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By LindaHaugen and Mark Stennes

Introduction

In some Situations, injecting trees with fungicidesis an effective treatment for the management

of Dutch em disease (DED). Severd injection products are on the market, and various means of
application are recommended. Each product and method has pros and cons. The “best” product
depends on the individual tree— its current condition, the objectives of the treatment, and the
resources available. The purpose of this article isto bring the options and documentation

together into one package, S0 that you can make an informed decision on what you will
recommend for injection.

Basic principles of why and when injection works

To understland why and when injection works, you need to understand how the DED fungus gets
into and killsems. The fungus infects the vascular tissue of ms, causng the vessdsin the
active, outer rings of xylem to become clogged. The fungus gets into an uninfected em in one of
two ways. ether through roots grafted to diseased ms, or by elm bark beetlesfeeding in the
branches or upper crown of thetree.  When an em becomes infected through root grafts, the
fungus can spread very rapidly and extensively throughout the tree' s vascular transport system.
Injection of currently available fungicides is not effective in protecting trees from root graft
infection, or in thergpeuticaly treeting trees that have become infected through root grafts.
Injection can be effective in preventing or treating infection caused by bark beetle inoculation.

When abark beetle that is contaminated with DED fungus spores feeds on a hedthy em, severa
factors determine whether the tree will become infected by the fungus, or if infected, die. These
factors include the inoculum load and point of introduction (this can vary by beetle species), the
aggressveness of the pathogen (at least three species of Ophiostoma cause DED, and they differ
in aggressiveness), the physiology of the tree (vitdity, vessd structure, etc.), the suitability of the
environment for funga growth (temperature, moisture, chemigtry, etc.), and the ability of the tree
to compartmentaize the infection (may differ by em species or cultivar, hedth of the tree, etc.).
Injection of fungicide into trees can be effective by either making the infection court unsuitable,
or by stopping fungd growth within thetree. The former isthe basis of preventive fungicide
injection; the latter is the basis of thergpeutic injection. Kondo (1978a), Campana (1977) and
Stipes (1988) addressed some of the many factors that limit the effectiveness of fungicide
injection.

To be effective in preventing infection, afungicide mugt inhibit or kill the DED fungus, ad it
must be present in adequate concentration at al potential points of infection. Even when injected
a fairly high dosage, the quantity of chemica present at the points of potentia introduction of
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the DED fungusis quite low (Elliston and Waton, 1979). The chemical, dosage and means of
gpplication are critica to success.

For therapeutic trestment, the fungicide must be applied before the fungus has caused extensve
damage to the vascular system of the tree, S0 early detection and timely trestment are critica to
success. Sherald and Gregory (1980) and Lanier (1988), among many others, specificaly
addressed therapeutic injection.

Chemicalsfor DED control have been researched since the 1940’ s (Zentmeyer et d., 1946,
Dimond et d., 1949). There are extensve bodies of literature on the subject, including major
portions of symposia proceedings (Kielbaso, 1978; Kondo et al., 1981; Miller, 1991). We will
get more into specific chemicas and modes of action later inthis article.

A bit more about methods of injection

There are two common ways of injecting the available fungicides into the vascular system of
ems. Microinjection is forceful injection of alow volume of concentrated chemica into holes
drilled into the stem or base of the tree. Macroinjection isthe injection (under pressure) or
infuson (without pressure) of large volumes of dilute chemical solutionsinto holes drilled in the
stem or base of the tree (Stipes et d., 1999[in press]).

Kondo (1978b) refined the macroinjection system for injection into the excavated root flare of
trees. He found that if the root flare was excavated the circumference of the ssem was greater
and more injection holes could be well-spaced around the stem, resulting in better chemica
digribution in the crown of the tree. He also observed that the wood tissue in this stem-root
trangtiona area seemed functiondly different from stem tissue, and drill woundsin thisarea
closed more rapidly with less wetwood problems than wounds higher on the sem. The holes are
drilled with a 7/32 to Y4 inch drill bit, and plastic tees are inserted into the holes. Theteesare dll
connected by tubing to a pressurized container (10-20 p.si.) of the fungicide solution. The
amount of chemica and volume of solution to inject are based upon the diameter of thetree. In
smd| diameter trees, thereis proportionatdly less vascular tissue in the tree per unit of diameter,
S0 care must be taken not to overdose smdll trees. This method has been demonsirated to
thoroughly digtribute chemical in the crown (Stennes and French, 1987). However, there are
some drawbacks to macroinjection: injection wounds, if repeatedly inflicted, may eventualy
result in sgnificant discoloration and decay (Shigo and Campana, 1977). The chemicas may
aso damage the cambium around the injection Ste. The chemicas may dso causefoliar
phytotoxity, especidly on smaller diameter trees.

Microinjection for DED trestment is accomplished with pre-packaged canisters of chemical.
Generdly, the tips of the injection canisters are placed into holes drilled into the trunk or root
flare of the tree and then are pressurized by the squeezing of abuilt-in plunger. The products are
sdf-contained and require no extra water, which provides an advantage of convenience. Our
literature search did not reved any documentation that microinjection provides adequate
digtribution and effective concentrations of the chemica to consistently prevent or arrest DED
infections. Microinjection has the same disadvantages as macroinjection in regards to
phytotoxicity and injection wounds.
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Thereis an art and a science to properly injecting chemicas. The procedure should be done by a
certified arborist or skilled tree care specidist who has been specificdly trained in the procedure.

Currently available chemicals

Six chemicals (in various formulations) are currently registered in the USA for injection to

manage DED: three benzimidazole compounds (carbendazim phosphate, thiabendazole
hypophosphite, and Debacarb), two triazole compounds (propiconazole and tebuconazole), and a
patented formulation of copper sulphate pentahydrate. Another benzimidizole product, with
carbendazim hydrochloride, is currently pending registration.

Asagroup, benzimidazoles are systemic and are active a low concentrations. Benzimidazole
compounds affect funga growth by interfering with mitotic cell divison (Campana, 1977; Stipes
Personal Communicetion). Inlow concentrations, benzimidazoles are fungigtatic (prevent
growth, but don't outright kill) toward the DED fungus (Grieg, 1986; Janatulo and Stipes, 1976).
At higher concentrations, they are fungicidd (kill the fungus) (Janatulo and Stipes, 1976). Thelr
acid sats are water soluble, and thus can be adapted for usein injection systems. The
benzimidazole sdts vary in their effectiveness againgt the DED fungus (Schreiber and Gregory,
1981) and in their chemica behavior in the tree. The effectiveness of these compounds depends
on how well they digtribute in the crown, the rate at which the chemical is gpplied (and thus
concentration in the plant tissues), and how well they persst in thetree. Four different
formulations of benzimidazoles are (or soon will be) avallable for DED management.

Carbendazim is a breakdown product of benomyl, whichisinsolublein water. Acid sdts of
carbendazim are water soluble, and many have been tested for usefulnessin DED injection; two
have been avallable as commercid products. Carbendazim hydrochloride (origindly avaladle as
Lignasaf) and carbendazim phosphate (origindlly available as Lignasan BLP? ) were both
shown to be effective againg the DED fungus without high phytotoxicity to em plant tissue
(Kondo et d., 1973; Smdlley et d., 1973; Gibbs and Dickinson, 1975; Schreiber et d., 1978;
Schreiber and Gregory, 1981; and others). Carbendazim phosphate readily moves throughout the
tree in the trangpiration stream, but unfortunately does not move into new wood asiit is produced,
even when gpplied a high dosage rates, o preventive trestments using this chemica must be
gpplied annudly (Stennes and French, 1987; Nishijimaand Smalley, 1978). Clifford et dl.
(1977) found little difference in persistence between carbendazim phosphate and carbendazim
hydrochloride; both compounds declined rapidly between 2-3 months after injection.

Carbendazim phosphate is no longer available as Lignasan BLP?, but can be acquired as EIm
Fungicide® . Proper root-flare injection at rates ranging from 0.98 to 3.2 g of carbendazim
phosphate per cm of tree DBH resultsin levels of carbendazim in the twigs during the season of
injection a levels inhibitory to the DED fungus (Nishijimaand Smdley, 1978; Ellison and
Walton, 1979; Stennes and French, 1987). The current label rate for Elm Fungicide® is0.16 to
0.35 g carbendazim phosphate per cm tree DBH, which isfar below the documented effective
rate.

The origind carbendazim hydrochloride formulation (Lignasarf') has not been commerciadly
available in the USA for many years, but anew product caled Eertavas® is pending registration.
This product contains 4.7% carbendazim hydrochloride, which isamuch higher concentration of
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carbendazim than the currently available carbendazim phosphate product. At the time of this
writing, we have no information on the label dosage rate for Eertavas™ .

Thiabendazole hypophosphite (available as Arbotect 20S* ) has a'so been shown to be effective
againgt the DED fungus (Stennes and French, 1987; Greig, 1986). When injected &t 5.6 g active
ingredient per cm tree DBH, thiabendazole continues to gppear in new wood in concentrations
high enough to be detected by bioassay through three growing seasons (Stennes and French
1987). Protection of mature trees from artificid inoculation with the DED pathogen has been
shown to last for two seasons in northern climates (Stennes, 1981). 1t isworth noting that in
southern climates, with longer growing seasons, the effective period of the chemica may be
shorter (Bruce Fraedrich, Persond Communication). Many arborists have successfully used the
highest |abel dosage of Arbortect 20S* on a 2-3 year rotation to protect high value ems from
DED for 15 years. Thigbendazole aso has demongtrated effectiveness for therapeutic injection
(Lanier, 1988; Stennes, 1999 [In press]). Unfortunately, however, the injection solution can be
very damaging to the cambium as well as to parenchyma cellsin a column of wood surrounding
the injection dte (Lanier, 1987; Andrews, Blanchette and French, 1982). Foliar phytotoxicity
has a so been reported (Lanier, 1987).

Debacarb is another benzimidazole fungicide avallable for injection. Itisavailablein
combination with carbendazim in microinjection canisters, as Fungisol® . The label does not
indicate whether the carbendazim is formulated as carbendazim hydrochloride, carbendazim
phosphate or adifferent salt. Lanier (1987) reported that Fungisol® did not significantly prevent
infection of artificidly inoculated branches, but that there did appear to be some effect on
symptom progression within thetree. Lanier (1987) aso tested this product as a therapeutic
trestment and was not able to demonsirate effectiveness. Our literature search revedled no
published documentation of the distribution or concentration of the active ingredientsin elms
trees treated with Fungisol® . The current label rate for this fungicide is approximately 0.016 g
activeingredient per cm tree DBH. A study on carbendazim sdts in other formulations
determined that the minimum gpplication level at which carbendazim phosphate could be
detected in em shoots by bioassay is 0.98 g active ingredient per cm tree DBH (Stennes and
French, 1987). Elliston and Wdton (1979) found that carbendazim applied at low levels (0.16 g
active ingredient per cm tree DBH) resulted in low or undetectable recovery of the chemicd in
twigs. The documented effective dosage rate for carbendazim is 60 times higher than the
current label rate for Fungisol® , which brings the efficacy of this product into question.

The triazole fungicide propiconazole is effective in management of oak wilt disease (Appe and
Kurdyla, 1992), and it is dso labeled for management of DED. It isahighly systemic sterol
inhibitor that prevents fungd growth by interfering with cdll wall formation. The commercidly
available formulation of propiconazole (Alamo® ) is microencapsulated to make it solublein any
clean water near neutral pH.  Stipes (1994; 1999[in press]) has demonstrated propiconazole to
be effective in preventing DED infection following chalenge inoculations by the DED fungus.
The rates of propiconazole used in Stipes (1999[in press]) studies number 6, 9, 10, and 11
varied from 1.1 to 3.6 grams of active ingredient per cm tree DBH. The current highest |abel
rate for Alamo® is equivaent to 1.1 gram active ingredient per cm of tree DBH. Propiconazole
at the highest labd rate may provide protection for multiple seasons, as two mature emswhich
were chalenge inoculated multiple times at multiple points were protected againgt DED
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infection for an equivaent length of time as trees treated with thiabendazole hypophosphite
(Stennes, unpublished data). However, according to recent findings by Stipes (1999[in press]),
resdud activity of propiconazole is consgderably shorter than that of thiabendazole
hypophosphite.  Thergpeutic trestment of 24 mature symptomatic American e msin 1996 and
1997 with the highest label rate of Alamo® resulted in 79% survival by the end of the 1998
growing season, SO propiconazole has demonstrated therapeutic vaue (Stennes, 1999 [in press)).
Foliar toxicity of propiconazole islow, even at rates of up to 3.8 grams per cm tree DBH (Stipes,
1999[in press]), though severe phytotoxicity may occur with high dosage rates on smal diameter
trees when trested early in the growing season (Bruce Fraedrich, persona communication).
Propiconazole does not require high dilution rates with water so treatment is consderably faster
than with thiabendazole hypophosphite, and there islesstissue injury at the injection site
(Stennes, 1999 [in press]).

Another triazole fungicide, tebuconazole, has very recently been registered for use against DED.
Mauget's Tebuject® isamicroinjection product containing this fungicide. There are no published
research data on the use of tebuconazole to manage DED.

The activity of copper sulphate pentahydrate (available as Phyton 27°) is based on the fungicidal
effect of metallic copper. Knutson (1991) reported a 22% higher level of copper in the leaves of
aPhyton 27° treasted elm compared to leaves of untreated ems at 15 months after treatment. The
distributors of Phyton 272 claim protective effect against DED for at least 36 months, but there
are no published data on this trestment. Leaf abscission is common following Phyton 27¢
injection, but is usudly followed by refoliation. Lanier (1987) reported severe vascular tissue
discoloration and damage a Phyton 27* injection Sites and only seemingly margind fungicidal
effect within the tree.

An injected non-fungicide protective treatment has recently been developed. It is asugpension of
live spores of the fungus Verticillium dahliae, which isinjected into the tree with a specidly
developed “gouge pistol” (Elgersmaet d., 1993; Sutherland et d., 1995; Unidentified, 1998).
Treatment reportedly protects against new infections by the DED fungus during the year of
treatment by inducing resistance in the tree. This product, marketed as Dutch Trigf, is currently
availablein U.S. under test exemption and is being tested primarily by Bartleit Tree Research
Laboratories. The product was developed by ARCADIS Heidemij in the Netherlands and is
digtributed in the U.S. by Innovative Tree ServicesL. L. C., Tampa, FL.

There are pros and cons to this new “Dutch Trig?” trestment. The injection holes are small and
sed quickly. The gpplication procedureisrelatively rapid; A 75 cm DBH tree can be treated in
goproximately 10 minutes. Single trestment cost may be consderably |ess than fungicide (price
in USisdill to befindized), but the trestment must be performed every year. Early results of
tests on American em in the U.S. have shown a protective, but not thergpeutic effect. Another
potentia drawback isthat the fungus Verticillium dahliae is a plant pathogen, and the isolate
used in this product is of European origin. Thisisolate cannot be recovered from trees one
season after inoculation. APHIS did consider therisk of introducing an exotic strain of a plant
pathogen prior to dlowing experimental use of this product in the U.S. We dso do not yet know
the cumulative effect of annua trestments on the hedlth of the tree: trestment causes
discoloration of the annua ring, o gpparently the physiology of the host tree is affected.



PDQ 1999 20(2) 34

"159nba. Hgqa wo sed "ibuiannde (erIpAyeruad
uodneep apinoid |[im eanoenue \ el | B+£°0 = HEA Youl/jw 0y BI0N areyd|ns Jeddod 9%49€T2)
D141IUBITS JUBPUBTBPU UT PRIUBLUINIOP Jou S| d3a (Sessep JepURIp JO BRI NI Bulp3 Jo au| arIpAyeied
1912 10 WeAaId 0] [eaIWBYD SIY) JO SSSUBANDSLT Uo paseq S1 ekl enide) erpurip ‘spoifiojoig ABojouyos | 801n0S Aq arIpAyeiad arydins
“Jaddoo 91w uo peseq AAnde epibuny Joyoui sed Jw O xouddy /.2 UoMAUd arydns jsddod Jaddod
[oueye-T-3102e -2 T
-HT-(Aye|AyBWIp
ssaud Joawn (umousjun s 1pa.BU1 BANIIE 0/) -T'T)eyde
1B SSOUBAI129J0 J0 aiesop Lo 3|0e| e Lo FeLLLIoJU VO “ueqging ‘AuedwoD BOMe N T -[IAyle-(jAusydoiolyo
ON ‘apnifunyajozel) -1npoid mau puelg umoudun siopeluioniw e inge | -y)-zleyde | 8jozeuoonge L
Haqa wo sed “ibulannoe
el oywes | B ETT = HAQ youl/|w 0Z BI0N
U1 pajusLwUINoop usaq sey snbuny 3Q 8y} sukebe (onnedeseu
SSOUBAINDB S d1INBdeey) pue sAUBASI]  “MO| SI pue annusraid) HGQ youl sod (e10zeuooidoud ajozen
anssn Wi ul eaiuBYo Jo souessed ybnoy) ‘sl pae| lw oz ‘(eAnuensid) HEQ You! pomRNsteoUe %1 T) V2 T-HT-[IAyBwW([IA
159UB 1Y e UoSeas auo Uey] 2J0W 10} dANIS e aq Ae |\ Jad Jw OT 019 :uonuioize N ON ‘0J00SusRID -Z-Uejoxolp-g‘17-jAdoid
"AIx0101Ayd Mo "uonaefuioidew Joj pinbi| se pue ‘HgQa youi »d “dioD sienoN -p-(JAuaydolo|yoip
sioye(uloiW Yiog Ul a(ge|leAY BpIBuNyaj0ZelL | HUN W QT 8UQ :UopBIuoDIN Oue|y '2)¢ll-T | alozeuooidold
'SEIIWBYD (IS J0jaAe e uanoid Hga wo sed "ibuiannie 6 (wizepusg.ed
S9RI MOPR( feyale sorl afesop jpce] swoldwiAs | 9T0'0 = HEA Youl/|W 0°Z BION %€°0 pue greseded %/, 'T)
J0 uossalboid Jo annuans.d 10} SSBUBANIB YD v Yuequng ‘AuedwioD e6re N arweqed
3LUCS a0 ipul erep paustignd pariwi| A A sJopeluion d|0zipiwizuag-Z 1AYP (og3aa)
'sspioifuny a(0zepiwizusq ae siuepaibul sAlde yiog BpuRIp Jo yout ed W o'Z l0SIW| pUe ‘g [0Seqy * [0SIBUN (AxoypAxoua-z)-2 qredeed
‘2INRJB)I| D1JNUBITS U1 PSIUBLLINIOP HaQ wo kd “1buiannde
snfuny g3@ suebe sssuBANIBYe dlnede.By) pue 6 17°8 = HEQA You1/zo ZT BION
aANUBMASId Blel jpae| 1saybiy e (YUON ur) suosess (®l0ZepuegeIy | %402) ayydsoydodAy | (COd®H-z4L)
€ 01 dn 10} A9} "'UMOJID Ul pUe 31s uonaelul Jepurip Jo youl "ON ‘oJogsusain) ““dioD sneroN aj0zeplwizusq | auydsoydodAy
e AInixoioiAyd asned Aey  apioibunyajozepiwizueg jod (JwgL) zogrs! prlifg, £S-0¢ 1991004V (IKjozeyv)-2 | oj0zepueceiyL
(8PLIO|UYI0IPAY WiiZepuaded %, 1) apuojyoopAy
epeue) ‘eqolue N ‘Badiuuim SRWeqED (IoH -0g )
‘oues s.ad 90INJSS 991 Seuker IS aj0zepiwizueg | SpLIOYd0IpAH
moT Alxolo1Ayd mo sppifunyajozepiwizuag ‘umouy| B4 10N gSenerss Z-1AyBIN wizepuegeD
‘BOe| 1UB.LIND Uey) Hgq wo sed “1burannde 6 (ereydsoyd wizepusaed %/°0)
BybIy ae.e Je Ing ‘SInkeLe}| IILBIOS Ul pRjUBWLNIoP GE'0 = HEA Yyoul/|w 92T BIoN HN
snbunj g3q sukefe ssausAneyg “A|enuue paidde B||IAslleH BINisuU| Ydsesssy w3 akydsoyd areweqeo (fod -0an)
80 SNW SJUBLUIES.} ‘POOM PaLLLIO} A|meu Ul ssked Jou BRWep Jo (d719 veseubi Apswioy) 9|0Zepiwizusq areydsoyd
s20q “ApIxo101Ayd mo ‘epibunyajozepiwizueg youl jod Jw 9zT Aprwixoiddy Spnibung wg -Z-IAyBIN wizepusgre)
(uonenuwioy ul weips.bul
1onpoJd [10JeWwwWod J0} A1} 0 pUe 32INCS ‘Sleu apel | ) aureu
(uossnasip [N} 10} 1X81 88S) SIUBLUIWIOD aley afieso [pae 1 ua1inD s1onpoud [eloewwo) aweu [eo1wayd uowwo)

‘3@ abeuew 01 uoNB (Ul JoJ 3[R | AR SR IWBYD JO Uos Liedwod Alewwns v T a|qe.l




PDQ 1999 20(2) 35

Fitting it all together into a management strategy

Injection is only one part of an overal management strategy for Dutch elm disease, but it does
provide some options for protecting or saving high vaue individua trees. The recent USDA
Forest Service publication “How to |dentify and Manage Dutch em Diseass” (Haugen, 1998)
provides information on how various management activities can be used to interrupt the DED
disease cycle. A copy of this publication is enclosed with thisissue of PDQ. It isdso avalable
on the WWW at http://willow.ncfesumn.edwht_ded/ht_ded.htm

Injection is only for high value trees. With the exception of DDT spraysto prevent smaller
European em bark beetle feeding, dl of the available evidence indicates that every historicdly
successful Dutch elm disease management program has depended amost exclusvely on
sanitation to reduce bark beetle populations and the available inoculum of the DED fungus.

Even with injection of sdlected trees, no program will succeed without the sanitation necessary to
minimize disease pressure. Conversdly, individua owners of high value dms may not be adle to
rely on sanitation alone for protection if their city does not enforce mandatory remova of
diseased landscape or wild ems. Subsequently, where stringent sanitation practices cannot be
followed, fungicide trestments play an important role.

Thergpeutic treetment is only an option for early stages of infection, but it is a potentidly
powerful tool when added to successful sanitation programs that pivot around thorough
ingpections and prompt removals. It is not aways effective, but a success rate as low as 50%
may be more than enough to judtify the cost of the effort. The cost of tree removad ishigh, and
the value of large stately emsis even greeter.

There arerisksto tree hedth in injecting trees. A long-term preventive injection program may
cause sgnificant sem damage to avauable m. Consider whether early detection (and thus
opportunity for thergpeutic treestment) islikely for ahigh vdue em. Consder whether bark
beetle and DED fungd populations are high in the surrounding area. Aswith any resource
management decision, it isimportant to weigh the risks againgt the benefits.
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