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Foreword

The purpose of this work it® provide detailed technical guidelines for the control of alien
invasive tre species, namelfcacia saligngLabill.) H.L. WendlAilanthus altissima (Mill.)
Swingle Robinia pseudoacacla, as well aone shrub specie®odonaea viscoda (Jacq.

The control techniques detailed in this work are all related to targeted chengimatrol

methods (TCM) and are based on the results of reseatperimentsand studiescarried

out by the author over the pasB yearsin Israel and in Cypru®ufourDror, 2007, 2008,
2010, 2012, 2013)

The techniques used in TCGixre developed foithe control of invasive trees in natural
areas, includingiparian habitats and othesensitiveecosystems.

These guidelines include three sectonin the first section aackground toprinciples,

advantages and limits of targeted chemical control methdsl presented The second
section focuses on thplanning ofcontrol management stepgrior to their implementation

in the field, with a specidbcus onobjectivesand strategieghat need to bedefinedbefore

action.In the last section the technicalegis recommendedor the practical implementation
of the three main types of targeted chemical control methadkiressed in this guidare

displayed and fully detailed
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1 ¢ TargetedChemicalControl Methods¢ Background

1.1¢ Principles of targeted chernsalcontrol methods

Themain principle of targeted chemical control methods (TCCM) iagdply the herbicides
directly, and only, orspecific planindividualsselectedfor control. TCCMwere origindly
developedin order to remove specific invasiadien plant taxa fromnatural and protected
areaswithout harming native species and sensithabitats (see Twet al. 2001; Burn 2003).

Therefore, theprimary objective of TCCM is to @vent nontarget effects by direct
applications on selected target plantsor this reasonTCCM generally do not involve
herbicide spraying for the treatment oligneous species but are restricted to direct
applicationsof herbicideson the woody parts ofdeveloped plants Targeted chemical
control methodsof woody invasive plas can be performed with five different techniques:
Drill-Fill, CutStump, Frilling, StemScrapeand RingBarking. The last two techniques are
suitable, respectively for some vine species and for shrubs or ttessdo not sucker or
reshoot when damagedSince these guidelines are designed to continel golden wreath
wattle (Acacia salignp the treeof-heaven Ailanthus altissimp the black locustRobinia
pseudoacacipand the varnish treefodonaea visco3aall characterized by their high ability
to resproutand sucker, the techniques recommended and detailed in this workiraieed
to Drill-Fill, CutStump and Frilling.

1.2 ¢ Advantages of targeted chemical control methods
The TCCM have several major advantages over other control methods:

Since tle techniques ardarget-specifi¢ very small volumes of herbicides are required and
this reducesvery significantlythe risks of polluting thesurroundingenvironment. This is
particularly valuable when working ior nearriparian habitatswhere organisma are very
sensitive to herbicide pollution.

In addition, this also reducesonsiderably the nottiarget effect, i.e. the killing of native
plant species growing next to invasive plants.

The techniques used in TCCM do not require removing plant root sgstem soil
disturbance is minimized, and therefore the establishment of new individuals of invasive
plants is not facilitatedasthis occurs irdisturbed sites.

The equipment needed in order to apply TCCM technicaredight and easy to carryso
mostof the trees can be accessed and controlieditu

Lastly TCCM areosteffectiveas small amounts of herbicides are us&é@CMare alsoeasy
to perform and do not requirgreat technical proficiency and qualifications in order to b
properlyappliedin the field. p
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1.3¢ Limits of targeted chemical control methods

Despite the obvious and undisputable advantages of TG Mone can point out several
limitations and constraints associated to TCCM:

Controlling each individual may be tinetensumingin some ases,especiallywhen multi-
stems individuals must have all their trunks controlléthr instance controlling Acacia
salignaor Ailanthus altissimaopulationsin sites previously burneavill require more time
as all resprouting trees develop severalrikg followinga fire. The same applies for trees
that were felledand regrew after a clear cutn these caseshe need to contrbeach trunk
increases the duration of the control.

Moreover, since TCCMeaguiresdirect access to each individual in the figthe controlmay
take more time in the casef remote treesor individuals established in siteghere access is
difficult, such as cliffs

Finally, unlike some biological control methods, TCCMal@ct directly on seed bank. The
progressive depletiorof the seed bank in a site where TCCM are usesults from the
elimination of seed bearers anditis a slow proces¥et, in terms ofhe risk posed to local
ecosystems TCCM are definitely safer than biological conted no alien bioagent is
introduced irto the natural habitat.Although some biological contrdlave proved so far
very efficient, biological contralannot be 100% safe (Simberla@11)

The TCCMare themost appropriate and the safest methods for the control of alien invasive
trees in gnall and medium infestations in natural areas.
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2 ¢ Planning ©ntrol ObjectivesAnd Control Srategies

The planning of a control management program is crucial as it defines the objeatitres
control program andletermines the strategy, i.e. therocedure ofthe control actions in the
field.

Control objectives can be diverse rast all control programs necessiraim at eradication
asin some caseghis isan unattainable goalMoreover, all the individualsin an infested
areacannot be controlld atonce therefore priority must be given teometreesand these
shouldnot be selected randomly.

2.1¢ Aims of invasive tree contralnanagement programs
It is important to set the objectiveof the control progranbeforestarting the fieldwork.

Four types of objective can bachievedin invasive plant control (1) eradication, (2)
reduction of the extent of the infested area, (3¢duction of the density of invasive
individuals within the infested areand, (4)containment (Figure 1).

There is no douthat eradicationis the best objective a control management program can
aim at andachieve Eradication is not only the removal of all individuals in the area
consideredbut also the absence oé-establishment of new individuals the initial infested
areafor at least3 to 5 consecutive yearéRejmanek & Pitcairns 2002, Panetta & Lawes
2005) Because of the extremely long seed dormancy of species sudkaasa saligng50
years), poseradication monitoring is absolutehecessaryand must lastoverdecades.

Often, for various reasons related to terrain conditions, legal status of adjacent aneas,
money or resources constraints, eradication is not a realistic goal and cannot be achieved, at
least in theshort term In these case®sther and diffeent objectives must be considered:

Another possible objective is theeduction of the extent of the infested areawhich is
achieved by the control of some of the individuals of the invasive, irétally located on
the outer boundaries of the infestedrea. The control action then results in a reduction of
the extent of the infested site.

Another possibility is to ainfor the reduction of the invasive tree density within the
infested area In this casgthe control program does not necessigrlead toa reduction of

the total area infested by the invasive tree, but it lowers the density of individuals and
consequently decreases the intensity of the threat posed by the invasive tree on the local
ecosystem.

A last option is to decide to freeze the exteof the infested area, i.e. to prevent the
establishment of further individuals beyond the present boundaries of the infested site. In
this case the objective of the control prograntntainment
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Before treatment | During treatment After Treatment

ERADICATION

REDUCTION
of infested
extent

REDUCTION
of density

CONTAINMENT

Figure 1 Possible objectives wivasive tree control

Even though eradication ithe ultimate objectivein an invasive tree control prograrthe
reduction of the extent of the infestation, the reduction of the tree density the
containmentof the foci are allindisputablyworthwhile objectives Their achievement will
always improve the situation of theatural ecosystems fasted The impossibility to attain
total eradication does not mearthat control management programs argointless and
should not been carried out. Stopping the spread of an invasive treecontainment is
already a great achievemeim terms of natural ecosystem protection.

2.2 ¢ Field drategy rulesfor a betterinvasive treecontrol efficiency

Because contrahouldnot be implemented from anywhere on any individyasveral rules
should be followed in order to implement the miwol program withthe greatestefficiency:

(1) Beforestarting control operations in the field it is recommended to map pwential
seedsources i.e. groups or isolated treemcatedoutside the perimeter of the area under
control but adjacent to ite.g. private gardens, urban parks, street trees, roadsides etc.
External seed sourcesf left uncontrolled, will inevitablyead to the reemergence of new y
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individuals of the invasive tree in the area under contibhen external seed sources are
located and mappedt is necessary to include them in the control program, even if these are
situated outside the areanitially defined for the implementation of the control program.

(2) A mappingof groupsand isolatedindividuals of the tree speciestargeted for control
within the area considereds necessary prior to any control actiofhe mapping enables to
know the distribution pattern of the tree to be controlled aidnsequentlyto locate loose
foci versus dense foci, as well as isolated tréHsis stageis very important because it
enables identification ofvhich treesshould be controlled first Priority must be given to
isolated individuals,Jocated at the outermost boundariesof densestfoci in order to
progressively and systematically reduce the goef area of the infested sitd.oose foci
shouldbe controlledsecondlyand the last stage of the contrehouldbe the removal of the
densest foci (Figure 2L ontrolling densest fodirst is tempting butexperiences showhis
may lead toskipoverisolated trees that wilthen continue to act as seed sources.
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Figure 2 Prioritization of control
among a population of an| ‘ n
invasive tree according to the . . . ®
distribution  pattern of its 8
individualsin the area targeted oy
&
for control. C

':.‘:: Isolated trees to be controlled in 1t priority
& Loose foci to be controlled in 2" priority

& : Dense foci to be controlled in 3™ priority

(3) It is advisable d take into accountthe features of the hydrographic systems.e
streams and rivers, when planning whistesshould be controlled first, particulariwhen

the control takes place in large areas over relatively long periods. This is relevant payticularl
for invasive tree species whoseed dispersabccur primarily through water floods and
runoff. In that case it is better tagtart the control in upstream areasand tocontinue with
control operationsin downstream sites where the largest and the dendesi are likely to

be found.
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(4) Finally in order to lower the rate of seed accumulation in the soil in the &aegeted for
control, it is better to neutralize in priority the largest seed bearers and or the female
trees in the case of dioeous species e.g. Ailanthus altissimaor Schinus terebinthifolius
(Figure 3).The control of female individualsnay be a very effective stage toward
containment when resources and materials are limited.

Figure 3A female individual of Ailanthustaésima bearing seeds early November in Israel.
Female specimens dfee-of-Heaven areconspicuous asumerous fruits remaiattached to
the tree until the mievinter, longafter allthe leaves have shed.

2.3 ¢ The need for followup and returning contol actions

If properly performed TOM generally lead to death rates of &%% after the first
implementation In order to attain mortality rates of 100%is necessary tglan ard carry
out returning control actions. Thesghouldtake place in the framef a followup program
three months toone yearafter the first control operationgsee 3.1.3)The followup itself is
necessary in order to determine which individuals libir vitality after the first treatment
and which tresstill showsigns of vitéity and therefore require an additional control.

When the aim of the control is eradicatipit is crucial to plan and to carry oytost
eradicationmonitoring in order to prevent the reestablishment of new seedlings. In the
event ofthe emergence of n& individuals it is necessary to control thexs soon as possible M J1
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and alwaydefore they start to produce seed®ne should keep in mind that invasive trees
can produce seeds as early as two years after germination, for instafscacia saligna
Therefore pst-eradication monitoringshouldbe planned and carriedut no more than one
year after the first control, and thewonce a yearfor 5 consecutive yeargntil no new
individuals are spotted
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3 ¢ Targeted Chemical Control Methods for Invasive Trees: he
Technical3eps

The following section detaithe materials, technical steps and implementation timetable for
the three TCCM relevant for the species considered:-kjltut-stump and frilling.

Drillill and cutstump should be used for controllingnature trees and sapling with laase
diameter(BD)greater thanscm

Frilling is suitable for young saplings and seedlings ai less tharbcm

3.1¢ Drillill

Drillill gives the best results for invasive tree control with species characterizedhigh
resilience and resprouting abilitiecause drilling represents a ldzaldwound in the tree
structure, it is less likely to triggeintenseroot suckers development abat happenswhen
the main trunkis cut down.

3.1.1¢ Materials
Tools

O A gasdhe enginedrill is necessary for drilling the holes around the trunk where the
herbicideis about tobe injected.A full gas container is needed to refill the dilh electric
drill, powered by batteriess lighter to carry but batteriesvill usualy run-down within 2
hoursof work.

O Drill bitsof 1 to 2 cmdiameterare needed. It is important to bring a sett8-10 drill bits
as some are expected to break dffring the drillings.

O Syringesof about40mlwill be used to inject the herbicide into trepvood.

O A plastic can of about 0.5 litavith a hermetic cover which can easily be opened and
closedis recommendedn order to carry small volumes of herbicide from tree to tr@dis
will avoidfrequentrefill of the syringe directly from the main 5dits herbicide bottleUsing
a small can of herbicidef most refills will reduce the risks gpilling accidentsEven if the
small can accidentally faltlown, the pollution damage wiltfemain muchmore limited than
if the main herbicide bottle fadlover during refill operations

O A hand pruner is required in order to cuhim stemsin the case of mulistems
individuals.

O FRull protective gearis necessaryparticularlylatex glovesand a clearwater container
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(about 10 literskhat will be necessary fowvashingskin, eyes or other body paris caseof
contact with theherbicide.The person who operates the drill must wednainsaw boots and
chainsawprotective trousersA full protective gear is compulsory.

O Bark marking paint is needed in order to rkéees that were controlled.
Herbicides

@ The two main Brbicides recommended are glyphosatérgde name: Roundup) or
triclopyr Garlon).Gyphosateis generally considered to be more environmentally safe than
triclopyr as it degradesmore rapidly in the soil. In addition glyphosate is significantly
cheaper than triclopyrAcacia salignaAilanthus altissimaRobinia pseudoacaciare all
sensitive to glyphosate. The effect of glyphosateDmdonaea viscosa not well known and

in this case it may be prefable to use triclopyr as it is considered to be a more aggressive
herbicide.

3.1.2¢ Implementation

Since the sap flow ceaseery quickly in the area where the plant tissue is damaged (drilled
cut or frilled) it is crucial to apply the herbicide withi 10 seconds of a drill being made
Therefore, in order to ensure maximum control efficiergpair of two workers is necessary
with one worker drilling and the other injecting the herbicide. This way time elapsing
between the drill and the applicatioof the herbicide isninimal

Step 1 Once the treeto be controlled is selected theorkerswear the protective gear
including the latex gloves for the person injecting the herbicide. pmes some herbicide
from the main bottle into the small caand fills up the syringewith undiluted herbicide

from the small canThemain bottle and the small can must then be sealed

Step 2:Determining thevolume of herbicide to be injectedThevolume to be injected in mi
is twice the value in cm of thiesase diameer of the targeted tree For example if a tree has a
trunk base diameter of about 25cifvisually estimatejithen a volume of 25 x 2 = 50 ml will
have to be injected in the trunk.

Step 3: Holes are drilled into the lower part of the trunk, preferably elde the baseand
around the trunk 510 cm apart The holes are drilled with an angle of-4a so the
herbicide injected will not spill over from the trur{figure 4) Herbicide must bénjected
immediately, within 10-15 secondsafter each hole is dri#d. Holesshouldnot be too deep

in order to remain in the sapwood area. Itriscessary to drill as many holes as needed in
order to inject the volume previously calculatefibr the targeted treg(figure 5)

A When multistems treesneed to be controlled i is necessary to drill each trunk
2 individually. Small trunkshould betreated with the frilling technigue (see 3.3). The
thinneststemsmust be cutwith a hand pruner andontrolled witha few drops on the cut

However,when controllingAilanthus altissha trees, the control can be limited to the main

M O
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(largest) trunk, providedhe different individuals are clearly distinguished, particularly in
dense infestations.

Figure 5Drill-fill in an Ailantlus altissima trunk (Cyprus). It is crucial to inject the herbicide
within10-15 secondsf a hole being drilled. Control programbere the injection was made
too late, failed. For this reason the best way to comply with this rule weotdx in pairs.

Step4: The controlled tree is marked with the paifttis recommended to number the trees.

M

Step 5 The fifth step consists of returning control actions (see 3.1.3 below).

Department of Forests of the Republic of Cygr@ég013




































