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‘lowg gival Non apyd.

MoAAoi Ba €xouv {cwg Tapatnenoel OTL TOV TEAEUTAIO KAlpO TO TTPAGLYVO GE ACTIKOUG KNTTOUG,
TAPTEPLA, XAAAOHATA, KATA PHNKOG ASWwPOpwY, TAPKA KAl OTToU aAAoU UTTAPXEL Alyo XwHa,
aAAd akdpa kat avapeoa o€ TAAKeG me(o0pOopiwy, HAPHAPA KAl TO O CNHPAVTIKO O apXAloAo-
YIKOUG XWPOoUG, €Xel augnoei cnpavuKd icwc_, yla JeydAn xapd TwV ANpAapxwy Kat Twy auto-
anom)\oupsvwv «01Ko?\oywv» xcoplg va éxel Eodeutei oute éva €. To o ﬁpOGEKTlKO patt
lowg Ba €xel Tapatnpnoel Ot To MPAGIVO auto ocpsl?\stal oTNV avantuén evog Kat pHovo €idoug
0évdpou tou AidavBou (Ailanthus altissima) yvwotoU Kat w¢ Bpwpokapudld r Bpwpouoda.
Acalwg Kal eivat opopo va Lelg o€ Eva PActvo mepIBAAAOY, OTNV TEPITTWON OHWE TNG
Bpwpokapudldg xpetaletal moAU mpoooxn, Omwg Ba eEnynow mMapakdatw.

To xelpotepo ival otav didgopol «adlaBactol» ou PTopel va gival Kat UoTIOEpevol £10IKol
EMOTAHOVEG, TIPOTEIVOUV TN Xprion Tou uUToU yla avadacwoelg i} avamAdon Tpacivou f Kal
TPOOTAGIA TWV OACWY ATIO PWTIEC.

i

AuTO TO O£VTpPO gival mepimou GEKA £TWY KAl £XEL PTACEL TO UYPOG TEVTE 0pOPwY, OnAadn ta 15 m.

To €MOTNHOVIKO Ovopd TNG BpwHOKApUsIAg, OTwG EXEL EMKPATAOEL va ovopalstal otnyv
EAAGSa (Tpogavwg Adyw tng £viovng OUCAPESTNG HUPWOLAC TOU KAl TNV OHOLOTNTA TNG HE
NV Kapudid, yia 6coug éxouv oAU @avtacia), sivat Ailanthus altissima n A. glandulosa
EVW OTIC AYYAOQPWVEC XWPEC avaepetal wg Shumak tree i Tree-of-heaven (0€vopo Tou
Mapadeloou, AOYw TNG YPNyopng avantugng tou oe UYWog).

MNa tnv lotopia.

O AiAavbog mpoépxetat amo tnv Kiva omou sival auto@uég To omoio, av Kat Oxt Kl T0co
O0lade0OpEVO O’ AUTH TN XWpPd, £Xel eEamAwBel TOAU otnv Apeptkn Kat tnv Eupwmn evw ogv
UTIAPXOUV CUYKEKPIPEVEG TTANPOWYOPIEG YId TIG AAAEG NTiEipoug. Ta totoplka dedopéva ava-
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PEPOUV OTL ApXIKA TO QUTO peTaPEPONKe otn M. Bpetavia wg KAAAWTIOTIKO Kal 0T GUVE-
XElA ATO €KEl psracpépenks 10 1784 otn OWAadéAela amo Kamolo Knmoupod. To 1840 to cpur()
Atav Non apketd Otadedopévo oTiC HIMA w¢ KAAAWTIOTIKO Kat Atav 6la6£01p0 amo cpurwpla.
Zuucpoova HE avsmBsBalwrsg TAnpowopisg, otnv EAAAda o AiAavOog pUTEUTNKE Yia TPWTN
popd otov EBVIKO kAo (td1E BactAikd) amo 1o BaciAtd ‘Obwva.

AiAavBocg ival kat To 6évdpo mou avagepetal oto BiBAio tng Betty Smith «Eva dévopo
YEVVIETAL 6TO MITPOUKALY>», OTTOU TO OEVOPO AUTO avagEéPETal we TOAU avOEKTIKO.

To pBovomwpo Ta ONAUKA PUTA EXOUV aKopa Ta @UAAQ TOUG paél HE TOUg Kaprroug mou Ba mapapeivouv 6Ao
TO XEIHWVA, PEXPL TNV AvoLEN, OTOTE Kal Ba mEcouy.

Meprypagn tou putou:

Eivat diolko puAAoBOAO 0EVOpo (undpxsl 6n?\a6r'1 aposVlKé Kal 6n7\UKé (UTO), AVNKEL OTNV
OlKOYEVElG Simaroubaceae kat pmopei o€ pepika xpowa va (pTC(GEl o€ Uyog 30 m (KCITl Tou
TO €XW OlATOTWOEL pE Ta 0l Hou ta patla) O KOpHOG ToU gival Agiog (aloU XpWHATOG EVW
ol veapoi BAAoTOl £X0UV KAPEKOKKLIVO Xpwpd. Ta pUAAa gival peydAa cUvBeTa mou Eemepvouv
10 1 m o€ pRKog amoteAoupeva amo 11-25 avrtifeta diataypéva guAAdpla. Kabe @uAAdplo
OLABETEL Pla, PEXPL HEPIKEG aOEVWOELG TPIXEC (UN avOikd vektdptla). Tnv Avolén to utod ava-
mTuooel Taflavlieg amd pHIKpd Kitplvotpdotva aven otig akpeg Twv BAaotwy. Ot emimedol mept-
OTPAPPEVOL KAPTIOi (CapdpeS) avantuooovTdl oTa ONAUKA (pUTA TO KAAOKaAipt Kat TapapEvouv
oTO QUTO Yl TOAAOUC PNVES (HEXPL TNV eMOPEvVN avolén). H eAa@pld Katackeun mou OlabETouy
TOUC EMTPETEL VA PETAPEPOVTAL HE TOV AVEHO O PEYAAEG ATMOOTACELG. 'EXEL UTTOAOYLIOTEL OTL
€va eviAIko 0£vOpo pmopel va mapdyet péxpt 325.000 oméppata to xpovo. To EUAo TS Bpwpio-
KapuOLdg ival HaAAKO Kal NUIAEUKO TIPOC AVOIXTO KACTAVO XPWHA TO OT0I0 OHWE OV EXEL KA
Wlaitepn xpnootnta mapd POVo yid Ty Tapaywyn KapBouvou Kat autd Kakng molotntag. ‘OAa
Ta PEPN TOU UTOU Kat €10IKOTEPA Ta Avn, avaduouv duvatr SUCOoHIa £vw ONUIOUPYEL
mpoBARpata og ott Bpioketal Katw amo to 0évopo (mefodpdpia, autokivntd, HTAAKOvIa KAT.)
AdYw TNG KOAAWOOUG ouciag Tou mTapayouy.

H Bpwpompuéld avanapc’tystal TOAU €UKOAQ €ite eyysvd)g eite aysvd)g, onAaodn site amo
oneppata elte pe pooxeupata To @uTtO autd OV Exel lélcutspsg cmaltnoelg o€ epsntha
OUCTATIKA EVW PTTOPEL va avantuooeTal o€ MOAU PTwXAd £0APn Xwpig noMsg analtnoag o€
VEPO evw Xpeldletal ToAU @w¢. H avaykn Tou og pw¢ KAAUTITETAL amod TNV TOAU ypryopn
avantuén Tou £T10L TTou va moKlalel Tnv umdéAourmn BAdotnon.



Ot mepiepyot kKapmol g Ppmpokapvdtds, Tov ovoudlovtol Capdpes, LToPovV Vo, LETAPEPHOVV LE TOV aEPa Yol LLeYOleg
OTOGTAGELC.

H e€amAwon tou gutou otnv EAAdda.

A6 600 YVwpilw OV UTIAPXEL EPTTEPIOTATWHEVN HEAETN OXETIKA HE TOUg MANBUGHOUG Bpwo-
Kapudlag otnv ‘EAAGda, Oa éAeya Opwg OTL BpiokeTal o€ OAEG GXEOOV TIG TTOAEIG AOYW TOU
OTL T0 0£vOPO auTO PUTEUTNKE o€ TMAPKA Kal OpOHoug evw €ival AdN €vtovn n mTapoucia tou
KATA PAKOG TWV £0VIKWY 00wV Kal EMAPXIAKWY OpOHwY. MPocwTiKd Tapatipnod cUCTAGES
PUTWV Bpwpompuc‘ildg aKépa KAl O£ ATTOUAKPUGCHEVEG XapAdpES ™mg Aakwviag (kaAokaipt
2006). e oplcpavoug anapmomroug 6popoug OTIG VNoidEG Kal oTIg AKPLEG TWV OPOHWY TNG
ABrvag kal ota mepixwpa g, o€ Ba Atav umepBoAn av Afyape 0Tt o MANBUCHAG TNG Bpwpo-
KapuOLdg amoteAel To Kupiapxo £i00G.

AemTopépela Kat PEyebog Tou Kapmou TN BpwHOKAPUOLAG.

MAncwalovtag otn Oscoalovikn amd v ABnva, ot BpwpoKapudlEG spgavidovtal HEPIKA
XIAMOPETPA £€w amo TNV MOAN.

2Tov KOHBo tng MaAakdoag n Bpwpokapudld €xel TAEOV OLEIGOUCEL OTO TTEUKOOAGOG.
To kaAokaipt Tou 2008 pe AUTIN pou dlarmiotwod TN UTTAapEn, EUTUXWGS HOVO HEPIKWY OEKASwWY

0evOpwy, otnv mavépopen TAd kovtd otov 0ppo Otdid, OTIoU TTPOPAVWE KATTOLOG TIG PUTEWYE
Xxwpi¢ BéBata va yvwpllel TIC CUVETIELEG. AG PNV EEXVAPE OTL HEYAAO HEPOG TOU VNGLOU EXEL



evtaxfei oto mpdypappa Natura, Adyw Tng mMAoucotlag Kat povadlkng tou BAaoctnong (ToAAd
EVONUIKA @uTA).

MpPEMEL va onPELWOEL OTL TO PUTO, GUPPWVA HE HEAETEC TIOU £XOUV YIVEL, €ival TTOAU avOEKTIKO
oTN ATHOCYALPIKA, XNHIKA KAl cwpatidlakn pumavon.

ATIO 0IKOAOYIKAG TAEUPAG AVAPEPETAL WG TTOAU EMOETIKO £(00C KAl OTIOU PUTPWOEL GUVTOHA
yivetal to emkpatég €i6og oxnpatifovrag adlamEPAcTES CUOTAOEG.

'Exel amodeix0ei emoTnHOVIKA 0Tl n Bpwpokapudild mapdyel ToEIKEG OUGIEG (KOUAOOIVOELON)
TToU TTapePTOOifouy TNV avdantuén aAAwv QUTWY, £va QAVOPEVO YVWOTO w¢ aAAnAomdbela.
To puIk6 cuotnua sival MoAU eMOETIKO Kal PHTTOPEL va TTPOKAAECEL KATACTPOWYES OE BEPEAL
KAl UTTOYELEG CWANVWOELG, OTTWG ATTOXETEUCELG CWANVEG UOPEUONG 1N KAAWOLA TNAEQWVOU
KAl TapoXng NAEKTPIKOU PEULATOG.

ISlaitepa katactpo@IKn €ival n dpdon Tou 0€ apXaloAoyIKOUG XwPoug Katl dAAa oiatn-
PNTEA KTipla KUpiwg AOYw TNG IKAvVOTNTAG TIOU €XEL VA AVATTUCOETAL GE (PTWXA £0d®n
aAAd Omou UTTAPXEL ATTAETO PWG.

Auti n mavéuopyn papudpivn Bpuon, n povadikn pappdplvn Bpuon mou €xel anmopeivel otnv ABRva amo
TNV TOUPKOKPATid, ATOUEIVAPL TOU KTAHATOG Tou BoeBoda tng ABrivag Xacekn, KOGHEL TOV KATIO TOU
lewmovikoU Mavemotnpiou Tng ABRvVAG. 'OMwg dUwG Kat MOAAd AAAA I0TOPIKA PHVNUEIA TNG XWPAG HAG EXEL
OexTEl Kal auto tny emibeon tng Bpwpokapudidg. Puoikd tnv Eepiwoa PETA TN PpwToypdpion.

| 15/07/2009 Asv mépacav OEKA PAVES Kat n Bpwpokapudid tng
'~ Bpuong Eava@utpwoe. AuTh TN Qopd cuvVOdEUOUEVN ATTO TO
f-:,: nmePOIKOUAL (Parietaria judaica).
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MOava mpoBARpata vysiag mou onUloUpyEi oTov AvOpwto Kal ota
{wa.

Ektog amod ta olkoAoyikda mpoBAnpata éxouv avag@epOei kat mpoBARUaATa uysiag mou mPOoKaAEi
0 AiAavBog otov avBpwro. ‘Exel avapepObei 6Tl o€ UTAAARAOUG ETTIPOPTICHEVOUC HE TNV KOTIA
AUTWV TwV 0EVOPWY ePpaviotnke puokapditida n omoia o@eAGTaY oTNV EMAP TANYWVY Ao
TPIBN 0TO O£PUA HE TOV OO TwWV OEVOPWY.

To uTd avagépetal we aAAEpyLoyoOvo yid Tov avBpwrTo.

H BiBAloypagia emiong ava@Epel OTL ol HEAIOOEG EMICKETTOVTAL TA AvOn TnG BpwpoKapudlag
yla TN CUAAOYH VEKTAPOG HE ATTOTEAECHA TO PEAL VA ATTOKTA doxnpa yeuon Kal oopn Ta omoia
OHWC UoTEPA Ao KATIOO XPOVIKO Oldotnpa e€agavidovral. Asv UTTAPXOUV OHWG AAAEG HEAETEG
OXETIKA HE TO EVOEXOHUEVO UTTAPENG KOUAGOIVOEIOWY OTO HEAL.

Ol XNMIKEG EVWOELG TTOU €ival YVWOTEG HE TO OVOPA KOUAooLvoeldn (quassinoids) €éxouv evto-
mobei kKal og aAAa €i0n NG oK. Simarubaceae Kal og autd amodidovtal BEPATEUTIKEG LOLO-
TNTEC OMWG N KATATOAEUNON OYKWY Kal n 0pdon Toug w¢ avBeAoOVOsLaKd, aviipAeypovwon,
EVTOHOKTOVA, apolBadoktova Kat {iI{avioKtova.

Elvat 0pwg mpoTipotepo va apedei autog 0 TOPEG OTOU ETMOTNHOVES - EPEUVNTEG TTApd va
apxicoupe va mivoupe apswnuata amo Bpwpokapudia (Bpwpokapudoppamedid;).

To mpoBAnua.

H Bpwpokapudid mapayetl peydAo aplOpd omeppdtwy (odpapa) ge TOAU peyaAn BAaotnTiki
(KavotTnTa Kat ta omoia BAactdvouyv KATw amd oxedOv omolecONTIOTE CUVONKEG Kal OlagopE-
TIKA €0A®n, OTWXA 1 TAoUcla PE amoTéAeopa va mapaykwvi{ouv tnv Tomkn BAaotnon €ite
autn €ival QUOIKN &iTe TEXVNTA G€ KATIOUG, TAPTEPLA, TTAPKA KAT.

To utd avantuoostal amd To Mdailo pExpt Aiyo mply apxioal va pixvel ta @UAAa tou, OnAadn
Tov OKTWwBPL0 N aKOpa Kat Nospolo avdaAoya pe ™y lTEplOXI‘] Kal TG KAlparvolesg Guvenng
0 puepog avamtugng Tou @uTou Eivat rpopaKrlKog Kuplwg ota veapd cpura nAiag evog £wg
OUO £TWV, OTNV TPOCTIABELA TOUC va EMKPATHCOUY 0To TTEPIBAAAOY, avantuooovtal Je pubpoug
TTOU EYW HETPNOA VA QTAvouy To 1.5 m og didotnpa £vog Pnvog (1) Omwe mPoowmiKda pétpnoda
otov mepiBoAo tou MewmovikoU Mavemotnpiou ABnvwy Kat o mepIBAAAOV To omoio dev Ba
Bswpoloa Wiaitepa PIAGEEVO, OTIWCS avapeca o MAAKeG me{odpopiou.

H pntivn tou @utou xpnotyomoleital wg AtBavt otoug lvéoulotikoug Naouc.

To @uTO dgv €XEL (PUOLKOUG eXBpoUg oUTE Kal oTnv matpida tou tv Kiva, omou opwg Bpioketat
O€ 1oopPPOTIia PE TOUG AAAOUG 0pYaVIOHOUG TOU OIKOGUOTAHATOC.

dutd mou mpoteivovtal o€ avrikatactaon tou AidavOou.

O KatdAoyog Twv PUTWYV Tou Ba pmopoucay va avtikatactnoouv tov AidavBo Ba pmopouoce
va givat oAU peydAog. Asv uTTdpxel Kavevag IOLAITEPOG AOYOC VA KATAPEUYOUHE GE (PUTIKA
€(0Nn Tou £xouv €loaxBei oTn XxwWPA PAg TN OTIYHN TTOU UTIAPXOUV TOAAd EVONHIKA (UTA yid
TA oTola PAAIOTA UTTAPXOUV KAl EPTIEPIOTATWHEVEG HEAETEC OXETIKA HE TNV AVOEKTIKOTNTA
TOUG OTIG KALHATOAOYIKEG IOLAITEPOTNTEG TIOU EMKpPAtoUv otnv EAAAda kabwg emiong kat otn
puTavon, av MPOKELTAl yid ACTIKEG TEPLOXEC. BeBaiwg ta meplocotepa amd autd ta €idn dev
£xouv TNV 0la Taxutnta avantuéng Kal eUKoAia KaAAEpyelag pe tov AidavBo. Av opwg dgv



B€Aoupe og 50 xpovia n EAAAda va eival éva amépavio 6acog amd AidavBoug pe ta evOnpKa
putd va omavidouv 1 va sival TpooTateuopeva €i0n og Botavikoug kAmou Kat Mouceia, Twpa
glval n KatdAAnAn emoxn va Opdcoupe.

Acv BpioKw TITOTA KAKO OTO VA PUTEWPOUHE EALEC, XAPOUTTIEG, OAPVEG KAl TTOAAA AAAA amo
Ta @uTd tng EAANVIKAG pUoNC.

Tpomol avTIHETWIONG.

To uTO eival «emMKNPUYHEVO>» oTIg HIMA Kal ol dAcIKEG UTTNPECIEG eKEl TpooTTabouv 5w Kal
APKETA XPOVIA VA AVTIHETWTTIOOUV TO MPOBANUA PE cUVOUACHO OLaPpopwy TPOTIWY.

Ma ™ xwpa pag xpelaletal mpwta an’ 6Ad evnpEPWoN TwVY YTNPECIWY TAPKWY KAl KATIWV
TwV ANpwY o€ 0An TN Xxwpa aAAd Kat Tou Kolvou amd emotipoveg OkoAoyoug [1] (Tewmo-
voug, BloAdyoug, Aacomovoug) mou yvwpilouv ta mpoBAnpata Tou mepIBAAAOVTOC TEPLGGO-
TEPO A6 OmolovONTIOTE AAAO.

- Na evnpepwOei To KOIVO WOoTE va avayvwpilel To QuTO.

- Na amayopeutei n KaAAIépyela Kat 61d0ecn Tou UTOU amod PuTwpLd.

- Na melcBoUv o1 TOMKEG apXEG yid TOUG KIvOUVoUG Tou eAAoxeUouyV Kal va AdBouv ta
KatdAAnAa PETpa, £0TwW KAl AV AUTO ONHAIVEL HEIWON TOU AoTIKOU Kdl EPIACTIKOU
mpdcivou.

- Na ouveIdNTOMOINCEL TO KOIVO OTI TO GUYKEKPIMEVO (PUTO TPETEL va Eepll{wVETal OE
MOAU Hikpn nALKia Kal otn 6€on Tou va QUTEUOUHE KATIOl0 dAAo.

- ‘Omou 1o UTO €xel avantuxBei uméppetpa (MTOAAA 6£vOpa) €ival GKOTIHO va KOTouv
HOVOo ta OnAukad.

Oa mpénel £mMioNg va eVNPEPWOEL TO KOLVO yid TA TPAYHATIKA TPOBANUATA TTOU TTPOKAAEL TO
0£vOpO Kal va ival o€ B€on va 1o avayvwpilel. ©a TpEMeL T Kovo va Telobel yia Toug mpaypa-
TIKOUG KIvOUVOUG Yia To TTEPIBAAAOV aAAd eVOEXOUEVWE KAl Yia TNV i0ld TOU TNV UYEid, XwpPig
uoTepleg Kal maviké. Mua emiokeywn oToug SIKTUAKOUG TOTTOUG TTou avagépovtal otn BiBALo-
ypagia oto téAog Tou dpBpou, sival apKeTn yla va Teicel Kal Tov mo SUCTILOTO.

Mpocoxn OWE ylati UTTApXouv Katl AAAa G£vOpa TTOU €XOUV KATIOLEG OHOLOTNTEG HE Tov AtAavbo.
ASLap@IoBATNTO XapaKTNPLoTIKO Tou AiAavBou sival ol kapTmoi Tou (oTIdpot) ol oTmoiol KpEPovTal
amo 1o 0EVOPO GE TOAUTILA TTOU ATTOTEAOUVTAL ATIO HEPLIKEC EKATOVTAOEG OTMEPHUATA TA OTold
givat Aemtd, Aemoeldn Kat Aiyo oTplptd prkoug mepimou 3 cm Kat TAdtog 1 cm pe €va omépua
oto péoov (Bupidouv Alyo Ta omEPPATA TOU TEUKOU HE TO MTEPUYLO, AAAA HE TO OTIEPUA OTO
KEVTPO TOU TITEPUYioU). Ta oméppata mapapevouy ota ONAUKda 0£vapa OA0 TO XEIPWVA Kdal
TEPTOUV ATo TNV EMOHPEVN AvOoLEN, OTIOTE £ival KAl wPLHA yid va BAAGTAOOUV.

MPOXZOXH: katd tnv Kot Twv 0EvOpwY va xpnolpomotouvtal xovopd adldBpoxa yavtia ,
KUPIWG av UTTapXouV HIKPOTPAUHATIOHOL oTa XEPLd.

To uTO €ival Mo €UKOAO va KAtamoAeUnBel otav gival akopa mMOAU PIKPO, HEPIKWY HNVWY,
He o va to Eepldwooupe. H ouvexng ekpilwon Katl Kot twv 0evOpUAAiwY gival n mo evoe-
Octypévn pEBodog BedopEvou OTL dev emBapuveTal To TEPIBAANOV PE XNHIKES OUGIEG.

Ta peydAa dévopa gival avw@eAo amAd va ta KOBoupe agou og EAAXIOTO XpoOvo Ba €xouv
Eavaputpwoel. EOw amatteital n cuvdpopn EI0IKWY OTTOU PETA TNV Kot Tou G£vOPOU O KO-
pévog KOPHOG 01O £0agpog Ba mpETEeL va suBo?\tacrai He €I0IKEC oUplyyeg pe {illavioKTova Ta
otoia dpouv oTIg pl(ﬁg H pébodog autn mpotudral amd ™ OlaBpe€n tou ddoug pe {ilavio-
KTova 6860pavou ot gival mo anore?\aoparlKn, amnattei Atydtepn moootnta {I{avioktovou
Kal 0pa POVO OTO CUYKEKPIUEVO PUTO.
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[1] H OwoAoyia gival Kat auth pia moTHpN TAPOAO ToU To vonua tng A£Eng £xel aAAowwBel Kat xpnoipo-
moleital MAéov pe TV MOAU TAATIA €vvola ATTOKAAWVYTAG OLKOAOYO TOU avOpwIiou TToU «aydmdel» TO
mePIBAANOVY €V TAPAAANAA TO VONHA TOU OPOU GE TIOAAEG TIEPITTTWOELG EXEL EVTEAWG aAAOwOEl T.X. Koppa
OLKOAOYWYV, OLKOAOYIKA TIPOLOVTa, PEXPL KAl OIKOAOYIKA couBAdKLa! (svvowvtag xwpig kpéag!!!).

[MPO2ZOXH =TH XPHZH TOY GARLON (Spaoctikrj oucia tryclopyr) MATI

MPOKEITAI I'A TIOAY 1ZXYPH KAI TENIKA ENIBAABH I'lA TO NEPIBAAON
OYZIA AN AEN XPHZIMOMNOIHOEI ZQZTA KAl ME ®EIAQ, MONO T'lA THN
KATANOAEMHZH THZ BPQMOKAPYAIAZ. AIABAZTE ME NMPOZOXH TIZ

OAHTI'IEZ XPHXZHZ (FTANTIA, MAZKA, EPTAAEIA, NMPO®YAAZEIX kAm.) !!!

EINAI AY2ZTYXQZ ZXEAON TO MONO ZHZANIOKTQNO NMOY MIMOPEI NA
KATANOAEMHZEI THN BPOMOKAPYAIA, TOZO ZAN MIKPO ‘020 KAI ZAN
METAAO AENAPO.

. latpou, 2013
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GARLON" 4EC

Aocoloyia

Bara: avapi€te 150 - 200 k.ex. Garlon 4EC o€ 100 Aitpa vepou Kat YEKAOTE.
Mouvpvdpia kai dAAa EuAwdn: avapi&te 250 - 750 k.ek. og 100 Aitpa vepou

avdloya e 1o €idog kal TNV avanTuén Tou GuToU.

TpOmOC Kat XPOVOC EPAPHOYNS

Pavtiote étav 10 UMW avanTuxBei TeAsiwg WoTe va
kateaivouv oTi¢ pilec apkeToi xupoi (oToug BAduvouc Kal Ta
bévdpa and péoa Maiou péxpt péoa Oktwpiou).

NovoTe KaAd UAMNwa kal KAadid péxpt tn Bdon, amoguyete
oUW TNV unePPOoAIKN dlappor] PEKATTIKOU LYPOU OTO
€60p0g, yl' auTtd PeKAOTE PEXPL TPWTNG ATTOPPONC.

ApékaoTo

s 00 19

Wekaopévo pe Garlon 4EC

Tpomol xpriong tng SpacTIKNG ovuaiag triclopyr yla TV Katactpo®n
Sévipwv Kat Oapvwv ocupPwva pe Tig 0dnyieg oe AAAeg Eupwnaikég Xwpeg.

Mepupepetakn

TOMR
OTOV KOPHO

Epappoyn
otn facn
Tou dévtpou

To okevaopa triclopyr
SlalveTal og metpéhato n
TaPAPIVIKO Aadt
og avaloyia 1:1 kat
gepapuoleTal ye eyxuon oe
TPUTIEG TTOU £XOUV
avolxOei otn faon tou
Sévtpou pe katevBuvon
TIPOG TIG piCeg Tou.

XapAOoOUE YE TOEKOUPL
TIEPIPEPELOKA TOV PAOLO
pE KaTevBuvon amoé mavw
TPOG Ta KATW.
Anpioupyeital €tol
€va «daKTUAiS»

HEOQ OTO omoio
mepiyuvoupue SlaAupa
OKevaopaTog triclopyr 48% 3/0
o€ avaloyia 750 k.ex./100 Aitpa

Emroxn epapuoyric: vePO.
KaAokaipt - vwpic to
pOivénwpo

Xwpic apaiwon yia ppwpokapudid

2 € KOMHEVOUG
KOPHOUG

Epapuoloupe to okevaoua
triclopyr emdvw otnv Toun
Slahupévo og meTpéNalo N
TTAPAPIVIKO A4S,
o€ avaloyia 1:1,

000 XpOVo N TouA Eival
npPOoPATN Kat mpiv
dnuioupynBel emMOUAWTIKOC
lOTOC.

H texvikn auth epapudletal 6AsC
TIG ETTOXEG EKTOG ATTO TNV dvoién
TTOU UTTAPXOUV XUUOL.
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ApaoTikn oucia: Triclopyr 48% [3/0
Mopon: Yypd YOAOKTWUATOTOLAGIO

OYAAZTE TO KAEIAQMENO KAI MAKPIA AMO MAIAIA

AMNATOPEYETAI H EODAPMOTH ME AEPOWEKAZMOYZ
AMNATOPEYETAI H MOAHZH TOY XE EPAZITEXNEZ

H xprion QUTOTIPOCTATEVTIKWY TIPOIOVTWY TIPETEL VA YIVETAL CUUPWVA HE TIG
odnyieg TG eTIKETAG.
Na autd mptv T Xprion StaBAcTe TPOCEKTIKA TNV ETIKETA TOU TTPOIOVTOC,.

« EmPBAaBéc o€ nepinTwon Katamoong.

« EpeBilei o 8éppa.
- Mmopei va mpokaléaet euaicOnromnoinon :‘ LS
ge ema@n pe To Sépua. ° .o
» EmBAaBéc: prropei va mpokaAéoel {nuia * T

OTOUG MVEUHOVEG OE MEPIMTWON KATATOoNG.

EMIBAABEX

« MoAU To&1ko yia Toug uSPORIoug opyavigpouUg,
umopsi va mpokalécel HaKPOXPOVIEG BuapevEic Ap. £yKp. KUKNO@OpIag: 7214/26-02-80
EMMTWOEIC 0TO LSATIVO TIEPIBAAAOV.

« Mn HOAUVETE Ta VEPA PIE TO OKEUAGHA 1) TN CUOKEUATIA TOU.

« ZXETIKA W TO&IKO yia TIG HENIOTEC.

« Mmopei va xpnotpomoleital yopw amd TI¢ HENOOEG pe

Emkivbuvo yia eAdx10TeC {nuié.

To mepiBailov

%M

EAANKO EANAZX A.E.B.E.
AOHNA: Meooyeiwv 335
. 152 31 Xahavdpt
'f///lm Dow AgroSciences Tn\: 213 006 5000
OEXXAAONIKH: TnhA.: 2310 289100
e-mail: contact@elanco.gr
www.elanco.gr
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10-13 cm between the
centres of cuts

Xpnowpomnoteiote TANTIA, MAXKA kat ZQXTH ENAYMAZIA,
oL QWTO €ivatl HOvo yla TNV ontikonoinon tng pedodov enépPaong kar tng xproneg/Tvmov Twv epyaleiwv !!!
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Triclopyr

7k.1

HEPIXXOTEPEX TIAHPO®OPIEX
I'TA THN APAXTIKH OYZXIA ITOY EXEI TO GARLON

M. Tu, C. Hurd, R. Robison & J.M. Randall

Herbicide Basics

Chemical formula: [(3,5,6-
trichloro-2-pyridinyl)oxy] acetic
acid

Herbicide Family:
Pyridine (Picolinic acid)

Target Species: Broadleaf herbs
and woody species

Forms: salt & ester
Formulations: EC, SL
Mode of Action: Auxin mimic

Water solubility: 430 ppm (acid),
23 mg/L (ester), 2,100,000 mg/L
(salt)

Adsorption potential:
Intermediate (higher for ester than
salt)

Primary degradation mech:
Microbial metabolism, photolysis,
and hydrolysis

Average Soil Half-life: 30 days
Mobility Potential: Intermediate

Dermal LD50 for rabbits:
>2,000 mg/kg

Oral LD50 for rats:
713 mg/kg

LC50 for bluegill sunfish:
148 mg/L

Trade Names: Garlon® and
Access®

Manufacturers: Dow Agro-
Sciences and Platte

TRICLOPYR

Synopsis

Triclopyr is a selective systemic herbicide used to
control woody and herbaceous broadleaf plants
along right-of-ways, in forests, and in grasslands and
parklands. It has little or no impact on grasses.
Triclopyr controls target weeds by mimicking the
plant hormone auxin, causing uncontrolled plant
growth.  There are two basic formulations of
triclopyr - a triethyamine salt, and a butoxyethyl
ester. In soils, both formulations degrade to the
parent compound, triclopyr acid.  Degradation
occurs primarily through microbial metabolism, but
photolysis and hydrolysis can be important as well.
The average half-life of triclopyr acid in soils is 30
days. Offsite movement through surface or sub-
surface runoff is a possibility with triclopyr acid, as
it is relatively persistent and has only moderate rates
of adsorption to soil particles. In water, the salt
formulation is soluble, and with adequate sunlight,
may degrade in several hours. The ester is not
water-soluble and can take significantly longer to
degrade. It can bind with the organic fraction of the
water column and be transported to the sediments.
Both the salt and ester formulations are relatively
non-toxic to terrestrial vertebrates and invertebrates.
The ester formulation, however, can be extremely
toxic to fish and aquatic invertebrates. Because the
salt cannot readily penetrate plant cuticles, it is best
used as part of a cut-stump treatment or with an
effective surfactant. The ester can be highly volatile
and is best applied at cool temperatures on days with
no wind. The salt formulation (Garlon 3A®) can
cause severe eye damage.
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Herbicide Details

Chemical Formula: [(3,5,6-trichloro-2-pyridinyl)oxy]acetic acid

Trade Names: There are two basic formulations of triclopyr: a triethylamine salt (triclopyr
amine or salt), and a butoxyethyl ester (triclopyr ester). The amine formulation is sold under the
trade name Garlon 3A® and is marketed in garden shops and hardware stores as Turflon Amine®
or as Brush-B-Gone®. The ester formulation is sold under the trade name Garlon 4° and is
marketed in garden shops and hardware stores as Turflon Ester®. Other trade names include
Access®, Crosshow®, ET®, PathFinder 11°, Redeem®, and Remedy®. These products also may
be mixed with picloram or 2,4-D to increase their versatility.

Manufacturers: Dow Agrosciences (formerly known as DowElanco or Dow Chemical), Platte

Use Against Natural Area Weeds: Triclopyr is used to control broadleaf herbs and woody
species (WSSA 1994). It is particularly effective at controlling woody species with cut-stump or
basal bark treatments. Susceptible species include the brooms (Cytisus spp., Genista spp., and
Spartium spp.), the gorses (Ulex spp.), and fennel (Foeniculum vulgare). Triclopyr ester
formulations are especially effective against root- or stem-sprouting species such as buckthorns
(Rhamnus spp.), ash (Fraxinus spp.), and black locust (Robinia pseudoacacia), because triclopyr
remains persistent in plants until they die.

Even though offsite movement of triclopyr acid through surface or sub-surface runoff is a
possibility, triclopyr is one of the most commonly used herbicides against woody species in
natural areas. Bill Neil, who has worked extensively on tamarisk/saltcedar (Tamarix spp.)
control, concluded that Pathfinder 11®, a triclopyr ester formulation by DowElanco, is the most
cost effective herbicide for combating saltcedar. On preserves across the U.S., triclopyr has
provided good control of tree-of-heaven (Ailanthus altissima), salt cedar (Tamarix spp.),
glossy buckthorn (Frangula alnus), common buckthorn (Rhamnus cathartica), sweet fennel
(Foeniculum vulgare), Brazilian peppertree (Schinus terebinthifolius), and Chinese tallow tree
(Sapium sebiferum). TNC preserves in Hawaii have successfully used triclopyr to control
blackwood acacia (Acacia melanoxylon), bush honeysuckle (Lonicera maackii), Chinese banyan
(Ficus microcarpa), corkystem passionflower (Passiflora suberosa), eucalyptus (Eucalyptus
globulus), Florida prickly blackberry (Rubus argutus), Mexican weeping pine (Pinus patula),
Monterey pine (Pinus radiata), strawberry guava (Psidium cattleianum), tropical ash (Fraxinus
uhdei), and velvet leaf (Miconia calvescens). Triclopyr can also be used in forest plantations to
control brush without significant impacts to conifers (Kelpsas & White). Spruces (Picea spp.)
can tolerate triclopyr, but some species of pine (Pinus spp.) however, can only tolerate triclopyr
during the dormant fall and winter months (Jotcham et al. 1989).

Mode of Action: Triclopyr is an auxin mimic or synthetic auxin. This type of herbicide kills the
target weed by mimicking the plant growth hormone auxin (indole acetic acid), and when
administered at effective doses, causes uncontrolled and disorganized plant growth that leads to
plant death. The exact mode of action of triclopyr has not been fully described, but it is believed
to acidify and “loosen” cell walls, allowing cells to expand without normal control and
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coordination. Low concentrations of triclopyr can stimulate RNA, DNA, and protein synthesis
leading to uncontrolled cell division and growth, and, ultimately, vascular tissue destruction.
Conversely, high concentrations of triclopyr can inhibit cell division and growth.

Dissipation Mechanisms:

Summary: Both the ester and amine formulations are degraded by sunlight, microbial
metabolism, and hydrolysis. In soils, both the ester and amine formulations will degrade rapidly
to the parent compound, triclopyr acid. The acid and ester formulations bind well with soils, and
therefore, are not likely to be mobile in the environment. The salt however, does not readily
adsorb and can be mobile. The ester can be highly volatile (T. Lanini, pers. com.).

Volatilization

Ester formulations of triclopyr can be highly volatile, and care should be taken in their
application. The potential to volatilize increases with increasing temperature, increasing soil
moisture, and decreasing clay and organic matter content (Helling et al. 1971).

Photodegradation

Both the ester and salt formulations are degraded readily in sunlight to the parent compound,
triclopyr acid, which is also photodegradable. A study of photolysis found the half-life of
triclopyr acid on soil under midsummer sun was two hours (McCall & Gavit 1986).
Photodegradation can be particularly important in water. Johnson et al. (1995) found triclopyr
acid dissolved in water had a half-life due to photolysis of one to 12 hours.

Microbial Degradation

Microbial metabolism accounts for a significant percentage of triclopyr degradation in soils. In
general, warm, moist soils with a high organic content will support the largest microbial
populations and the highest rates of herbicide metabolism (Newton et al. 1990). Johnson et al.
(1995a) found that microbial degradation of triclopyr was significantly higher in moist versus
dry soils, and higher at 30° C than at 15° C (DT50 is 46 days versus 98 days in dry soils, and 57
days versus 199 days in moist soils, respectively. Additionally, the presence of sunlight plays a
role in the rates of microbial metabolism of triclopyr. Johnson et al. (1995a) found that
microbial metabolism was slowed when soil was deprived of light.

Chemical Decomposition

Hydrolysis of both the salt and ester to the acid form occurs readily in the environment and
within plants (Smith 1976). McCall and Gavit (1986) reported that the ester was converted to an
acid with a half-life of three hours, and that the rate of hydrolysis in water increased with an
increase in pH.

Adsorption
Adsorption temporarily or permanently immobilizes triclopyr, but adsorption is not degradation.

Adsorption is more important for the immobilization of the ester than of the salt formulation.
The ester binds readily with the organic component of the soil, with adsorption rates increasing
as organic content increases and soil pH decreases (Pusino et al. 1994; Johnson et al. 1995a).
The salt form is soluble in water and binds only weakly with soil (McCall & Gavit 1986). The
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strong bond between the ester and soils accounts for the relatively low mobility of the ester in
soils, whereas the salt form is much more mobile (McCall & Gavit 1986). In practice, however,
both compounds are degraded rapidly to triclopyr acid, which has an intermediate adsorption
capacity.

Behavior in the Environment

Summary: In soils, both formulations are degraded by photolysis, microbial metabolism, and
hydrolysis to the parent compound, triclopyr acid. Triclopyr acid has an intermediate adsorption
potential, limiting movement of the acid in the environment. The acid degrades with an average
half-life of 30 days. In water, the salt will remain in the water column until it is degraded, which
can occur in as little as a few hours under favorable conditions. The ester formulation, however,
is not water-soluble and can take significantly longer to degrade in water. Within plants, both
the salt and ester formulations are hydrolyzed to the acid form, and transported through the plant.
Residues can persist in the plant until the tissues are degraded in the environment.

Soils

Both the ester and salt formulations degrade rapidly in soils to triclopyr acid, and thereafter,
behave similarly in soils. Adsorption, photodegradation, microbial metabolism, and volatility,
can all play a role in the dissipation of triclopyr from soils. The reported half-life of triclopyr in
soils varies from 3.7 to 314 days, but averages 30 days, depending on the formulation applied
and the specific soil and environmental conditions. If soil conditions are warm and moist,
microbial metabolism can be the primary means of degradation (Newton et al. 1990).

Johnson et al. (1995a) reported an average half-life of triclopyr acid in four laboratory soils of
138 days, but this time varied significantly with soil temperature. At 15°C half-lives ranged
from 64-314 days, while at 30°C half-lives were 9-135 days (Johnson et al. 1995). In Southwest
Oregon, Newton et al. (1990) found 24-51% of triclopyr residues remained after 37 days in a dry
and cool climate. Following an increase in warmth and moisture, however, dissipation increased
dramatically and triclopyr residues exhibited a half-life of 11-25 days. In a study of triclopyr
persistence in soil and water associated with rice production, triclopyr had a half-life of less than
ten days in the three soil types tested (Johnson et al. 1995b). In a pasture near Corvallis, Oregon,
the half-life of triclopyr acid was estimated to be 3.7 days (Norris et al. 1987).

Because of the importance of photodegradation and a decrease in the size of microbial
populations with soil depth, triclopyr located deeper in the soil column (>15 cm) degrades more
slowly than residues near the surface (Johnson et al. 1995a). Traces of triclopyr residues have
been found at soil depths of 45 cm as late as 477 days after application (Newton et al. 1990).
Sandy soils that are highly permeable may therefore, retain triclopyr longer. Most studies,
however, found that triclopyr generally does not tend to move in significant quantities below the
top 15 cm of soil (Norris et al. 1987; Newton et al. 1990; Stephenson 1990; Johnson et al.
1995a).

Weed Control Methods Handbook, The Nature Conservancy, Tu et al.
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Water

In water, the two formulations can behave very differently. The water-soluble salt is degraded in
the water column through photolysis and hydrolysis (McCall & Gavit 1985). The ester,
however, is not water-soluble and can be persistent in aquatic environments. The ester binds to
organic particles in the water column and precipitates to the sediment layers (McCall & Gavit
1986). Bound ester molecules will degrade through hydrolysis or photolysis to triclopyr acid
(Smith 1976), which will move back into the water column and continue to degrade. The rate of
degradation is dependent on the water temperature, pH, and sediment content.

Triclopyr acid has an intermediate soil adsorption capacity. Thus, movement of small amounts
of triclopyr residues following the first significant rainfall are likely (McCall & Gavit 1986), but
further leaching is believed to be minor (Newton et al. 1990; Stephenson et al. 1990; Thompson
etal. 1991). Movement of triclopyr through surface and subsurface runoff in areas with minimal
rainfall is believed to be negligible (Newton et al. 1990; Stephenson et al. 1990). In southwest
Oregon, Norris et al. (1987) found that neither leaching nor long-distance overland water flow
contributed significant amounts of the herbicide into a nearby stream, and concluded that the use
of triclopyr posed little risk for non-target organisms or downstream water users. Triclopyr can,
however, enter waterways via aerial drift and inadvertent overspray. When the acid was applied
to rice paddy fields, residues remained in the water column and were not found in significant
amounts in the soil (Johnson et al. 1995b). Degradation in water was rapid and showed a half-
life of four days.

Vegetation
Both the ester and salt formulations are hydrolyzed to the acid after entering plant tissue. The

acid tends to remain in plants until they die or dop leaves and begin to decay (Newton et al.
1990). Newton et al. (1990) reported that triclopyr in evergreen foliage and twigs showed
remarkable persistence. Although concentrations of triclopyr in the soil will decrease quickly
and remain low through the winter, levels can rise again in the spring if a new supply of
contaminated foliage falls from defoliating crowns (Newton et al. 1990). The residues of some
herbicides in fruit have been shown to persist up to one month (Holmes et al. 1994). There is
therefore a potential for long-term exposure of triclopyr to animal species that eat wild fruit. In
non-target plants, triclopyr soil residues can cause damage via root uptake (Newton et al. 1990).

Environmental Toxicity

Birds and Mammals

Triclopyr is regarded as only slightly toxic to birds and mammals. The oral LD50 for rats is
630-729 mg/kg. The LD50s for mallard ducks and bobwhite quail are 1,698 mg/kg and 2,935
mg/kg, respectively. Newton et al. (1990) predicted that triclopyr would not be present in animal
forage in doses large enough to cause either acute or chronic effects to wildlife, and concluded
that the tendency for triclopyr to dissipate quickly in the environment would preclude any
problems with bioaccumulation in the food chain. Garlon 3A® can cause severe eye damage to
both humans and wildlife, due to the high pH of its water-soluble amine salt base. Care must be
taken during mixing and application to prevent accidental splashing into eyes.
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In a study of the potential effects of herbicide residues on forest songbirds, sub-lethal doses of
triclopyr ester (500 mg/kg in the diet for 29 days) were found to cause weight loss and behavior
alterations in zebra finches (Holmes et al. 1994). In a 1987 study of triclopyr metabolism using
one cow, all traces of triclopyr were eliminated from the cow’s urine within 24 hours, and no
residues were detected in its milk or feces. This study, however, did not track whether any
triclopyr was absorbed into the cow’s tissues, or whether the triclopyr recovered in the urine was
still active (Eckerlin 1987).

Aquatic Species

Triclopyr acid and the salt formulation are slightly toxic to fish and aquatic invertebrates. The
LC50 of the acid and the salt formulation for rainbow trout are 117 mg/L and 552 mg/L,
respectively, and for bluegill sunfish 148 mg/L and 891 mg/L, respectively. The ester
formulation is highly toxic to fish and aquatic invertebrates, with an LC50 (96-hour) of 0.74
mg/L in rainbow trout and 0.87 mg/L in bluegill sunfish (WSSA 1994; EPA 1998). The
hydrophobic nature of the ester allows it to be readily absorbed through fish tissues where is it
rapidly converted to triclopyr acid. The acid can be accumulated to a toxic level when fish are
exposed to sufficient concentrations or for sufficient durations.

The extent to which the toxic effects of the ester are reduced by degradation is poorly
understood. Studies have shown that the ester formulation degrades rapidly to less toxic forms
(Thompson et al. 1991). Kreutzweiser et al. (1994) however, has shown that there is a
significant chance of acute lethal effects to fish exposed to low level residues for more than six
hours. In addition, delayed lethal effects were seen in fish exposed to high concentrations for a
short duration. Considering that Thompson et al. (1991) concluded that organisms subjected to
direct overspray were exposed to a high level of herbicide for short periods of time while
organisms downstream were exposed to low levels for longer periods, the findings of
Kreutzweiser et al. (1994) are of concern.

Nevertheless, most authors including the authors of the fish mortality study have concluded that
if applied properly, triclopyr would not be found in concentrations adequate to kill aquatic
organisms. As a measure of precaution, however, Kreutzweiser et al. (1991) suggest that some
water bodies remain at risk of lethal contamination levels including shallow and slow moving
water bodies where dissipation is slow, and heavily shaded streams that experience reduced
photodegradation.

Other Non-Target Organisms

Triclopyr inhibited growth of four types of ectomycorrhizal fungi associated with conifer roots at
concentrations of 1,000 parts per million (ppm) and higher (Estok et al. 1989). Some evidence
of inhibition of fungal growth was detected in bioassays with as little as 100 ppm triclopyr.
Typical usage in forest plantations, however, results in triclopyr residues of only four to 18 ppm
on the forest floor (Estok et al. 1989).
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Application Considerations:
Application Under Unusual Conditions:
Several natural area managers have found that Garlon 4® and 3A® are effective when applied in
mid-winter as a cut-stump treatment against buckthorns (Rhamnus cathartica and R. frangula).
It is often easier to get to these plants when boggy soils around them are frozen. Randy Heidorn,
Deputy Director for Stewardship of the Illinois Nature Preserve Commission (INPC),
recommends three protocols to increase the safety of triclopyr ester application in winter:
(1) use a mineral oil based carrier;
(2) make sure that at the time of application, no water is at or above the ground surface,
and no snow or ice is present that might serve as a route to spread the herbicide following
a thaw, and;
(3) initiate a monitoring program to assess ambient water concentrations of triclopyr ester
in communities that seasonally have water at or above the ground surface with little or no
discharge (i.e. bogs).

Safety Measures

The salt formulation in Garlon 3A® can cause severe eye damage because of the high pH of its
water-soluble amine salt base. Care should be taken to prevent splashing or other accident
contact with eyes.

Human Toxicology

Because studies into the carcinogenicity of triclopyr have produced conflicting results, EPA has
categorized triclopyr as a “Group D compound, or a chemical that is not classifiable as to
human carcinogenicity. The salt formulation in Garlon 3A® can cause severe eye damage.
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REMOVING THE INVASIVE TREE AILANTHUS
ALTISSIMA AND RESTORING NATURAL COVER

by Patrick L. Burch! and Shepard M. Zedaker?

Abstract. Eight herbicide treatments were applied by low-
volume basal applications and compared to hand cutting for
the removal of Ailanthus altissima. Manual cutting of Ailanthus
stimulated resprouting and increased overall stand density.
Chemical control not only removed existing trees but also
prevented resprouting. When evaluated 2 years after
treatment, optimal control of Ailanthus was achieved with a
combination of Garlon 4 and Tordon K herbicides. Garlon 4
at 20% v/v alone, Garlon 4 combined with Stalker, or
Stalker herbicide alone controlled Ailanthus better than
hand cutting but were not as effective as treatments
containing picloram. Removal of Ailanthus resulted in a shift
in herbaceous species to native species of the region
without reseeding with naturally occurring herbs. Manual
control of Ailanthus should be avoided in order to prevent
proliferation. Herbicide control of Ailanthus is the preferred
method of control because it successfully kills the trees and
prevents resprouting. Because major Ailanthus infestations
occur near roadways, access with a backpack sprayer
should be achievable.

Key Words. Ailanthus; invasive exotic tree; native
vegetation; Tordon K picloram; Garlon 4 triclopyr; Stalker
imazapyr; tree-of-heaven; herbicide control, manual cutting;
tree ecology; allelopathy.

Ailanthus altissima (tree-of-heaven) is an invasive exotic weed
tree that has become established throughout North
America. The state of Virginia, U.S., currently is experiencing
a rapid invasion of Ailanthus along highways, utility rights-of-
way, pastures, and disturbed forest sites. A recent survey of
interstate highways in southwestern Virginia found that 30%
of the mileage along the highways was infested by Ailanthus
(Stipes 1995). Ailanthus forms pure stands that shade out
herbaceous growth and decrease native plant diversity. They
also obstruct vistas along roadways as well as create a safety
hazard by obstructing the view of drivers. A successful
control method must be able to kill the Ailanthus stems and
roots while allowing for the reestablishment of native
vegetation on the site.

If ecological integrity is to be maintained in parks and
other natural areas, invasive exotic species such as Ailanthus
must be controlled within an acceptable limit. The purpose of

this study was to test the effectiveness of herbicide tank mixes
as low-volume basal applications on Ailanthus altissima. In the
study, the efficacy of several different mixtures of Garlon 4®
(triclopyr ester) plus Tordon K® (picloram salt) and Garlon 4
plus Stalker® (imazapyr), as well as Garlon 4 and Stalker alone
were tested to determine effective treatments on Ailanthus.
The effectiveness of manual cutting was also tested. Basal
applications utilize oil-soluble herbicide formulations applied
to the target stems in an oil carrier. Because no oil-soluble
formulation of picloram is registered in the United States, the
mixtures that contain Tordon K require adjuvants to remain
in a single phase during application.

Past research has found that basal applications of herbicide
mixtures can provide selective control of unwanted hardwood
stems. Herbicides have different physiological pathways and
modes of action. A mixture of Garlon 4 with Tordon K or
Stalker at selected rates may provide aboveground stem
dieback while also allowing translocation to the roots for
complete control. In many instances, herbicide mixtures have
been found to provide better control than single herbicides.
There are no published studies involving basal applications of
herbicide mixtures on Ailanthus altissima.

In Virginia, Shenandoah National Park is experiencing an
invasion of Ailanthus altissima along roadsides and in
disturbed areas throughout the park. This study will provide
useful information on efficient methods to control Ailanthus
altissima while maintaining the ecological integrity of the
remaining plant community.

HISTORY OF AILANTHUS ALTISSIMA

Ailanthus altissima (tree-of-heaven) is a native of China. For the
past 250 years, Ailanthus has rapidly spread through many
regions of the western world. Ailanthus was first introduced
into England and France in 1751 by a missionary who
mistook it for a Japan varnish tree (Feret 1985). Ailanthus was
brought to North America from two different sources. In the
east, gardeners first brought the seeds from England in the
late 1700s and planted them as ornamentals (Feret 1985).
The second route was through the West Coast by Chinese
immigrants who probably planted the Ailanthus seeds because
of its cultural significance and medicinal uses (Hoshovsky
1995). By the mid 1800s, Ailanthus was a common nursery
species in the eastern United States (Hoshovsky 1995). It
began on urban and rural home sites and spread along
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transportation rights-of-way. Today the species can be found
invading grasslands and disturbed forests throughout North
America.

Ecology-Biology

Ailanthus altissima is an invasive pioneer species and rapidly
spreads onto disturbed sites. The species is capable of
prolific root and stump sprouting as well as producing a
generous amount of seed. Both sprouts and seedlings
experience rapid juvenile growth (Miller 1990). Ailanthus
sprouts have been found to have 3 to 4 m of first-year
height growth, while seedlings have been found to grow 1 to
2 min the first year (Adamik and Braun 1957; Hu 1979;
Miller 1990). This vigorous growth can continue for 4 or
more years. The tree can reach a height of 15 to 24 m
(Harlow et al. 1996) and does not appear to be limited by
poor site conditions. It can tolerate a wide range of
stoniness and pH (Miller 1990) as well as urban pollution
(Feret 1985).

Ailanthus roots are shallow and spreading. Miller (1990)
states that there is a general absence of a tap root. Most roots
are present in the upper 46 cm of soil (Miller 1990). Roots
develop near the soil surface, allowing for adventitious
sprouting capability (Miller 1990). Although individual stems
live only a short time (30 to 50 years), prolific seeding and
sprouting ability allow for the formation of a dense thicket of
stems that will persist for an indefinite amount of time.
Ailanthus is a successful competitor with other pioneer
species. If allowed to establish itself, Ailanthus will create a
pure stand, with little opportunity for other plant species.
Ailanthus has been found to produce allelopathic compounds
in its bark and leaflets that are toxic to numerous woody and
herbaceous species (Lawrence et al. 1991; Heisey 1996)

Control Methods
The methods used to control Ailanthus include manual,
mechanical, burning, grazing, biocontrol, and chemicals
(Hoshovsky 1995). No method can be deemed successful
unless it can kill the roots or prevent additional sprouting,
Manual and mechanical methods include hand pulling
young seedlings, cutting or chopping stems, girdling the
stems, and hand digging the rootstocks (Hoshovsky 1995).
Hand pulling can be performed on young seedlings but
becomes impossible with a fully developed root system.
Cutting and chopping stems is a common method used to
control Ailanthus, but significant root and stump sprouting
will result. Girdling the cambial tissue on the stem will kill
the stem but also will lead to heavy root sprouting. Hand
digging the rootstocks will control Ailanthus, but it is
practical with small infestations only (Hoshovsky 1995).
Burning and grazing can kill Ailanthus stems and weaken the
roots, but neither method proves to be a long-term solution
to the continuous sprouting.

Ailanthus altissima has very few disease and insect pests,
so few biocontrol methods are currently available. Patho-
gens such as Verticillium spp. have the potential to become
important fungal diseases (Feret 1985). Research is being
conducted by R]. Stipes of Virginia Tech to isolate strains of
Fusarium spp. that may be useful as a mycoherbicide
treatment.

Chemical methods are being used to control Ailanthus,
but there is little research that provides accurate data on the
different chemical application methods. Many herbicides
can control or defoliate an Ailanthus stem. The most
important criteria for any chemical treatment are successful
control of root and stump sprouts and the eradication of
established stems. A herbicide treatment needs to kill the
Ailanthus stem while translocating down into the roots and
preventing any further sprouting.

METHODS AND MATERIALS

Test plots were established and treated in June 1997. The
plots were located along Skyline Drive at the US 33 inter-
change and across from mile marker 101 in Shenandoah
National Park. Troublesome Ailanthus altissima sprouts were
located along roadsides in the park for the study. Nine
treatments were applied: eight low-volume basal herbicide
treatments plus a manual cutting (Table 1). Aqumix, Inc.
(Cloverdale, VA), Eco-Pak LLC (Selma, IN), and Arborchem
Products Co. (Mechanicsburg, PA) provided ready-to-use
mixtures for this study. Four replicate plots were established
for each treatment.

Each plot consisted of a 5 by 5 m square, containing a
targeted minimum of ten established Ailanthus saplings or trees.
The plots were delineated with tagged PVC stakes. A buffer was
left between plots to avoid effects from surrounding plots.
Herbaceous cover was visually estimated pre- and post-
treatment over the entire plot for the three most dominant
herbaceous species as well as total species presence or absence.
Sequentially numbered tags identified each Ailanthus tree within
the 5 m plot, and diameter at breast height (dbh) was measured
for each tagged tree. Treatments were randomly assigned to each
numbered plot for a randomized complete split-plot design.

Low-volume basal herbicide treatments were applied with
a Solo® backpack sprayer using a solid cone nozzle at
approximately 30 psi. Herbicide mixtures were applied to the
lower 30 to 45 cm of each stem. Solutions were applied to
wet the bark but not to the point of surface runoff. Complete
coverage constituted wrapping of the solution around all
sides of the stem surface. Approximately 3 mL of mixture was
applied per inch of stem diameter.

Manual cutting was made with brush saws approximately 3
to 6 in. above ground level at the time of herbicide application.

Six weeks after treatment, visual estimations of defoliation
were made to quantify short-term treatment effects. One year
after treatment, in September 1998, diameters were mea-
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Table 1. Chemical treatments used to compare herbicide effectiveness with
manual cutting for control of Ailanthus in Shenandoah National Park, Virginia.

combined with a high Stalker rate (3%
v/v), to 100% defoliation for Garlon 4

alone and in Aqumix RTU. All other

Treatment code Carrier system Herbicide” Herbicide rate (% v/v)
1 HY-Grade EC Garlon 4 20
2 HY-Grade EC Garlon 4 20
Stalker 1
3 HY-Grade EC Garlon 4 15
Stalker 3
4 HY-Grade EC Garlon 4 20
Stalker 3
5 Aqumix RTU Garlon 4 20
Tordon K 5
6 Eco-Pak RTU Garlon 4 20
Tordon K 5
7 Arborchem RTU Garlon 4 20
Tordon K 5
8 HY-Grade EC Stalker 9
9 Manual cutting 7-15

cm above ground

treatments were intermediate in defoliation.
Herbicide treatments to Ailanthus
altissima greatly exceeded control and
mortality over that induced by manual
cutting of stems. Manual cutting averaged
1.6 new stump sprouts per stem, while
none of the chemical treatments pro-
duced any stump sprouts. Only 21% of
cut stump trees failed to resprout,
compared to 79% or greater mortality
using chemical control methods.
Herbicide combinations that induced
the highest mortality 1 year after treat-
ment were Garlon 4 at 20% v/v, 20%
Garlon 4 plus 5% Tordon K (in either the

‘Garlon 4 (triclopyr @ 480 gae/L); Stalker (imazapyr @ 240 gae/L); Tordon K (picloram @ 240 gae/L).

sured of remaining live trees to determine mortality and
control. Dead trees and manually cut trees were examined for
stump sprouting. The percentage of control was determined
using the change in diameter of live trees from 1997 to 1998
for chemical treatments according to the following:

Control % = (dbh 1997 — dbh 1998)/dbh 1997 0100

Dead trees were assigned 100% control. The percentage
of control for manual cutting treatment was based on the
number of stump sprouts emanating from the cut stump
above groundline. Each stump sprout accounted for
(-)100% control according to the following:

% cut stump control = (-)100 O(number of sprouts)

In January 2000, a tally was taken of the number of
Ailanthus stems in each plot and converted to the number of
stems per acre.

Native grass and herbaceous species seed mixtures were
considered but not applied after determining that post-
treatment effects included a shift from non-native species to
those common in the Shenandoah region. Data were
analyzed using ANOVA, and means were separated by LSD
at the o = 0.05 significance level. Stem counts 2 years after
treatment were analyzed by box plot because the treatment
variance precluded use of ANOVA.

RESULTS AND DISCUSSION

Defoliation 6 weeks after treatment indicated variable effects
for all treatments except manual cutting (Table 2). Defoliation
ranged from 75% for the low rate (15% v/v) of Garlon 4

Aqumix RTU or Eco-Pak RTU carrier),
and 9% Stalker in HY-Grade EC (Table 2).
Similarly, 20% Garlon 4 plus 1% Stalker
and 20% Garlon 4 plus 5% Tordon K (Arborchem RTU)
approached 100% mortality. While Arborchem RTU and 20/1
Garlon/Stalker mixtures did not result in significantly lower
mortality than the aforementioned treatments, persistent live
trees could be the result of incomplete application rather than
chemical ineffectiveness. Chemical combinations that did not
control Ailanthus as well as other treatments were 15% Garlon
4 plus 3% Stalker and 20% Garlon 4 plus 5% Stalker.

Garlon 4 at 20% and 9% Stalker, when applied indepen-
dently, successfully controlled Ailanthus. When combined, the
control was slightly decreased. Statistically, there were no
differences among any of the RTU mixes. Garlon or Stalker
alone or in mixtures with low rates (1%) of Stalker, and any of
the Garlon/Tordon RTUs, provided adequate control of
Ailanthus over manual cutting.

Overall stem reduction was assessed 2 years after treat-
ment. ANOVA was not used due to the lack of treatment
variance homogeneity. Data are presented using box plot
analysis. There was no difference among the RTU mixes, but
the differences among the treatments containing picloram and
the others were observed with the reduction in treatment
variance being very evident. While the Garlon and Garlon plus
Stalker treatments were similar, all treatments reduced the
overall stem count when compared to cutting alone (Figure 1).
Stalker alone at 9% provided intermediate control between the
RTU mixes and the Garlon + Stalker mixes.

Herbaceous species present on the plots prior to treatment
consisted largely of garlic mustard (Alliaria petiolata) along with
native herbaceous plants (Table 3). Either as a result of the
removal of Ailanthus, or due to natural species shifts, garlic
mustard, a non-native plant, was absent 1 year later and was
replaced by predominantly native species. Dominant species
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present over all four blocks
largely consisted of native

Table 2. Treatment effects on Ailanthus 6 weeks after treatment and the percentage of
control and mortality measured 1 year after treatment.

wildflowers, including Joe Pye Treatment

Defoliation % Control % Mortality %

weeds (Eupatorium spp.),

Dutchmans pipe (Aristolochia Garlon 4 20% in HY-Grade EC 100" 99.8a 100 a

. . Garlon 4 20% +1% Stalker in HY-Grade EC 06.7 A 08.1a 983a
durior), and jewelweed Garlon 4 15% + 3% Stalker in HY-Grade EC 7778 74.1b 79.6b
(Impatiens capensis), among Garlon 4 20% + 5% Tordon K in Aqumix RTU 100 A 100 a 100a
others. Once Ailanthus was Garlon 4 20% + 5% Tordon K in Eco-Pak RTU 94.5 A 100 100 a
removed, reseeding with native  Garlon 4 20% + 5% Tordon K in Arborchem RTU ~ 98.8 A 98.0a 98.7a
herbaceous species was not Stalker 9% in HY-Grade EC 78.0B 99.9a 100 a
necessary. Stalker 9% in HY-Grade EC

One interesting note Manual cutting 7-15 cm above ground 100 -150 ¢ 21.3¢

p-value .0001 .0001 .0001

regarding herbaceous species

composition was the dominant
vegetation surrounding the rock
wall that lies along Skyline Drive
near the US 33 interchange between the road and treatment
plots. Prior to treatment (June 1997), roadside herbaceous
vegetation was dominated by bouncing bet (Saponaria officinalis),
introduced from Europe. At the time of post-treatment measure-
ments (early September 1998), bouncing bet was either absent
altogether or only a minor component of the roadside vegetation
(Table 4). This finding suggests natural shifts in herbaceous
vegetation independent of Ailanthus control.

SUMMARY AND CONCLUSION

Manual cutting of Ailanthus stimulated resprouting and increased
overall stand density. Chemical control not only removed existing
trees but also prevented resprouting by eliminating the existing
root system. Optimal herbicide treatments for control of

"Means followed by the same case/style letter not significantly different at o = 0.05.

Ailanthus should include combination with 5% Tordon K. Garlon
4 at 20% v/v alone, Garlon 4 combined with Stalker, or Stalker
alone controlled Ailanthus better than hand cutting but were not
as effective as treatments containing picloram.

Removal of Ailanthus resulted in a shift in herbaceous
species to native species of the region without having to
reseed with naturally occurring herbs.

Manual control of Ailanthus should be avoided in order to
prevent proliferation throughout the park. Herbicide control
of Ailanthus would be the preferred method of control because
it not only successfully kills the trees, but it also prevents
resprouting. Because major Ailanthus infestations occur near
roadways, access with a backpack sprayer should not be a
major concern.

Manual Cutting — —] o] -

Stalker 9% —|

Arborchem RTU —
ECO-PAKRTU
AQUMIX RTU

Garlon 4 + Stalker 20+3% —
Garlon 4 + Stalker 15+3% —
Garlon 4 + Stalker 20+1% —
Garlon 4 20% —

T

T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 8000

stems per acre
Black dot represents the mean value, the vertical line near mean

50% of the middle data, and the horizontal lines (tails) represent the
extent of the data.

represents the median value, the rectangular box represents roughly

Treatment Mean Stems Per
Acre 2 YAT
Manual cutting 7-15 cm above 5645
ground
Stalker 9% in HY-Grade EC 363
Garlon 4 20% + 5% Tordon K in 81
Arborchem RTU
Garlon 4 20% + 5% Tordon K in 81
ECO-PAK RTU
Garlon 4 20% + 5% Tordon K in 121
AQUMIX RTU
Garlon 4 20% + 3% Stalker in 1089
HY-Grade EC
Garlon 4 15% + 3% Stalker in 766
HY-Grade EC
Garlon 4 20% + 1% Stalker in 1331
HY-Grade EC
Garlon 4 20% in HY-Grade EC 685

Figure 1. Box plot of stem count (number of stems per acre) as affected by treatments. Untreated is hand-cut only.
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Table 3. Pre-treatment dominant herbaceous species over all four blocks by treatment for Ailanthus control plots on

Skyline Drive in Shenandoah National Park, Virginia.

Treatment

Overall three most dominant species

Average % cover”

Garlon 4 20% in HY-Grade EC
Garlon 4 20% + 1% Stalker in
HY-Grade EC

Garlon 4 15% + 3% Stalker in
HY-Grade EC

Garlon 4 20% + 3% Stalker in
HY-Grade EC

Garlon 4 20% + 5% Tordon K
in CWC basal mix RTU

Garlon 4 20% + 5% Tordon K
in Exacto RTU

Garlon 4 20% +5% Tordon K
in Arborchem RTU

Stalker 9% in HY-Grade EC

Manual cutting 3 in. above
ground

Alliaria petiolata (garlic mustard)
Impatiens capensis (jewelweed)
Aristolochia durior (Dutchman’s pipe)
Alliaria petiolata (garlic mustard)
Osmorhiza longistylis (sweet cicely)
Arctium minus (burdock)

Alliaria petiolata (garlic mustard)
Impatiens capensis (jewelweed)
Hydrophyllum virginianum (Virginia waterleaf)
Alliaria petiolata (garlic mustard)
Arctium minus (burdock)
Toxicodendron radicans (poison ivy)
Alliaria petiolata (garlic mustard)
Eupatorium spp. (Joe Pye weed)
Impatiens capensis (jewelweed)
Alliaria petiolata (garlic mustard)
Bromus sterillis (bromegrass)
Arctium minus (burdock)

Alliaria peiolata (garlic mustard)
Impatiens capensis (jewelweed)
Arctium minus (burdock)

Alliaria petiolata (garlic mustard)
Gillenia trifoliata (bowman’s root)
Aristolochia durior (Dutchman’s pipe)
Alliaria petiolata (garlic mustard)
Osmorhiza longistyllis (sweet cicely)
Arctium minus (burdock)

58
40
40
67
40
32
57
40
20
57
30
15
75
27
20
60
50
20
62
20
20
67
20
20
67
30
20

YAverage cover may be greater than 100% because coverage was averaged over four blocks by species.
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Table 4. Post-treatment dominant herbaceous species over all four blocks by treatment for Ailanthus control plots

on Skyline Drive in Shenandoah National Park, Virginia.

Treatment

Overall three most dominant species

Average % cover*

Garlon 4 20% in HY-Grade EC
Garlon 4 20% + 1% Stalker in
Hy-Grade EC

Garlon 4 15% + 3% Stalker in
Hy-Grade EC

Garlon 4 20% + 3% Stalker in
HY-Grade EC

Garlon 4 20% + 5% Tordon K
in HY-Grade EC

Garlon 4 20% + 5% Tordon K
in CWC basal nix RTU

Garlon 4 20% + 5% Tordon K
in Exacto RTU

Garlon 4 20% + 5% Tordon K
in Arborchem RTU

Stalker 9% in Hy-Grade EC

Manual cutting 3 in. above
ground

Impatiens capensis (jewelweed)
Mixed grasses’

Eupatorium spp. (Joe Pye weed)
Mixed grasses

Aristolochia durior (Dutchman’s pipe)
Impatiens capensis (jewelweed)
Arctium minus (burdock)

Impatiens capensis (jewelweed)
Aristolochia durior (Dutchman’s pipe)
Mixed grasses

Impatiens capensis (jewelweed)
Eupatorium spp. (Joe Pye weed)
Mixed grasses

Impatiens capensis (jewelweed)
Eupatorium spp. (Joe Pye weed)
Mixed grasses

Aristolochia durior (Dutchman’s pipe)
Eupatorium spp. (Joe Pye weed)
Eupatorium spp. (Joe Pye Weed)
Impatiens capensis (jewelweed)
Mixed grasses

Mixed grasses

Impatiens capensis (jewelweed)
Sanguinara canadensis (bloodroot)
Impatiens capensis (jewelweed)
Verbascum thapsus (mullein)
Arctium minus (burdock)

Impatiens capensis (jewelweed)
Eupatorium spp. (Joe Pye weed)
Aristolochia durior (Dutchman’s pipe)

60
30
20
40
30
25
40
31
20
40
30
30
40
30
30
40
40
30
50
40
30
50
40
30
37
30
30
30
10
5

*Average cover may be greater than 100% because coverage was averaged over four blocks by species.
YMixed grasses consisted of Danthonia, Poa, Agrostis, Dactylis, Festuca, and Panicum spp.

Résumé. Huit traitements avec des herbicides ont été
utilisés au moyen d’applications basales a faibles volumes et
ont été ensuite comparés a la coupe manuelle pour
l'éradication de I'Ailanthus altissima. La coupe manuelle de
'Ailanthus a stimulé la production de rejets et accrue la
densité globale du peuplement. Le contréle chimique n’a pas
seulement éliminé les arbres existants, mais a aussi prévenu
la formation de rejets. Suite a une évaluation effectuée deux
années apres le traitement, on a constaté que le controle
optimum de l'Ailanthus était atteint avec une combinaison
d’herbicides que sont le Garlon 4 et le Tordon K. Le Garlon
4 seul 2 20% (v/v), le Garlon 4 combiné avec le Stalker, ou
encore le Stalker seul, controlaient de facon supérieure
'Ailanthus que la coupe manuelle, mais ils n'étaient pas aussi
efficaces que les traitements qui contenaient du picloram.
Léradication de 'Ailanthus a produit un changement des
especes herbacées indigenes vers des especes introduites, et
ce dans les régions ot il n'’y avait pas de réensemencement

provenant d’herbacées naturellement présentes. Le controle
manuel de I'Ailanthus devrait étre évité afin de prévenir la
prolifération sur 'ensemble du site. Le controle par herbi-
cide de I'Ailanthus est 1a méthode de contréle préférable
étant donné qu'il détruit avec succes les arbres et prévient la
formation de rejets. Du fait que les infestations majeures par
I'Ailanthus se produisent pres des routes, I'acces avec un
réservoir dorsal devrait étre réalisable.

Zusammenfassung. Bei der Entfernung von Ailanthus
wurde 8 verschiedene Herbizidanwendungen in einer
basalen Applikation mit manuellem Riickschnitt verglichen.
Manueller Ruckschnitt stimulierte einen Wiederausschlag
der Knospen und vergrofSerte die Dichte des Bestands. Die
chemische Kontrolle verminderte nicht nur vorhandene
Baume, sondern verhinderte auch das Austreiben von
Knospen. In einer Bewertung nach zwei Jahren wurde eine
optimale Kontrolle bei einer Kombination von Garlon 4 und
Tordon K erreicht. Garlon 4 bei 20% v/v allein, Garlon 4
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kombiniert mit Stalker oder Stalker alleine kontrollierte
Ailanthus besser als manueller Riickschnitt, aber sie waren
weniger effektiv als Behandlungen, die Picloram enthielten.
Die Entfernung von Ailanthus fuhrte zu einer Verdanderung
der Artenzusammensetzung zum Vorteil der endemischen
Pflanzen, ohne diese nachsiden zu mussen. Die Herbizidkon-
trolle ist die bevorzugte Kontrollmethode, weil es auf die
Dauer erfolgreich abtotet und ein Nachkeimen unterdruckt.
Da grofSere Ailanthus bestande neben Strafsen vorkommen,
kann ein Zugriff mit Rickenspritzen empfohlen werden.
Resumen. Se compararon ocho tratamientos con
herbicida en aplicaciones basales de bajo volumen
comparadas con remocion manual de Ailanthus altissima. Las
cortas manuales de Ailanthus estimularon el rebrote e
incrementaron la densidad. El control quimico no solamente
elimino los arboles existentes, sino que también previno el

rebrote. Cuando se evaluaron los tratamientos, dos afios
después, el control 6ptimo de Ailanthus fue mejorado con
una combinacion de los herbicidas Garlon 4 y Tordon H.
Garlon 4 al 20% v/v solo, Garlon 4 combinado con
herbicida Stalker o Stalker solo, controlé Ailanthus mejor
que las cortas manuales pero no fue tan efectivo como los
tratamientos que contenfan picloram. La remocion de
Ailanthus resulté en un cambio de especies herbaceas a
especies nativas de la region sin la regeneracion natural de
herbaceas. El control manual de Ailanthus debe evitarse con
el fin de prevenir su proliferacion en el parque. El control
herbicida de Ailanthus es el método preferido de control.
Debido a que las infestaciones de Ailanthus se presentan
cerca de las carreteras, debe llevarse a cabo el trabajo con
una mochila aspersora.
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Control of Ailanthus altissima Using Stem Herbicide
Application Techniques

Joseph M. DiTomaso and Guy B. Kyser

Abstract. Three herbicides were tested using four stem application techniques for control of both single trunks and clumps
of tree-of-heaven [Ailanthus altissima (Miller) Swingle]. Imazapyr, triclopyr, and glyphosate were applied using cut stump,
stump injection, and stem injection techniques. Imazapyr and triclopyr were also applied as a basal bark treatment.
Treatments were compared against manual cutting and untreated controls. Untreated cut stems did not provide control of
tree-of-heaven. Cut stump treatment with imazapyr and triclopyr (20% v/v in oil) resulted in more than 90% reduction in
both vigor ratings and resprouting of single stems and clumps. In contrast, stump injection applications were ineffective
with all herbicides. For stem injection treatments, undiluted imazapyr gave the best results (>95% canopy reduction), but
glyphosate also provided excellent control (92% canopy reduction). Removing stems 4, 8, or 12 months after treatment did
not impact the level of control with imazapic. Imazapic at half the standard rate also gave good control of multistemmed
clumps. Basal bark treatments with imazapyr or triclopyr (20% v/v in oil) gave equally good results, providing nearly
complete control. Triclopyr is less selective than imazapyr and thus offers a better option when desirable vegetation
surrounds the stems. These results provide several effective options for the control of tree-of-heaven in both urban and
riparian sites.

Key Words. Ailanthus; basal bark; cut stump; glyphosate; herbicide control; imazapyr; invasive tree; manual cutting;
riparian; stem injection; stump injection; tree-of-heaven; triclopyr.

Tree-of-heaven [Ailanthus altissima (Miller) Swingle] is na-
tive to eastern Asia. In 1751, it was brought to England (Feret
1985) and in 1784 was introduced to Philadelphia in the
United States as an ornamental (Wyman 1951). It was again
imported to Long Island in 1790 and its use as a cultivated
plant quickly expanded into the eastern and midwestern
United States (Feret 1985).

It has been postulated that tree-of-heaven was first intro-
duced to California and other western states as an ornamental
in the 1800s with the Chinese who immigrated during the
Gold Rush (McClintock 1981) or were used to build the
western rail systems (Feret 1985). By the early 1900s, tree-
of-heaven declined in popularity owing to a number of fac-
tors. It resprouts prolifically from both shallow spreading
roots and cut stumps, so that once established, it is difficult to
remove. In addition, the foliage produces an unpleasant odor,
which is associated with headaches and nausea. The leaves or
leaf leachates can also cause dermatitis with vesicular erup-
tions (Burrows and Tyrl 2001), and the pollen is a known
allergen (Blumstein 1943).

Despite decreased popularity, tree-of-heaven escaped cul-
tivation and expanded its range in most of the United States
(Merriam 2003; DiTomaso and Healy 2006). It is currently
established in urban waste areas, old dwellings and mining
settlements, roadsides, utility rights-of-way, pastures, and

disturbed forest sites (Burch and Zedaker 2003). In the east-
ern United States, tree-of-heaven has also established in for-
ests where it has been shown to create dense stands and
outcompete native woody species (Knapp and Canham 2000;
Call and Nilsen 2005). In California, it is a highly invasive
tree in riparian areas as well as grassland and woodland sites
(Hunter 2000, Kelly 2001). It can survive from sea level to at
least 1585 m (5,231 ft) under a broad range of soil conditions
but generally grows best in areas where soil moisture is not
limiting (Feret 1985).

Tree-of-heaven is a shade-intolerant species that grows
rapidly and quickly establishes in the gaps of forest or ripar-
ian areas (Knapp and Canham 2000). Although seedlings
cannot survive under a dense canopy, root sprouts grow
slowly and survive for years under an intact canopy (Kowarik
1995). Once released by the development of a gap, these
clonal ramets can rapidly establish. When exposed to light,
new shoots can grow up to 1.8 m (5.94 ft) in length in a single
season and can eventually reach heights of nearly 18 m (59.4
ft) (Feret 1985).

Although a number of factors contribute to the competitive
ability of tree-of-heaven, it may outcompete other species
through the production of quassinoids that act as allelochemi-
cals (Heisey 1990; Lawrence et al. 1991; Heisey 1996; Hei-
sey and Heisey 2003). The most active of these compounds is
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ailanthone, which is most concentrated in the root and stem
bark (Heisey 1996; De Feo et al. 2003).

Control of tree-of-heaven can be difficult. Manual cutting
or girdling the cambial tissue of the stem generally stimulates
stump and root sprouting as a result of the loss of apical
dominance, resulting in an increase in overall stand density
(Kelly 2001; Burch and Zedaker 2003). Herbicides have also
been tested for tree-of-heaven control in several studies.
Hexazinone applied as a foliar treatment gave varied levels of
control (55% to 93% at 2.4 to 9.6 kg-ha [2.1-8.6 Ib-ac]) 21
months after treatment (Pritchard 1981). However, it is not
registered for use near water and is not an option in riparian
areas. Foliar application of the growth regulator herbicide
triclopyr (Butler and Britting 1998) and glyphosate applied
with a rope wick applicator to the foliage also provide control
(Butler and Britting 1998).

For more mature woody plants, low-volume basal bark
treatments of triclopyr, picloram, and imazapyr were used to
control tree-of-heaven in Virginia (Burch and Zedaker 2003).
Two years after treatment, optimal control was achieved with
a combination of triclopyr and picloram. Triclopyr and
imazapyr alone or in combination also gave some control, but
not as effectively as combinations with picloram. Picloram is
not registered for use in California nor is it registered near
water in any region of the country. Thus, like hexazinone, it
is not a control option in most areas of the west where tree-
of-heaven has invaded riparian sites. In a California study,
Kelly (2001) reported a triclopyr basal bark treatment to be
very effective (98% control) on tree-of-heaven.

Large woody plants can also be controlled using a cut
stump technique, in which the herbicide is applied directly to
the cambial regions of the newly cut stem. It is widely rec-
ommended that application of the herbicide be made within
30 min after cutting (Tjosvold and McHenry 1986). A com-
bination of picloram and 2,4-D as a cut stump treatment was
found to be ineffective for control of tree-of-heaven (Pritch-
ard 1981). In contrast, triclopyr and glyphosate showed good
results in one study (Butler and Britting 1998) with only a
few plants resprouting after a cut stump treatment. However,
in another report (Kitz 1997), these same herbicides did not
provide effective control with a cut stump treatment.

In our study, we examine several stem treatment tech-
niques for the control of tree-of-heaven. We compare the
effectiveness of three herbicides (triclopyr, glyphosate, and
imazapyr), all with formulations registered for use in riparian
habitats or systems adjacent to water. We evaluated the ef-
fectiveness of cut stump, basal bark, stem injections, and
stump injection treatments as well as untreated mechanical
cutting. In addition, we examine the timing of removing trees
after a stem injection treatment and the timing of herbicide
application after cutting the stems. The objective is to provide
land managers with the most effective option for tree-of-

heaven control in sensitive habitats near water and to expand
the control options available in other infested sites such as
urban settings.

MATERIALS AND METHODS

Treatment Sites

The initial stem injection trial was conducted on the campus
of the University of California, Davis, along the relict (now
dry) south fork of lower Putah Creek at =15 m (=49.5 ft)
elevation. This area has a warm Mediterranean climate with
a mean yearly precipitation of 480 mm (19.2 in), most of it
during the winter season.

The subsequent study, designed to compare different her-
bicides and application techniques, was conducted on Cali-
fornia Department of Fish and Game property along Putah
Creek in western Yolo County at =60 m (=198 ft) elevation.
This region has a warm Mediterranean climate with a mean
annual precipitation of 584 mm (23.36 in) (86% between
November and March). Trees were located along a small
fluvial terrace, 10 to 80 m (33 to 264 ft) distant from the creek
and 5 to 10 m (16.5 to 33 ft) above the mean creek level. This
infestation has been present for approximately 20 years and
originated with ornamental plantings at a home site a short
distance upstream. The native vegetation consisted of blue
oak woodland dominated by blue oak (Quercus douglasii)
and foothill pine (Pinus sabiniana) in the uplands and by
Goodding’s black willow (Salix gooddingii), California black
walnut (Juglans californica), and seepwillow (Baccharis sal-
icifolia) closer to the creek.

Treatment Parameters

The initial trial was conducted at two locations in the Uni-
versity of California, Davis, Riparian Preserve. For all treat-
ments at this site, individual plants were treated as replicates
with eight replicates per treatment at each site. Tree-of-
heaven plants were treated with one of two commercial for-
mulations of imazapyr by a stem injection technique (Table
1). Because it has been reported that the effectiveness of
foliar treatments of imazapyr on saltcedar (Tamarix ramosis-
sima) is compromised unless the plants are left uncut for 2
years after treatment (Duncan and McDaniel 1998), we com-
pared the effect of the herbicide on plants cut below the stem
injection site 4, 8, and 12 months after treatment.

At the first site, we selected trees in three size classes,
small (4 to 8 cm [1.6 to 3.2 in] trunk diameter at knee height),
medium (8 to 16 cm [3.2 to 6.4 in] diameter at knee height),
and clumps with three to eight trunks branching below knee
height. Only the clumps were left uncut. The emulsifiable
concentrate formulation of imazapyr (Stalker [BASF Corp.,
Research Triangle Park, NCJ; 239.7 g-ae [acid equivalent]/L;
2 Ib-ae/gal) was used at this location. At the second site, we
selected only medium trees (8 to 16 cm [3.2 to 6.4 ft] diam-
eter at knee height). In this location, we used the water-
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Table 1. Chemical techniques, location, timing, treatment, carrier, and rate used to control tree-of-heaven.
Treatment method Treatment location Year of October Herbicide (trade name) Carrier Rate
Stem injection University of California, Davis 1998 Imazapyr (Stalker) None Undiluted
1998 Imazapyr (Habitat) None Undiluted
Cut stump Putah Creek 2001 Glyphosate (Roundup Pro) 50% water 50%
2001 Imazapyr (Chopper) 80% Hasten oil 20%
2001 Triclopyr (Garlon 4) 80% Hasten oil 20%
Stem injection Putah Creek 2001 Glyphosate (Roundup Pro) None Undiluted
2001 Imazapyr (Chopper) None Undiluted
2001 Triclopyr (Garlon 4) None Undiluted
Stump injection Putah Creek 2001 Glyphosate (Roundup Pro) None Undiluted
2001 Imazapyr (Chopper) None Undiluted
2001 Triclopyr (Garlon 4) None Undiluted
Basal bark Putah Creek 2001 Imazapyr (Chopper) 80% Hasten oil 20%
2001 Triclopyr (Garlon 4) 80% Hasten oil 20%

soluble formulation of imazapyr (Habitat [BASF Corp., Re-
search Triangle Park, NCJ; 239.7 g-ae/L; 2 1b-ae/gal), which
is registered for use in riparian areas and adjacent to water.
Trees at both sites were treated on 23 October 1998, in au-
tumn before leafdrop.

In the Putah Creek site in Yolo County, California, we
tested four treatment methods for control of tree-of-heaven
using three herbicides. Treatments were made shortly before
leafdrop in late October 2001. Herbicides tested included the
emulsifiable concentrate of imazapyr (Chopper [BASF Corp.,
Research Triangle Park, NCJ; 239.7 g-ae/L; 2 1b-ae/gal), the
ester formulation of triclopyr (Garlon 4 [DOW AgroSciences
LLC, Indianapolis, IN]; 479.3 g-ae/L; 4 Ib-ae/A), and glypho-
sate (Roundup Pro [Monsanto Co., St. Louis, MO]J; 359.5
g-ae/L; 3 lb-ae/gal). Methods included stem injection, cut
stump, stump injection, and basal bark treatments. In addi-
tion, we included untreated plants for each treatment. Indi-
vidual trees were treated as replicates with six to eight trees
per treatment. Trees were represented by three size classes
(trunks <8 cm [<3.2 in] diameter, trunks >8 cm [>3.2 in], and
multiple trunks). At least two trees from each size category
were included in each treatment.

Because trees were randomly dispersed along each of these
riparian areas, treatments at each site were organized in a
complete randomized block design. Individual trees were
marked with plastic flagging and numbered with aluminum
tags.

Treatments Techniques

Cut Stump

Trees were cut 60 cm (24 in) above the soil surface using a
chain saw. The stump cambium was treated with an herbicide
solution consisting of 20% v/v Chopper in Hasten crop oil,
20% v/v Garlon 4 in Hasten oil, or 50% v/v Roundup Pro in
water (Table 1). The herbicide solution was applied using a
laboratory Nalgene squeeze bottle. An average of 5 mL total
solution (range from 3 to 25 mL [0.09 to 0.75 fI oz] depend-

ing on tree size) was used per stump (3.6 cm [=1.4 in] diam-
eter average stump size), which wet the cambial ring short of
runoff down the stem. Stumps were treated at four intervals
after cutting (0, 15, 30, and 60 min).

Stem Injection

The stem injection technique, also known as hack-and-squirt,
consisted of making a downward angled 4 to 8 cm long (1.6
to 3.2 in) hatchet mark (hack) in the bark 30 to 45 cm (12 to
18 in) above the soil surface and then injecting 1 mL [0.03 fl
oz] of undiluted herbicide (Chopper, Garlon 4, or Roundup
Pro) into the mark using a disposable 10 mL (0.30 fl oz)
pipette and pipette pump (Table 1). The standard rate was one
hack and herbicide treatment for every 8 cm (3.2 in) in trunk
diameter. For the tree clumps, the standard dose was based on
the accumulated stem diameter (total of all stems) of all
trunks, but applications were made at lower rates of one-half
or one-fourth the standard rate. These lower rates were used
because it was considered impractical to apply herbicide to
each stem within every clump. For example, a clump with
four 8 cm (3.2 in) stems (standard rate of four injections, one
on each stem) would receive either two injections, one each
on two stems (one-half rate) or one injection on one stem
(one-fourth rate). We also established control trees of all
sizes, which were also marked with the hatchet but were not
treated.

Stump Injection

Trees were cut with a chainsaw similar to the cut stump
treatment. A hatchet mark and undiluted herbicide treatment
(Chopper, Garlon 4, or Roundup Pro) was then made to the
stump as described for the stem injection treatment (Table 1).
The herbicide application was performed either immediately,
1 hr, 1 day, or 1 week after the tree was cut to test whether a
delay between cutting and treatment would affect efficacy.

Basal Bark

Similar to the stem injection treatment, this technique left the
tree standing. Only imazapyr and triclopyr were used in this
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treatment, because glyphosate is not lipophilic and cannot be
mixed in oil. An oil carrier is necessary to penetrate the tree
bark. Either Chopper or Garlon 4 (20% in Hasten oil) was
applied to cover the basal 45 cm (18 in) of the tree trunk using
a bottle sprayer. Trunks were sprayed to wet but not to runoff.
An average of 60 mL of total solution was applied to each
tree.

Evaluations and Analysis

At the University of California, Davis, site, each tree (repli-
cate) was visually estimated for percent crown reduction 8
(June 1999) and 21 months (July 2000) after treatment.
Evaluation of percent crown reduction in all trees were based
on a relative comparison of foliage canopy in an undamaged
tree. In addition, measurements were made of the percentage
of trees with resprouts as well as the number and height of
resprouting stems.

In the Putah Creek site, visual estimates of percent canopy
reduction and canopy vigor were determined in August 2002
(10 months after treatment) and August 2003 (22 months
after treatment) for each tree. Vigor measurements were vi-
sual estimates based on comparison with undamaged foliage
of untreated trees and ranged from 0 (dead) to 10 (undam-
aged). In addition, the percentage of trees that resprouted was
recorded and resprout vigor, number, and height were visu-
ally evaluated or measured.

For standing-tree treatments, canopy reduction and vigor
were compared across all treatments (including uncut con-

trols) using analysis of variance (ANOVA), and means were
separated using the Student-Newman-Keuls (SNK) test (o« =
0.05). For stump treatments, the presence or absence of stump
sprouts was compared across herbicide types, within each
parent treatment technique, using logistic regression (a0 =
0.05). Vigor of stump sprouts (including stumps with no
sprouts, which were assigned a vigor rating of 0) was com-
pared using ANOVA and SNK. Cut-stump subtreatments
(time interval between cutting and herbicide application)
were compared within each herbicide and within each parent
application technique using logistic regression and ANOVA.
Time subtreatments were grouped by herbicide within each
parent application technique after it was determined that time
interval had no effect.

RESULTS AND DISCUSSION

At the University of California, Davis site, manual cutting
used alone provided little, if any, control of tree-of-heaven.
By 10 months after cutting, small and large stumps produced
between three and nine new basal sprouts (Table 2). By 21
months after cutting, =25% to 30% of the cut trees died, but
the remainder averaged =4 new sprouts per stump. These new
sprouts were an average of 1.6 to 2 m (5.3 to 6.6 ft) in height.
Burch and Zedaker (2003) also showed that mechanical cut-
ting stimulated tree-of heaven resprouting (1.6 new sprouts
per stump) and increased overall stand density. They simi-
larly showed that 21% of the cut stump trees failed to re-
sprout.

Table 2. Tree-of-heaven control using stem injection treatment with undiluted imazapyr as an emulsifiable

concentrate (Stalker) or water-soluble (Arsenal) formulation?.

Evaluation 8 MAT*

Evaluation 21 MAT

Mean Mean crown Percent of ~ Mean number Mean height Crown
Cutting number reduction stumps of sprouts on of sprouts reduction
Treatment date of sprouts (%) with sprouts sprouting stumps (m) (%)
Imazapyr (Stalker)
Small trees (4-8 cm diameter) 4 MAT 0 —
8, 12 MAT — 979+52
12.5 1.0 04 —
Medium trees (8—16 cm diameter) 4 MAT 0 —
8, 12 MAT — 96.9 £4.4
Clumps, 1/2 dose — — 842+146 — — — 99.3 +£0.6
Clumps, 1/4 dose — — 76.0 £8.9 — — — 81.7+18.9
Untreated small trees 4 MAT 275+3.10 —
8, 12 MAT — 0
70.8 3.8 1.6 —
Untreated medium trees 4 MAT 275+250 —
8, 12 MAT — 0
Imazapyr (Habitat)
Medium trees (8—16 cm diameter) 4 MAT 0 — 8.3 1.0 0.6 —
8, 12 MAT — 94.8+£5.8
Untreated medium trees 4 MAT 9.25+427 — 75.0 4.0 2.0 —
8, 12 MAT — 26.3+37.4

*Months after treatment (4 MAT = February 1999; 8 MAT = June 1999; 12 MAT = October 1999, 21 MAT = July 2000).
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Both formulations of imazapyr were very effective for the
control of small and medium trees using stem injection.
Crown reduction was between 95% and 98% with either the
water-soluble (Habitat) or emulsifiable concentrate (Stalker)
formulation of imazapyr 10 months after treatment (Table 2).
Because imazapyr is known to translocate slowly, it was pos-
tulated that a single winter season would not be sufficient to
allow the herbicide to circulate throughout the tree and give
adequate control. With saltcedar or tamarisk (Tamarix spp.),
it was demonstrated that plants could not be cut until two full
growing seasons after foliar treatment (Duncan and McDaniel
1998). However, with tree-of-heaven there was no difference
between trees cut down at 4, 8, or 12 months after treatment
and no difference between the two formulations of imazapyr
by 21 months after treatment. At this evaluation timing, only
12.5% and 8.3% of the Stalker- and Habitat-treated plants,
respectively, had stump sprouts. In addition, sprouts were
about four times fewer in number and four times smaller than
resprouts from the mechanically cut trees without an herbi-
cide treatment.

Stem injection treatment of tree clumps with half of the
standard rate of Stalker gave 84% crown reduction 8§ months
after treatment and 99% reduction 21 months after treatment
(Table 2). The quarter rate, however, gave only 82% crown
reduction, which is was not considered to be satisfactory
control.

Our results indicate that imazapyr applied as a stem injec-
tion treatment can be an effective method for tree-of-heaven
control even with plants growing in clumps. In some cases, it
also was observed that imazapyr appeared to move from
treated stems to other adjacent trees, presumably through root
grafts. Symptoms of imazapyr injury were evident in other
untreated tree-of-heaven stems up to =5 m (16.5 ft) away
from the treated stem. This phenomenon has been observed in

other trees. A similar response was noted in black oak (Quer-
cus kelloggii) after a stem injection imazapyr treatment
(DiTomaso et al. 2004). Despite this response within tree-of-
heaven plants, we observed no injury resulting from root
grafting among other species.

In our second study, we compared the effect of imazapyr,
triclopyr, and glyphosate on tree-of-heaven using stem injec-
tion, stump injection, cut stump, and basal bark treatments.
As was the case with the University of California, Davis, site,
mechanical cutting gave very poor control with =86% of the
stumps producing new sprouts (Table 3). By 2003, 22 months
after cutting, stumps averaged 6.0 new sprouts with a mean
height of 2.4 m (7.9 ft).

Although it is widely believed that herbicide should be
applied to the stump immediately after cutting (Tjosvold and
McHenry 1986), our results indicate that a delay between
cutting and herbicide treatment in both the cut stump and the
stump injection techniques did not significantly affect the
percentage of trees with sprouts (Figure 1) or the vigor of the
new sprouts (Figure 2). Applying the herbicide 1 hr after
cutting gave the same result as an application immediately
after cutting in the cut stump treatments. In the stump injec-
tion technique, applying the herbicide 1 week after cutting
also provided the same level of control as applying the stem
injection immediately after cutting. Based on these results,
data for different timing intervals were combined for each
herbicide in the cut stump and stump injection treatments.

Using a cut stump technique, imazapyr and triclopyr both
provided excellent results. Although glyphosate results were
statistically better than the cut controls, they did not give
adequate tree-of-heaven control. By 2003, =41% of the
glyphosate-treated trees resprouted and the resprouts were a
similar height (2.5 m [8.3 ft]) as the untreated trees (2.4 m
[7.9 ft]). Triclopyr produced slower results but was equal to

Table 3. Results for cut-tree treatments in 2001 tree-of-heaven trial?.

Means for sprouts”

Vigor mean over all trees”™  Percent of trees with sprouts®™ Vigor Number Height (m)

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003
Cut Glyphosate 2.5 b 410 335b 40.8 b 7.5 9.9 3.9 2.9 1.0 2.5
stump Imazapyr 0.0c 0.6 c 31c 9.8 ¢ 0.5 6.3 0.0 2.8 — 0.7
Triclopyr 1.0 be 05c¢ 21.0 be 6.7 c 4.3 7.5 1.8 1.5 0.4 0.6
Cut control 83 a 74 a 857 a 85.7 a 9.7 8.7 73 6.0 1.1 2.4
Stump Glyphosate 6.7 a 6.6 ab 85.7 a 929 a 8.0 7.1 55 4.2 0.8 1.7
injection  Imazapyr 0.9 b 15¢ 358 ¢ 32.1c¢ 2.1 4.0 6.1 6.3 0.2 0.7
Triclopyr 48 a 50b 60.7 b 62.5b 7.9 7.7 33 2.4 0.4 1.2
Cut control 83a 74 a 85.7 ab 85.7 ab 9.7 8.7 7.3 6.0 1.1 24

“All evaluations made in August 2002 and 2003. Values are means over all application timings. Within each treatment group, values followed by the same letter
are not different at « = 0.05. Cut control values were used for separate comparisons with cut stump and stump injection treatments.

YVigor is a visual evaluation scale where 0 = dead, 10 = healthy.

*Differences determined by analysis of variance and Student-Newman-Keuls test.

“Differences determined by logistic regression.
YOnly for trees with resprouting.
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Figure 1. Effect of herbicide timing intervals for cut stump
and stump injection techniques on the percent of trees
with sprouts. There were no significant differences (« =
0.05) for any of the timings within each herbicide treat-
ment.

that of imazapyr by the second season after treatment. In
2003, sprouting occurred on only 6.7% and 9.8% of stumps
treated with triclopyr and imazapyr, respectively, and vigor
was significantly lower than sprouts on untreated and glypho-
sate-treated stumps. In those stumps that did produce sprouts
after imazapyr or triclopyr treatment, the number of sprouts
averaged between 1.5 and 2.8 and the sprout vigor rat-
ing showed that they were fairly healthy in the second
season after treatment. This indicates that plants that do re-
sprout are likely to recover over time and would require re-
treatment by either a foliar herbicide application or a basal
bark treatment.

Other reports on tree-of-heaven control with cut stump
treatments have shown mixed results. Kitz (1997) noted that
land managers had difficulty controlling tree-of-heaven with
cut stump treatments using glyphosate and triclopyr. In
contrast, Butler and Britting (1998) reported effective con-
trol with few resprouts after cut stump treatments with
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Figure 2. Effect of herbicide timing intervals for cut stump
and stump injection techniques on the vigor of resprouts.
There were no significant differences (« = 0.05) for any of
the timings within each herbicide treatment.

either glyphosate or triclopyr. However, neither of these stud-
ies provided quantitative data for control, efficacy, or evalu-
ation.

We also examined the impact of mechanical cutting fol-
lowed by stem injection treatment of the standing stump. By
combining aspects of cut stump with stem injection treat-
ments, we hoped to provide a method that could extend the
application window after cutting. This would be advanta-
geous in situations in which cutting and treatment operations
are performed by separate teams. However, no herbicides
provided adequate control of tree-of-heaven with this tech-
nique. Although imazapyr was statistically the best of the
three herbicides tested, nearly 36% of the treated stumps
resprouted the next season, and this value was similar in the
second season after treatment (Table 3). The success of con-
ventional stem injection treatments may depend on the vas-
cular system remaining intact and distributing herbicide more
effectively throughout the tree.

Tree-of-heaven treated by either stem injection or basal
bark were left intact for the 2 year duration of this study.
Herbicide-treated plants were compared with uncut control
plants. Although the control plants did not receive a treat-
ment, a few died spontaneously both in the first season (2002)
and second season (2003) of the study (Table 4). Triclopyr
did not provide effective control with a stem injection treat-
ment. The level of canopy reduction and vigor with a tri-
clopyr treatment was not statistically different from the uncut
control plants in the second season after treatment. By com-
parison, both glyphosate and imazapyr gave good to excellent
control with imazapyr proving to be the best treatment. In the
second season after treatment, imazapyr resulted in 100%
tree-of-heaven mortality, whereas glyphosate provided =92%
canopy reduction and a vigor rating of 1.5.

Stem injection gives land managers a number of advan-
tages in riparian areas. For example, the treatment requires
minimal equipment, applicators can treat large areas quickly,
little herbicide is used, drift potential is very low, and some
dead standing trees can be left for bird habitat. In addition,
crews can remove the dead trees during the off-season after
the leaves have senesced, when removal operations are not be
encumbered by the additional weight and litter of the attached
leaves.

Basal bark treatments with 20% v/v of either triclopyr or
imazapyr also resulted in excellent control of tree-of-heaven.
By the second season after treatment, imazapyr completely
killed all treated trees, regardless of the stem size (Table 4).
Triclopyr also gave complete control of larger trees, but even
smaller trees that were not killed showed very low levels of
canopy vigor (<2.0).

Burch and Zedaker (2003) also tested basal bark treatments
for tree-of-heaven control. They likewise demonstrated
100% control with the same rate of triclopyr (Garlon 4), and
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Table 4. Results for standing-tree treatments in 2001 tree-of-heaven trial®.
Canopy Percent reduction Canopy vigor”
Treatment method Herbicide Tree size 2002 2003 2002 2003
Stem injection Glyphosate — 82.3 ab 91.7 a 23b 15b
Imazapyr — 99.9 ab 100.0 a 0.1b 00b
Triclopyr — 66.7 b 314b 6.2 a 6.7 a
Basal bark Imazapyr <4 cm dia 100.0 a 100.0 a 0.0b 0.0b
>4 cm dia 99.8 ab 100.0 a 0.1b 0.0b
Triclopyr <4 cm dia 90.0 ab 86.7 a 1.3b 1.7b
>4 cm dia 100.0 a 100.0 a 00b 0.0b
Uncut control — 125 ¢ 27.1b 8.8a 7.6 a

“All canopy percent reduction and vigor measurements made in August of 2002 and 2003. Within each treatment group, values followed by different letters are

different at « = 5% (analysis of variance, Student-Newman-Keuls test).

YVigor determined by visual evaluation on scale of 0 = dead and 10 = healthy.

they reported that 9% v/v Stalker (imazapyr) gave 100% mor-
tality 1 year after treatment. However, their evaluation 2
years after treatment showed that combinations of triclopyr
and picloram resulted in the best aboveground control and
also prevented resprouting by eliminating the existing root
system. As previously discussed, picloram is not registered
for use in California nor is it registered for use around ripar-
ian areas in any state.

Kelly (2001) also achieved mortality of greater than 98%
in tree-of-heaven with a basal bark treatment of 25% v/v
Garlon 4 in oil.

Although both triclopyr and imazapyr showed similar re-
sults with basal bark applications, imazapyr has a much
longer soil residual activity (field half-life of 25 to 142 days)
compared with triclopyr (field half life of 10 to 46 days)
(Vencill 2002). In addition, imazapyr is a broader-spectrum
herbicide compared with the broadleaf selective herbicide
triclopyr. Consequently, either because of overspray or be-
cause of herbicide washing off the trunk, trees treated with
imazapyr often developed a “dead zone” of approximately 1
m (3.3 ft) diameter around the base of the trunk. Thus, tri-
clopyr may be a less phytotoxic choice for basal bark appli-
cations.

Like stem injection, basal bark applications require mini-
mal equipment and are easily performed by one person. How-
ever, this technique requires more herbicide than other treat-
ments. Basal bark treatment of an average stem in this study
(diameter 9 cm [3.6 in]) required 12 mL (0.36 fl oz) of for-
mulated triclopyr or imazapyr compared with only 1 mL
(0.03 f1 0z) of herbicide product for either a cut stump or stem
injection treatment.

CONCLUSIONS
The control of tree-of-heaven can be difficult, particularly in
riparian areas. Mechanical cutting used alone is not a good
management tool and is likely to increase the infestation.

However, the results presented here demonstrate that herbi-
cide stem treatments can be effectively used for the control of
this invasive species. All stem treatment techniques are best
applied in late summer or fall, when carbohydrates are trans-
locating to the belowground tissues, including the root buds
(Tjosvold and McHenry 1986). An advantage to all of these
stem application methods is the low risk of off-site movement
through spray drift. However, it should be noted that under
very hot conditions, some vapor drift may be expected with
the ester formulations.

A cut stump technique would be most appropriate with
very large trees or clumps having a well-developed bark. The
bark of these plants would be difficult to penetrate with the
stem injection method and would not likely absorb herbicide
using a basal bark treatment. When crews are available to cut,
treat, and remove the stems over a short time period, a cut
stump treatment is a very efficient technique for tree-of-
heaven control. We have demonstrated that both triclopyr and
imazapyr are effective and both herbicides can be applied
within 1 hr of cutting without loss of efficacy. Imazapyr as
the water-soluble formulation Habitat is registered for use
near aquatic environments and can be an excellent choice in
riparian areas. In this study, we used the ester formulation of
triclopyr (Garlon 4), which is not registered for use near
water. However, the water-soluble formulation (Garlon 3A)
is registered near water and would be expected to provide a
similar level of control in a cut stump treatment.

The stem injection technique was also very effective for
the control of individual tree-of-heaven trees or clumps. Fi-
ther a water-soluble (Habitat) or emulsifiable concentrate
(Stalker) formulation was equally effective, but only Habitat
is registered near water. Glyphosate, which has formulations
registered for use near water, also provided good control but
was not as consistent as imazapyr. This technique can be an
advantage when tree removal is not necessary at the time of
treatment. It would allow crews to concentrate on treatments
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in the late summer or fall and conduct tree removal at least 4
months later during the winter or early spring. Another ad-
vantage of this technique is that less herbicide is used com-
pared with the basal bark method.

Like the stem injection method, basal bark treatments with
imazapyr and triclopyr can also be used in situations in which
immediate tree removal is not necessary. The technique is
most appropriate in sites where numerous smaller stems (<10
cm [<4 in] diameter) are present but is not recommended in
areas with large plants that have a thick bark. Like with the
stem injection method, basal bark treatments require minimal
equipment. Other studies have also shown triclopyr to be
effective in a basal bark application, and this is probably a
better choice when other desirable vegetation surrounds the
trees or small clumps. It is necessary to use the ester formu-
lation of triclopyr and the emulsifiable concentrate of imaza-
pyr to get effective control of tree-of-heaven with a basal bark
application. However, both of these formulations are not reg-
istered for use near water, so this technique is not appropriate
in areas directly adjacent to aquatic sites.

Although we did directly measure the effect of cut-stem
treatments on stump sprouting, we do not know what impact
these treatments have on sucker sprouting from spreading
roots. The effectiveness of these treatments on root sprouting
would depend on the ability of the herbicide to translocate
long distances. This may need to be considered in a follow-up
program to ensure that the infestation does not reestablish.
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Résumé. Trois herbicides ont été testés au moyen de quatre tech-
niques d’application pour contrdler a la fois les troncs uniques ainsi
que les massifs d’ailanthe glanduleux (Ailanthus altissima (Miller)
Swingle). L’ imazapyr, le triclopyr et le glyphosate ont été appliqués
au moyen des techniques d’injection dans la tige, d’injection dans la
souche et d’injection sur la surface de coupe. L’imazapyr et le
triclopyr ont aussi appliqués sous forme de traitement par la base sur
I’écorce. Les traitements ont été comparés par rapport a une coupe
manuelle et un groupe témoin sans intervention. Les tiges coupées
mais non traitées n’ont pas donné de résultat quant au contrdle de
I’ailanthe glanduleux. Le traitement par injection sur la surface de
coupe avec I’'imazapyr et le triclopyr (20% en v/v dans de I’huile) a
donné plus de 90% de diminution a la fois dans les taux de vigueur
et de rejets a partir des tiges uniques ou des talles de tiges. En
comparaison, les applications par injection dans la souche ont été
inefficaces avec tous les herbicides. Pour les traitements par injec-
tion dans la tige, I'imazapyr non dilué a donné les meilleurs résultats
(>95% de réduction du couvert végétal), mais le glyphosate a aussi
permis d’obtenir un excellent controle (92% de réduction du couvert
végétal). La coupe des tiges 4, 8 ou 12 mois apres le traitement n’a
pas eu d’impact sur le degré de contréle avec 1’imazapyr.
L’imazapyr a un taux de moitié par rapport au standard a aussi
donné un bon contrdle des talles arbustives. Les traitements par la
base sur I’écorce avec I’'imazapyr ou le triclopyr (20% en v/v dans
de I'huile) ont donné des résultats équivalents en produisant un

contrdle quasi complet. Le triclopyr est moins sélectif que
I’imazapyr qui offre de ce fait une meilleure option lorsque de la
végétation désirable entoure les tiges. Ces résultats donnent cer-
taines options effectives pour le contrdle de I’ailanthe glanduleux a
la fois sur les sites urbains et riverains.

Resumen. Se probaron tres herbicidas usando cuatro técnicas de
aplicacion al tronco para el control de drboles aislados y grupos de
arboles de Ailanthus altissima (Miller) Swingle. Fueron aplicados
Imazapyr, triclopyr, y glyphosate usando corte de tocones, inyeccién
al tocén y técnicas de inyeccion al tronco. Imazapyr y triclopyr
también fueron aplicados como tratamientos a la corteza basal. Los
tratamientos fueron comparados contra corta manual y controles no
tratados. Los tallos de cortes no tratados no dieron un control del
Ailanthus. El tratamiento de corta de tocones con imazapyr y tri-
clopyr (20% v/v en aceite) resulté en mds del 90% de reduccién en
tallos y en rebrotes, tant o en drboles solos como en grupo. En
contraste, las aplicaciones de inyeccién al tocén fueron inefectivas
con todos los herbicidas. Para los tratamientos de inyeccién al tallo,
imazapyr dié los mejores resultados (>95% de reduccién de copa),
pero glyphosate también dio excelente control (92% de reduccién de
copa). La remocién de los tallos 4, 8 o 12 meses después del trata-
miento no impacté el nivel de control con imazapic. Imazapic a la
mitad de la tasa estdndar también dio buen control de grupos multi-
tallos. Los tratamientos a la corteza basal con imazapyr o triclopyr
(20% v/v en aceite) dieron igualmente buenos resultados, propor-
cionando casi un completo control. Triclopyr es menos selectivo que
imazapyr y por tanto ofrece una mayor opcién cuando hay veg-
etacion alrededor de los tallos. Estos resultados proporcionan varias
opciones efectivas para el control del Ailanthus en sitios riparios y
urbanos.

Zusammenfassung. Es wurden drei Herbizide mit vier Applika-
tionstechniken fiir die Kontrolle von Einzelbdumen und Gruppen
von Ailanthus altissima. Imazapyr, Triclopyr und Glyphosat wurden
appliziert durch einen Stammschnitt, Stumpfinjektion und Stammin-
jektionstechniken. Imazapyr und Triclopyr wurden auch noch als
basale Rindenapplikation getestet. Die Behandlungen wurden ver-
glichen mit Riickschnitt und unbehandelten Kontrollen. Unbehan-
delte Stammriickschnitte fiihrten nicht zu einer Kontrolle von Ai-
lanthus. Eine Behandlung der Stumpen mit Imazapyr und Triclopyr
(20 % v/v in Ol) fiihrte zu 90 % Riickgang bei den vorhandenen und
nachgetriebenen Einzelbdumen und Gruppen. Im Kontrast waren die
Stumpeninjektionen bei allen Herbiziden ohne Erfolg. Fiir Stammin-
jektionen gab es die besten Ergebnisse (<90 % Kronenreduktion)
mit unverdiinntem Imazapyr, aber auch Glyphosat zeigte sich sehr
effektiv (92 % Reduktion). Eine Entfernung der Stamme 4, 8 oder
12 Monate nach der Behandlung hatte keinen Einfluss auf die Kon-
trolle durch Imazapic. Imazapic in der halben Standarddosierung
fiihrte auch zu einer guten Kontrolle von mehrstimmigen Ailanthus.
Die basale Rindenbehandlung mit Imazapyr oder Triclopyr (20 %
v/v in Ol) lieferte #hnlich gute Ergebnisse und fiihrte fast zu einer
kompletten Kontrolle. Triclopyr ist weniger selektiv als Imazapyr
und bietet daher bessere Moglichkeiten, wenn erwiinschte Vegeta-
tion die Stimme umgibt. Diese Ergebnisse liefern verschiedene ef-
fektive Moglichkeiten zur Kontrolle von Ailanthus im stddtischen
und ldndlichen Umfeld.
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