&or this reasonyio silvicultural
systems were considered, one for existing naturally regenerated stands and another for new plantations. The
following silvicultural treatments were taken into account:

Initial density imew plantations

Selection of genetic material

Decison about grafting/not grafting

Thinnings

Pruning

Cone harvesting methods

Regeneration method in existing stands (including new plantations when they get old) and time/age
to start regeneration treatments.

=8 = =4 =4 =5 4 =4

Irrigation and fertilization are also beirgnsidered in recent years by Portuguese forest managers but, since
there are very few data about the influence of these treatments on cone production, they were not
considered here. Another important treatment is the grafting that is becoming more ané meguent in

the establishment of new plantations.

Table2.9. Portuguesedraditional silvicultural systems for cone production

Operation Correia & Oliveira (2002 Louro et al. (2002) Costa et al. (2008)
Initial 625ha 500 to600ha 208 to 400ha
density
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Beating up Between oneandthree years after installatioif applicable (plantations)

Removing 1/3 of branches

- Between 8 and 12 years .
W y Removing 1/3 of branches:

Remove branches without - Between 20 and 25 years Between 5 and 6 vears
Pruning female flowers wSY2@Ay3a 0Nl yOKS| y
o - Between 10 and 12 years
(no prescription) produce female flowers:
- Between 20 and 25 years
- Between35and40years
- Between50and60years

Betweenl5and20 years old 44ha | Between 5and 6 years old

Between 2(and 25 years old 35ha | Between 2(and25 years old
Between 25and 30years old 28ha | (noinformation about densities after
Between 35and 40years old 22%ia | thinning)

Final density 100ha 225ha Between 100 and 120a

Final cut 80 years old Between80 and 100 years old No information

10 years till 50ha
Thinnings 15 years till 30ha
31 years till 10a

Traditional silviculture practices in Portugal

Traditional silvicultural systems fBiortuguesestone pinemanaged for cone production have been described
by three authorsTable2.9). The traditional guidelines focus decisions relatovmitial density in plantations
(including beatingup), pruning and thinning and age for the final cut. They do not describe the regeneration
methodin existing stands (including new plantations when they get old) and time/age to start regeneration
treatments.

Updated silvicultural guidelines for promoting cone and pine nut production in the southeast region of
Portugat

As previously mentioned, the silviculture guidelines described below focus stone pine management for cone
production, considering gualines for the existing stands and for the new plantations separately. They took
into account data collected into 100 permanent plotensidering a diverse range of development stages
stand structureand stand densityas well simulations undertaken with a decision support tool based on the
PINEA.pt model (describedfimeire 2009 that was built with data from the permanent plots.
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Figure2.15: Coneproduction per treein relation to DBHand crown diameter

Naturally regenerated existing stands

Thinning

The higher cone productions occurs in trees with large DBH and crown diameter, being frequent to find out
trees in verysparsemature stands trees, with DBH betweenaitd 100 cm and crown diameter between 18

and 24 m, producing more than 400 kg of cones, going to more than 6 tons of cones/ha in good crop years
(Figure2.15). The cone heterogeneity shown lingure2.15is due to the masting habit. Larger trees show
greater heterogeneity into cone production. Netteeless, till now, in each year plots with very big sparse
trees are always the ones with higher cone production per hectare despite the average production for the
year. In order to obtain trees with these crown diameter sizes the stands must have alstasity between

15 and 30 trees/hak-igure2.15 also shows a number afvermaturetrees, with a DBH greater than 1 m,
growing with little or withoutcompetition but with small cone production. This information suggests that
rotation length in everaged PortuguesP. pineastands for cone production should be around B0 years

and that the maximum diameter in selection forest should be around 1 m.

Cme production per hectare increases with basal area untihr@shold is attained from which cone
production start to decrease probably due to competitiéiglre2.16). Thethresholdisbetween14 and 18
m?ha independentlyof the stand structure. Thushinning should take place before this threshold is
reached

Thiss peojec] s reosved funding from the
v et e Euraapsesans Linianis Saverah Programme o

reseanh, technological development and
demorsiration under grant agresmen ko 512385



61

All stand structures Evenaged
8000 8000
f@ 7000 : Lf__l; 7000 I
2 6000 L 2 6000
= 5000 1 r:; 5000
g 4000 Too.e % 4000 ! !
2 3000 ] . — § 3000 B T
O 2000 G B 2000 ——
1000 I/i/l/l\’\\l 1000 /i/W\
0 P T~ 0 i 5
> 6 10 14 18 22 26 30 2 6 10 14 18 22 26 30
Basal area class frha?) Basal area class ¢rhat)
Unevenagedc two storied Unevenagedc selection forests
8000 8000
& 7000 & 7000
2 6000 2 6000
£, 5000 L £ 5000
g 4000 L £ 4000 A
£ 3000 ! 2 3000
© 2000 © 2000
1000 1000
0 0 g
2 6 10 14 18 22 26 30 2 6 10 14 18 22 26 30
Basal area class trha?) Basal area class trha)

Figure2.16: Impact of basal area on cone production for the different stand structures analyzed. The blue line represents the
average production (all plots in all sampled years)

Besides cone production, cone quality is a parameter that has an increasing importance. Cone quality can be
evaluated by mean cone weight due to the relationship between kernel production and cone dimension. Big
cones origin more kernel with bigger dimemss. Medium weight of a cone decreases with basal area but

the decrease is largdor basal areas greater than 14°ma (Figure2.17). This result isiot so clear for the

plots classified as uneveagedselection forest.
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Figure2.17: Impact of basal area on cone quality (using average cone weight as a proxy for cone quality) for the different stand

structures analged.

The relationship between cone production per hectare and stand density was als@ahdtywas found
that the higher cone productions occurs in very sparse stands with a stand density between 15 and 30

trees' hadespite the stand structure~(gure2.18).
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