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I N J E C T I O N  OF BENOMYL I N T O  ELM, OAK, AND MAPLE 

BENOMYL (methyl 1-(butylcarbamoy1)-2-benzimidazole 
carbamate) i s  being widely i n v e s t i g a t e d  f o r  i t s  
p o t e n t i a l  as a means o f  chemical  c o n t r o l  f o r  va r ious  
p l a n t  d i s e a s e s .  E f f o r t s  t o  p r o t e c t  t r e e s  from 
i n f e c t i o n  caused by v a s c u l a r  w i l t  pa thogens ,  u s ing  
t h i s  chemical ,  have met wi th  l i m i t e d  s u c c e s s ,  b u t  
some c r i t i c a l  problems have a l s o  been encountered.  

The use  o f  benomyl f o r  p reven t ion  o f  o r  t he rapy  
f o r  v a s c u l a r  t r e e  d i s e a s e s  a p p a r e n t l y  r e q u i r e s  t h a t  
a b i o l o g i c a l l y  a c t i v e  form o f  t h e  chemical  o r  a 
d e r i v a t i v e  be d i s t r i b u t e d  throughout  t h e  t r e e .  Hock 
e t  a l .  ( 3 )  and S t i p e s  ( 7 )  r e p o r t e d  t h a t  benomyl 
a p p l i e d  as a  s o i l  drench t o  container-grown American 
elm s e e d l i n g s  p r i o r  t o  i n o c u l a t i o n  prevented  Dutch 
elm d i s e a s e  symptoms and t h a t  t h e  c a u s a l  organism 
could n o t  be r e i s o l a t e d .  However, when benomyl w a s  
a p p l i e d  i n  t h i s  manner t o  f ie ld-grown American e lms,  
d i f f e r e n c e s  i n  up take ,  d i s t r i b u t i o n  o f  t h e  fung i -  
t o x i c a n t ,  and i n h i b i t i o n  o f  d i s e a s e  symptoms were 
r e p o r t e d .  

Biehn and Dimond ( 1 )  r e p o r t e d  suppress ion  o f  
Dutch elm d i s e a s e  symptoms and f u n g i t o x i c a n t  de- 
t e c t i o n  i n  f ie ld-grown American elms t r e a t e d  wi th  a 
benomyl s o i l  drench and subsequent ly  i n o c u l a t e d .  
But Hock and Sch re ibe r  (21,  fo l lowing  a s i m i l a r  
p rocedure ,  found no symptom suppres s ion  and no de- 
t e c t i o n  of  f u n g i t o x i c a n t .  These c o n f l i c t i n g  r e s u l t s  
might be expla ined  by d i f f e r e n c e s  i n  s o i l  t y p e s .  

The v a r i a b l e  uptake o f  benomyl o r  i t s  breakdown 
p roduc t ,  methyl 2-benzimidazolecarbamate,  i s  on ly  
one o f  s e v e r a l  problems a s s o c i a t e d  wi th  s o i l  
a p p l i c a t i o n .  E f f e c t i v e  t r ea tmen t  by s o i l  a p p l i c a t i o n  
r e q u i r e s  l a r g e  amounts o f  benomyl. Much o f  t h i s  may 
be l o s t  from t h e  s o i l  be fo re  it i s  u t i l i z e d .  The - ' 

r o o t  zone o f  many t r e e s  i n  urban s i t u a t i o n s  i s  i n -  
a c c e s s i b l e  f o r  t h i s  t r ea tmen t  method. F u r t h e r ,  t h e  
heavy dosage r e q u i r e d  and t h e  l a c k  o f  c o n t r o l  o v e r  
subsequent  movement o f  t h e  chemical  may be c r i t i c i z e d  
as unacceptab le  contaminat ion o f  t h e  environment.  
F o l i a r  a p p l i c a t i o n s ,  though n o t  now known t o  be 
e f f e c t i v e ,  might be s i m i l a r l y  c r i t i c i z e d .  



~ i r e c t  i n j e c t i o n  of  benomyl i n t o  t h e  t r e e  would 
seem t o  o f f e r  many advantages  and few o f  t h e  draw- 
backs o f  s o i l  a p p l i c a t i o n s .  Hock and Sch re ibe r  ( 2 )  
a t t empted  t o  i n t roduce  an e t h a n o l i c  suspension and 
an e t h a n o l i c  s o l u t i o n  of  benomyl i n t o  elms through 
t u b e s  i n s e r t e d  i n t o  t h e  sapwood, bu t  were unable  
t o  g e t  much m a t e r l a l  i n t o  t h e  t r e e s .  These a p p l i c a -  
t i o n s  d i d  n o t  suppress  subsequent Dutch e l m . d i s e a s e  
developmen-t, and b ioassays  d i d  n o t  d e t e c t  t h e  
presence  of  f u n g i t o x i c a n t  i n  t h e  wood. 

However, t h e  development o f  an i n j e c t i o n  appa- 
r a t u s  by Jones  and Gregory ( 4 )  t h a t  pe rmi t s  i n j e c t i o n  
o f  f l u i d s  under p r e s s u r e  i n t o  t h e  ou-termost sapwood 
o f  t r e e s  and t h e  s o l u b i l i z i n g  o f  benomyl r e p o r t e d  
by McWain and Gregory ( 5 )  sugges ted  t h a t  t h e  stem 
i n j e c t i o n  method of  benomyl a p p l i c a t i o n  h o l d s  
cons ide rab le  promise and should be f u r t h e r  i n v e s t i -  
g a t e d .  This  paper  r e p o r t s  t h e  r e s u l t s  o f  o u r  i n i t i a l  
t r i a l s  us ing  s e v e r a l  benomyl s o l u t i o n s  and t h e  i n -  
j e c t i o n  a p p a r a t u s .  

MATERIALS AND METHODS 

E l m s  (Ulmus americana L . ) ,  oaks  (Quercus 
v e l u t i n a  Lam.), Q .  cocc inea  Muench., and Q .  r u b r a  L . ) ,  
and maples (Acer saccharum Marsh.) ,  5  t o  1 4  i nches  
d . b . h . ,  were i n j e c t e d  i n  October and November a t  one ,  
two, o r  f o u r  l o c a t i o n s  i n  t h e  stem o f  each t r e e ,  2 t o  
3 f e e t  above t h e  ground. I n j e c t i o n  p r e s s u r e s  ranged 
from 25 t o  8 0  p . s . i . ,  and t h e  t o t a l  volume i n j e c t e d  
p e r  t r e e  ranged from 80  t o  4 , 0 0 0  m i l l i l i t e r s .  

Each o f  t h e  fo l lowing  benomyl s o l u t i o n s  were i n -  
j e c t e d  i n t o  s e v e r a l  t r e e s  of  each genus:  2.4-2.8 
grams p e r  l i t e r  o f  benomyl C50 WP) i n  0 . 1 N  a c e t i c  
a c i d ;  2.5-3.2 grams p e r  l i t e r  o f  benomyl (50 WP) i n  
50 p e r c e n t  aqueous e t h y l  a l c o h o l ;  3.0-4.4 grams p e r  
l i t e r  o f  benomyl (50 WP) i n  0 .5  o r  1 M ammonium 
hydroxide ; and 2 0  and 50 grams p e r  l i z e r  o f  benomyl 
(50 WP) i n  8.4 p e r c e n t  and 2 1  p e r c e n t  aqueous l ac t ic  
a c i d ,  r e s p e c t i v e 1 y . l  I n  a d d i t i o n ,  a 13.3  grams p e r  - 
l i t e r  suspension o f  benomyl i n  wate r  w a s  i n j e c t e d  
i n t o  one r e d  oak.  

l ~ o r  d e t a i l s  o f  s o l u t i o n  preparation s e e  c i t a t i o n  (51,  



The t r e e s  were sampled 1 t o  3  weeks a f t e r  i n -  
j e c t i o n .  Branch t i p s  were c o l l e c t e d  from e i g h t  
l o c a t i o n s  i n  e a c h  t r e e - - f o u r  from t h e  upper  crown 
and f o u r  from t h e  lower  crown--for  b i o a s s a y  o f  
f u n g i t o x i c a n t .  The b i o a s s a y  p r o c e d u r e  w a s  a s  
f o l l o w s :  P e n i c i l l i u m  c o n i d i a  were added t o  s t e r i l e  
l i q u i d  p o t a t o  d e x t r o s e  a g a r  a t  48 d e g r e e s  C .  t o  
g i v e  10 ,000 c o n i d i a  p e r  m i l l i l i t e r s  o f  PDA. The 
c o n i d i a  and t h e  a g a r  were mixed b r i e f l y  and t h e n  
were poured  i n t o  p e t r i  p l a t e s  ( a b o u t  30 m i l l i -  
l i t e r s  p e r  p l a t e ) .  When t h e  P e n i c i l l i u n l - s e e d e d  
PDA had s o l i d i f i e d ,  a  0 .5- inch l o n g  s e c t i o n  o f  
b r a n c h  t i p  w a s  s u r f a c e - s t e r i l i z e d  o r  p e e l e d  o f  b a r k  
and embedded h o r i z o n t a l l y  i n t o  t h e  a g a r  a t  t h e  c e n t e r  
o f  e a c h  p l a t e .  A f t e r  48 h o u r s ,  a v e r a g e  d i s t a n c e  
a c r o s s  t h e  zone o f  i n h i b i t i o n  was measured and 
r e c o r d e d .  

RESULTS AND DISCUSSION 

A l l  s o l u t i o n s  were s u c c e s s f u l l y  i n j e c t e d  i n  
v a r y i n g  q u a n t i t i e s  i n t o  e a c h  o f  t h e  t r e e  s p e c i e s  
t e s t e d .  D e t a i l s  o f  t r e a t m e n t  and r e s u l t s  f o r  each  
t r e e ,  i n c l u d i n g  s o l u t i o n  i n j e c t e d ,  volume i n j e c t e d ,  
benomyl c o n t e n t ,  t i m e  r e q u i r e d ,  and b i o a s s a y  r e s u l t s  
a r e  l i s t e d  i n  Tab le  1. 

The t i m e  r e q u i r e d  t o  i n j e c t  a g i v e n  volume o f  
f l u i d  v a r i e d  w i t h  t h e  f l u i d ,  t r e e ,  t r e e  s p e c i e s ,  and 
d a t e  o f  i n j e c t i o n .  G e n e r a l l y ,  t h e  most f l u i d  p e r  
u n i t  t i m e  c o u l d  be  i n j e c t e d  i n t o  o a k s ,  f o l l o w e d  
c l o s e l y  by e l m .  Maples c o u l d  b e  i n j e c t e d  b u t  a t  a 
c o n s i d e r a b l y  s l o w e r  r a t e .  I n c r e a s e d  p r e s s u r e  r e -  
s u l t e d  i n  more r a p i d  up take  o f  a l l  s o l u t i o n s .  

S o l u t i o n  u p t a k e ' a n d  d i s t r i b u t i o n  were checked 
f o r  r e d  oaks  i n j e c t e d  i n  l a t e  September and mid- 
November. I n j e c t i o n  r a t e  f o r  0 .5  p e r c e n t  azo-  
s u l f a m i d e  dye i n  w a t e r  was 5  t o  1 0  m i n u t e s  p e r  
l i t e r  p e r  i n j e c t i o n  s i t e  i n  September and 1 0  t o  15  
m i n u t e s  p e r  l i t e r  p e r  i n j e c t i o n  s i t e  i n  November. 

Dye d i s t r i b u t i o n  w a s  q u i t e  d i f f e r e n t  f o r  t h e  2 .  
months.  Two l i t e r s  o f  dye i n j e c t e d  i n t o  an  % - i n c h  
d . b . h .  r e d  oak on 30 September 1371  were immedia te ly  
d i s t r i b u t e d  throughou-L- I-he t r e e  i.r, the c u r r e n t  sap-  
wood and l e a v e s  and at l e a s t  i n  some r o o t s .  But 4  
l i t e r s  o f  dye i n j e c t e d  i n t o  a  1-2-inch d .  b . h .  r e d  oak 
on 1 8  November 1 9 7 , -  moved up t h e  b o l e  a maximum o f  



only  2 7  f e e t .  Uptake o f  dye i n  elm and mapld w a s  
no t  checked i n  September; b u t  i n  November, it w a s  
n o t  ve ry  r a p i d - - l e s s  t han  1 l i t e r  p e r  i n j e c t i o n  s i t e  
p e r  hour .  I n  elm, t h e  dye moved up t h e  b o l e  a 
maximum o f  15.5  f e e t ;  and i n  maple, it moved up on ly  
8 f e e t .  Hence, it .appears  t h a t  immediate d i s t r i b u -  
t i o n  o f  i n j e c t e d  f l u i d s  i s  a f f e c t e d  by season o f  t h e  
y e a r .  

On t h e  o t h e r  hand,  r e s u l t s  o f  b i o a s s a y s  show 
t h a t  subsequent  movement o f  f u n g i t o x i c a n t  does occu r ,  
even i n  dormant t r e e s .  Some p o s i t i v e  b ioas says  were 
ob ta ined  from oaks  i n j e c t e d  wi th  a l l  s o l u t i o n s  
excep t  t h e  ammonical s o l u t i o n  and t h e  aqueous sus -  
pension o f  benomyl. Only t h e  l a c t i c  a c i d  s o l u t i o n  
o f  benomyl gave any p o s i t i v e  b ioas says  i n  elm and 
maple. 

Although p o s i t i v e  b ioas says  were n o t  r eco rded  
f o r  a l l  t r e e s  o r  f o r  a l l  p a r t s  o f  t r e e s  i n j e c t e d  
wi th  s o l u t i o n s  o f  benomyl, it seems r easonab le  t o  
suspec t  t h a t  f u r t h e r  d i s t r i b u t i o n  o f  f u n g i t o x i c a n t  
w i l l  o c c u r  as growth resumes i n  t h e  s p r i n g .  Smalley 
(6) r e p o r t e d  t h a t  a t  t h e  t ime  o f  i n o c u l a t i o n ,  no 
p o s i t i v e  b ioas says  could be  o b t a i n e d  from wood o f  
elms t h a t  had been t r e a t e d  wi th  s o i l  a p p l i c a t i o n s  o f  
benomyl; b u t  t h a t  even S O ,  s i g n i f i c a n t  p r o t e c t i o n  
from Dutch elm d i s e a s e  damage w a s  p rov ided .  So it 
i s  a l s o  p o s s i b l e  t h a t  t h e  amount o f  f u n g i t o x i c a n t  
now d i s t r i b u t e d  i n  t h e  t r e e s  t h a t  we have t r e a t e d  
may be ample t o  p reven t  v a s c u l a r  w i l t  i n f e c t i o n .  

Because cons ide rab le  q u a n t i t i e s  o f  benomyl can 
be i n j e c t e d  i n  r e l a t i v e l y  s h o r t  p e r i o d s  o f  t i m e  
i n t o  oaks ,  elms,  and t o  a l e s s e r  e x t e n t  i n t o  maples,  
it might be p o s s i b l e  t o  p r o t e c t  t r e e s  from fungus- 
caused d i s e a s e s ,  p a r t i c u l a r l y  v a s c u l a r  w i l t s .  The 
p o s i t i v e  b ioas says  o b t a i n e d  from some t r e e s  i n j e c t e d  
wi th  s o l u b i l i z e d  benomyl s t r e n g t h e n  t h i s  p o s s i b i l i t y .  

- 
Tree d i s e a s e  t he rapy  may a l s o  be p o s s i b l e ,  

. p a r t i c u l a r l y  f o r  d i s e a s e s  t h a t  do n o t  envelop t h e  
e n t i r e  t r e e  immediately,  such as oak w i l t  i n  whi te  
oaks ,  Dutch elm d i s e a s e ,  and V e r t i c i l l i u m  w i l t  i n  
maple. 

The stem i n j e c t i o n  technique  appea r s  t o  have 
g r e a t  advantages  ove r  s 6 i l  a p p l i c a t i o n s  o r  f o l i a r  
sp rays .  Uptake of  p r e s c r i b e d  dosages i s - a s s u r e d ,  



s m a l l e r  q u a n t i t i e s  of  t h e  chemical  a r e  r e q u i r e d ,  and 
i t s  placement and subsequent movement a r e  h i g h l y  
c o n t r o l l e d .  This  i s  no t  on ly  economical ly  advan- 
t ageous  b u t  a l s o  l a r g e l y  avo ids  t h e  environmental  
p o l l u t i o n  hazards  a s s o c i a t e d  wi th  o t h e r  methods of 
a p p l i c a t i o n .  

Year-round t r ea tmen t  s chedu le s ,  i f  c a l l e d  f o r ,  
may be fol lowed r e g a r d l e s s  o f  wind and r a i n  and a r e  
l i m i t e d  on ly  by very low t empera tu re s .  And t h i s  
t echnique  of i n j e c t i o n  need n o t  be l i m i t e d  t o  
s o l u b i l i z e d  benomyl bu t  might be used f o r  o t h e r  
sys temic  f u n g i c i d e s ,  i n s e c t i c i d e s ,  h e r b i c i d e s ,  and 
perhaps ,  even hormones and n u t r i e n t s ;  

R e s u l t s  r e p o r t e d  he re  have shown t h a t  q u a n t i t i e s  
o f  s o l u b i l i z e d  benomyl can be i n j e c t e d  i n t o  oaks ,  
elms, and maples and t h a t  subsequent  d i s t r i b u t i o n  
wi th in  t h e  t r e e  occu r s .  However, much more r e s e a r c h  
i s  r e q u i r e d  be fo re  t h e  apparen t  p o t e n t i a l  of  t h i s  
t echnique  f o r  c o n t r o l  of  t r e e  d i s e a s e s  can be r e a l -  
i z e d .  I n o c u l a t i o n  s t u d i e s  must be completed t o  
e v a l u a t e  p r o p h y l a c t i c  and t h e r a p e u t i c  p r o p e r t i e s  of  
s o l u b i l i z e d  benomyl, p o s s i b l e  p h y t o t o x i c i t y  problems 
must be recognized and minimized, and op t ima l  dosages ,  
volumes, c o n c e n t r a t i o n s  and t r e a t m e n t  schedules  must 
be determined.  We b e l i e v e  t h a t  t h e s e  problems can be 
r e s o l v e d  and t h a t  t h e i r  s o l u t i o n  w i l l  pe rmi t  a major 
advance i n  ou r  a b i l i t y  t o  cope wi th  d i s e a s e s  o f  t r e e s .  
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A newly devised  appa ra tus  us ing  p r e s s u r e  t o  i n j e c t  
f l u i d s  i n t o  t r e e s  w a s  used t o  i n j e c t  s o l u b i l i z e d  
benomyl i n t o  e lms,  oaks ,  and maples. I n  October 
and November, i n j e c t i o n s  were made i n t o  t h e  o u t e r  
two annual  r i n g s  o f  sapwood a t  p o i n t s  2 t o  3 f e e t  
above ground l i n e .  One t o  3 weeks a f t e r  i n j e c t i o n ,  
t h e  t r e e s  were sampled; and p o s i t i v e  b ioas says  were 
ob ta ined  from branch t i p s  of  some o f  t h e  elms,  oaks ,  
and maples. I n j e c t i o n  o f  benomyl i n t o  e lms,  oaks ,  - &  

and maples may provide  p r o t e c t i o n  from i n f e c t i o n  by 
f u n g a l  pathogens o r  may provide the rapy  f o r  d i s e a s e d .  
t r e e s .  



Caution about Pesticides 
This publication reports research involving pest- 
icides. It does not contain recommendations for their 
use, nor does it imply that the uses discussed here 
have been registered. All uses of pesticides must be 
registered by appropriate State and/or Federal 
agencies before they can be recommended. 

CAUTION: Pesticides can be injurious to humans, 
domestic animals, desirable plants, and fish or other 
wildlife-if they are not handled or applied prop- 
erly. Use all pesticides selectively and carefully. 
Follow recommended practices 'for the disposal of 
surplus pesticides and pesticide containers. 


	
	
	
	
	
	
	
	
	
	
	
	
	

