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El ms were once consi dered the perf ect  urban t ree because of  thei r  
beauty, f ast  growth, durabi l i ty and versat i l i ty.  The peri l s of  over 
pl ant i ng and preval ence of  shared root  systems caused the el ms to be 
ef f i ci ent l y devastated when Dutch el m di sease arr i ved to many 
A meri can ci t i es. Dutch el m di sease i s caused by a f ungus that  af f ects 
the act i vel y growi ng vascul ar t i ssue of  el m trees. The f ungus i s spread 
predomi nant l y by an el m bark beet l e, dur i ng i ts f eedi ng i n the upper 
canopy, but  i t  can al so be spread by shared root  systems of  t rees, or 
root  graf ts.  
 
The f ungus that  causes Dutch el m di sease creates a react i on i n the 
vascul ar system of  an el m that  prevents water and nut r i ent  movement 
i nto the crown.  Thi s produces a typi cal  “ wi l ted”  appearance.  Evi dence 
of  an i nf ect i on can al so be f ound by removi ng the bark of  a l i mb to 
check f or browni sh stai ni ng.  Of ten you wi l l  see a progressi on of  
wi l t i ng f rom branch t i ps down a l i mb, thi s pat tern i ndi cates that  the 
f ungus was i ntroduced by a beet l e, and i s ref erred to as an overl and 
DED i nf ect i on. A  progressi on of  wi l t i ng down a l i mb hel ps 
di f f erent i ate a DED i nf ect i on f rom natural  mortal i ty or storm damage.  
I f  a t ree takes on a more uni f orm wi l ted appearance, thi s i s a cl ue that  
the i nf ect i on l i kel y came through a root  graf t .  I dent i f yi ng Dutch el m 
di sease can be more compl i cated by the f act  that  occasi onal l y an 
i nf ect i on wi l l  not  become symptomat i c as the t ree struggl es to contai n 
the f ungus.     
 
A s Dutch el m di sease made i t ’ s way through the M i dwest, the Twi n 
Ci t i es were abl e to l earn f rom the experi ences of  other areas that  had 
previ ousl y deal t  wi th the di sease.  Davi d French, a pl ant  pathol ogi st  at  
the Uni versi ty of  M i nnesota, was very i nstrumental  i n soundi ng the 
al arm as DED approached.  Hi s work centered on best  management 
pract i ces f or DED on a muni ci pal  l evel , as wel l  as the unenvi abl e task 
of  at tempt i ng to procure f undi ng through l egi sl ature.  French stated 
that , “ the si mpl e answer to the control  of  Dutch el m di sease i s 
sani tat i on.”   Thi s entai l s the i dent i f i cat i on of  di seased t rees through 
mul t i pl e annual  i nspect i ons, and the prompt removal  of  di seased t rees 
to reduce or el i mi nate the r i sk of  root  graf t  i nf ect i ons to nei ghbori ng 
el ms, no smal l  task on a massi ve urban scal e.  Good sani tat i on str i ves 



to el i mi nate el m bark beet l e breedi ng grounds l eavi ng f ewer beet l es to  
carry f ungal  spores.    
 
The ef f ect i veness of  the management program carr i ed out  i n many Twi n 
Ci t i es muni ci pal i t i es i s proven by an el m popul at i on that  remai ns 
substant i al , nearl y 55,000 remai n i n M i nneapol i s al one.  A t  i ts peak i n 
1977 DED cl ai med 32,000 t rees or roughl y 15% of  the el m popul at i on 
i n M i nneapol i s al one.  For nearl y twenty years l oss rates hovered 
around 3%.  Why then di d mortal i ty i ncrease i n 2002 and cont i nue to 
cl i mb to nearl y 15% i n 2004 af ter years of  bei ng hel d i n check?  There 
are several  l i kel y cul pr i ts to the resurgence of   Dutch el m di sease i n the 
Twi n Ci t i es.  The most wi del y accepted i s a decrease i n v i gi l ance i n 
sani tat i on programs.  Thi s i s by no means an i ndi ctment of  these 
programs, yet  more a demonstrat i on of  the di f f i cul t y i n managi ng f or 
thi s di sease.  Wi th a smal l er popul at i on of  el ms, the di sease i s l ess 
v i si bl e, even i f  mortal i ty cl i mbs, so there i s a decrease i n publ i c 
awareness.  The preval ence of  other exot i c i nsects and pathogens on the 
hor i zon, such as Sudden Oak Death, Gypsy M oth, and Emeral d ash 
borer to name a f ew, make i t  more di f f i cul t  to obtai n f undi ng f or a 
program that  has been consi dered successf ul  f or so l ong.   
 
Other theori es f or the resurgence center  around the cl i mate, or the 
pathogen and i ts vector.  M i l der wi nters have prevai l ed i n the area over 
the l ast  f i ve years, whi ch coul d al l ow more beet l es to over  wi nter 
successf ul l y.   There are at  l east  two speci es of  f ungi  that  are proven to 
cause DED i n M i nnesota, so another more aggressi ve strai n of  f ungus 
coul d be another cause.  A  di f f erent  vector, that  coul d possi bl y be more 
ef f i ci ent  at  t ransmi t t i ng the di sease coul d be to bl ame as wel l .     
 
 
ONE COM PA NI ES PROGRA M  
 
A l though muni ci pal  programs control l ed Dutch el m di sease f ai r l y wel l  
af ter the i ni t i al  outbreak, some homeowners wi th part i cul ar l y l arge or 
val uabl e t rees began to search f or addi t i onal  protect i on f rom the 
di sease.  M acro- i nj ect i ons usi ng systemi c f ungi ci des showed promi se i n 
protect i ng an el m f rom overl and DED i nf ect i ons, but  are not  
economi cal l y f easi bl e on a l arge muni ci pal  scal e.  So Top Notch 
Treecare began usi ng a propi conazol e based product  cal l ed A l amo, the 
brand name, i n 1995 to protect  i ts cl i ents el ms. The l abel  rate at  that  
t i me was 10 ml  per di ameter i nch.  One year l ater the dosage rate was 
i ncreased to 20 ml  per i nch. The goal  of  a prevent i ve i nj ect i on i s to get  



the proper amount of  f ungi ci de i nto the t ree, get t i ng even di str i but i on 
throughout the canopy, whi l e doi ng the l east  amount of  i nj ury possi bl e. 
A l l  three of  these components are cr i t i cal  to the l ong term success of  
the i nj ect i on as wel l  as the abi l i ty to repeatedl y admi ni ster the 
t reatment. Fungi ci de i nj ect i ons can be done therapeut i cal l y wi th some 
success but  thi s art i cl e ref ers onl y to i nj ect i ons perf ormed on t rees not  
i nf ected by DED.  Prevent i vel y we warranty an el m i nj ect i on f or three 
growi ng seasons agai nst  over l and DED i nf ect i on. No known f ungi ci de 
of f ers protect i on f rom a root  graf t  DED i nf ect i on. The f i rst  year of  
i nj ect i on does count as a season so i n essence the warranty covers 
about 2½ years. 
 
Throughout our f i rst  el even years of  protect i ng el ms, we have 
perf ormed over 3,100 prevent i ve i nj ect i ons and honed our program. 
There are f our key components:  
 
1) Trai ni ng of  the appl i cators and sal es staf f   
2) Chemi cal  sel ect i on  
3) M ethod of  appl i cat i on 
4) Fol l ow up and moni tor i ng  
 
TRA I NI NG 
 
Fi el d appl i cat i ons of  chemi cal s i s of ten handl ed by the newest 
empl oyees i n arbor i cul ture.  I t  can be di r ty, hard work that  i s seen as 
f ai r l y si mpl e to perf orm.  Thi s i s certai nl y not  the case when 
admi ni ster i ng f ungi ci des f or Dutch el m prevent i on.  Because of  how 
rapi dl y DED can progress i n a t ree, f i el d di agnosi s and the abi l i ty to 
communi cate wel l  wi th cl i ents about di sease bi ol ogy i s cr i t i cal  to the 
success of  a program.  A  week between the sal e and the appl i cat i on can 
create very di f f erent  si te condi t i ons, so the f i nal  di agnosi s i s of ten the 
duty of  an appl i cator. A ppl i cators must be abl e to di f f erent i ate 
symptoms at  di f f erent  t i mes of  the growi ng season f rom natural l y 
occurr i ng t ree di sorders.  They al so must be abl e to i dent i f y and 
document addi t i onal  threats to a t reated t rees’  warranty, such as nearby 
di sease i ssues.  Thi s i s of ten the onl y l eg that  we have to stand on i f  we 
need to prove that  an i nf ect i on i s the resul t  of  a root  graf t  i nf ect i on.  
There al so must be a wi l l i ngness to get  second opi ni ons on quest i onabl e 
t rees throughout an organi zat i on as Dutch el m di sease can f ool  even the 
most experi enced arbori st .  Cohesi on between the sal esperson and 
appl i cators i s v i tal  to the ef f i ci ency and ef f ect i veness of  an i nj ect i on 
program.   



 
 
CHEM ICA L  SEL ECTI ON 
 
The pi oneers of  our Dutch el m di sease program had some experi ence 
wi th thi abendazol e hypophosphi te, t rade name of  A rbotect  20-S, whi ch 
has a good record of  success i n prevent i ng DED and was the i ndustry 
standard at  the t i me. However, some concerns wi th the product  were 
rai sed.  Thi abendazol e hypophosphi te has a very l ow pH (2.7 i n a 1% 
sol ut i on), and theref ore had to be mi xed wi th a l ot  of  water (of ten 30-
40 gal l ons) to make the sol ut i on l ess aci di c.  Sof t  water was al so 
requi red to put  thi s product  i nto suspensi on.  I t  of ten took nearl y an 
hour to admi ni ster the i nj ect i on, and the equi pment requi red to handl e 
the l i qui d vol ume was somewhat cumbersome.  Research by A l ex Shi go 
al so showed si gni f i cant  damage near i nj ect i on si tes usi ng 
thi abendazol e, due to aci di ty. 
 
So at  Top Notch, we searched f or other products or al ternat i ves. Dave 
A ppl e, a pathol ogi st  f rom Texas A & M , di d a study on i nter-vascul ar 
i nj ect i on of  propi conazol e i n 1992 f or the prevent i on of  Oak Wi l t .  Oak 
wi l t  i s caused by vascul ar wi l t  f ungus very si mi l ar to Dutch el m 
di sease.  Propi coni zol e i s cl oser to pH neutral  (5.8 to 6.8 at  a 1 percent 
sol ut i on), and i t  coul d be appl i ed and mi xed i n smal l er vol umes, 
maki ng the f i el d appl i cat i on more ef f ect i ve and i ntui t i vel y l ess 
i nj ur i ous due to aci di ty. 
 
Earl y research usi ng bi oassay wi th propi conazol e f ai l ed to show that  
the chemi cal  moved i nto newl y f ormed wood, l eadi ng some to thi nk that  
the i nj ect i ons woul d need to be done every year. Y et  di sease protect i on 
di d l ast  l onger than one year i n the f i el d, creat i ng more quest i ons than 
answers.  Propi conazol e i s a t r i azol e compound that  has pl ant  growth 
regul ator propert i es associ ated wi th i ncreased tol erance to such thi ngs 
as drought, sal t , and f rost  damage.  I t  has been suggested that  growth 
regul ator propert i es may pl ay a rol e i n the abi l i ty of  propi conazol e to 
i nhi bi t  the growth of  the f ungus causi ng DED.  There remai n many 
quest i ons about propi conazol e use i n t reat i ng f or DED, but  i ts 
ef f ect i veness has been demonstrated.  Somethi ng can al ways be sai d f or 
a mystery, I  have no i dea how computers work, yet  I  use them 
f requent l y.   
 
I  thi nk the t rack record of  thi abendazol e and propi conazol e are pret ty 
si mi l ar and that  both f ungi ci des are ef f ect i ve.  I  thi nk our i nj ect i on 



process i s very ef f ect i ve not  onl y because of  what we use, but  how we 
use i t . The most ef f ect i ve cancer f i ght i ng drug i n the worl d woul d not  
work i f  i t  were admi ni stered i mproperl y.   For pol i t i cal  reasons a l ot  of  
f ocus i n commerci al  DED management i s centered on what product  you 
use, wi th very l i t t l e at tent i on pai d to how i t  i s i nj ected whi ch I  assert  
has even greater i mportance.   
 
M ETHOD OF A PPL I CA TI ON 
 
I t  i s of ten sai d that  arbor i cul ture i s art  and sci ence and thi s i s 
especi al l y t rue i n deal i ng wi th macroi nj ect i ons. Choosi ng i nj ect i on 
si tes on an el m tree i s cruci al  to even chemi cal  di st r i but i on i n the 
crown.  M ark Stennes i n 1986 f ound that  2.25 i s the opt i mum number of  
i nj ect i on si tes per di ameter i nch. Fewer si tes may not  yi el d adequate 
di str i but i on, more coul d be consi dered unnecessari l y i nj ur i ous.  
I nj ect i on si tes shoul d be concentrated i n maj or root  f l ares and 
di str i buted as evenl y as possi bl e ci rcumf erent i al l y. 
 
Stennes al so f ound that  the pref erred area to i nj ect  a f ungi ci de was i nto 
the root  f l are t i ssue of  an el m.  Thi s area i s known to have greater 
abi l i ty to wi thstand and compartmental i ze i nj ury, v i tal  f or a process 
that  must be repeated every thi rd year.  Exposi ng the root  f l are by 3-6”  
al l owed the opt i mum amount of  i nj ect i on si tes to be achi eved, 
i ncreasi ng the l i kel i hood of  even chemi cal  di st r i but i on i n the canopy of  
an el m.  
 
I t  has been documented that  f ungi ci de sol ut i ons can cause cel l ul ar 
di eback near the i nj ect i on si tes.  Theref ore we teach our appl i cators to 
f l ush the f ungi ci de away f rom the i nj ect i on si tes by usi ng water i n the 
appl i cat i on tank af ter the proper dosage has been admi ni stered.  Thi s 
wi l l  reduce the i nj ury we create at  the i nj ect i on si te and make i t  easi er 
to repeatedl y i nj ect  an el m.    
 
FOL L OW-UP 
 
Protect i ng an el m tree f rom Dutch el m di sease i s onl y part l y done once 
the i nj ect i on i s compl ete.  Every year we l ose a f ew trees under 
warranty that  coul d possi bl y have been saved i f  we had caught the 
di sease sooner.  I f  we not i ce an el m that  i s under warranty has become 
symptomat i c, we can t reat  thi s t ree (at  our cost)  and hopef ul l y remove 
the ex i st i ng i nf ect i on by pruni ng. Theref ore moni tor i ng t reated t rees 
and recogni zi ng hot  beds of  DED act i v i ty i s essent i al  to mi ni mi zi ng 



l osses.  I f  an area has hi gh i nci dence of  DED, we may al so recommend 
i nj ect i ng some protected t rees on a shorter rotat i on as wel l  as document 
root  graf t  r i sks posed by other i nf ected el ms.  M oni tor i ng i s very 
i mportant  i n l i mi t i ng our r i sk as wel l  as addi ng val ue to the servi ce that  
peopl e have hi red us to perf orm.  M oni tor i ng al so f osters a good 
rel at i onshi p wi th the l ocal  f orestry department. They moni tor f or 
di sease more extensi vel y than anyone, so by not i f yi ng i nspectors whi ch 
t rees we have t reated, we i ncrease our chances that  an i nf ect i on can be 
caught ear l y.  Thi s not  onl y reduces our  r i sk of  f ai l ure, our cooperat i on 
wi th muni ci pal i t i es l ends credence to our program to our customers. 
 
Several  of  the key components to our program, (part i cul ar l y the need to 
excavate a t ree, f l ushi ng the f ungi ci de f rom the i nj ect i on si te, and 
moni tor i ng) are very cost l y f rom an ef f i ci ency standpoi nt  of  a busi ness.  
A ny busi ness owner or manager knows that  ten mi nutes here or there 
adds up very qui ckl y i n the bot tom l i ne.  They are not  el i mi nated to 
make us more ef f i ci ent  because they need to be done to make our 
i nj ect i on program ef f ect i ve i n prevent i ng Dutch el m di sease. 
 
 
CONCLUSI ONS 
 
Data shows that  i nj ect i ng el ms wi th propi conazol e to prevent Dutch el m 
di sease i s ef f ect i ve, but  i t  i s not  a si l ver bul l et .  We do i ssue ref unds to 
customers whose t rees have di ed under warranty every year .  Top Notch 
has anal yzed these l osses to ascertai n any t rends.  Over hal f  of  the 
l osses that  we have experi enced i n the l ast  el even years have occurred 
due to i nadequate chemi cal  di st r i but i on i n the crown f or two mai n 
reasons.  The f i rst  reason f or f ai l ure i s the i nabi l i ty to adequatel y i nj ect  
i nto the root  f l are due to a physi cal  obstacl e or previ ous mechani cal  
damage (of ten a f ence, deck, or wound at  the base of  an el m).  The 
second i s a compromi sed root  f l are due to damage or bi ot i c reasons that  
af f ect  many urban t rees.  Thi s i nf ormat i on al l ows us to be more 
excl usi ve wi th our warranty, i n turn l i mi t i ng our l i abi l i ty wi th t rees 
that  are more prone to f ai l . 
 
A rbori cul ture i s a very dangerous and di f f i cul t  prof essi on.  We deal  
wi th pat i ents who are al most al ways compromi sed due to thei r  
envi ronment.  We are of ten expected to control  probl ems wi th 
unreal i st i c expectat i ons.  Part  of  our j ob i s to educate the publ i c so 
they can make sound deci si ons f or thei r  t rees i n the f uture.  We can 
onl y do so i f  we are aware of  al l  of  the tool s that  our prof essi on has at  



our di sposal .  We can certai nl y recommend pl ant i ng di sease resi stant  
el ms f or the f uture of  the speci es, however mai ntai ni ng the al ready 
mature speci mens and the val ue they provi de to the urban f orest  i s 
another cr i t i cal  component.   
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Thi s pi cture represents wi l t i ng or f l aggi ng that  i s typi cal l y associ ated 
wi th an overl and Dutch el m di sease i nf ect i on 
 
 
 
 
 
 
 
 
 
 



 
A nnual  l oss rates f rom DED i n M i nneapol i s (Graph courtesy of  Ri chard 
Hauer Uni versi t y of  Wi sconsi n Stevens Poi nt)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thi s photo shows an el m tree properl y excavated and hooked up f or 
i nj ect i on i nto root  f l are t i ssue 
 
 
 

Year    Tr ees  under  w ar r an t y  War r an t y r ef un ds  g i ven  Los s  r at e 
                    

1998   366     0     0%   
1999   605     2     0.33%   
2000   806     3     0.37%   
2001   801     4     0.49%   
2002   846     1     0.12%   
2003   907     5     0.55%   
2004   1,416     12     0.85%   
2005   1,591     20     1.26%   
2006   1,541     14     0.91%   
2007   1,251     13     1.04%   

Total    10,130     74     0.73%   



Prevent i ve stat i st i cs f or Top Notch Treecare.  Trees under warranty 
i ncl udes three seasons f or each row.  L oss rate i ncl udes t rees l ost  
wi thi n warranty consi derat i ons onl y. 
 

 
  
Woul d you not  want addi t i onal  protect i on f or thi s massi ve 66” A meri can 
el m? 
 


