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SOLUBILIZATION OF BENOMYL FOR INJECTIONS 

INTO TREES FOR DISEASE CONTROL 

The need for an effective systemic fungicide for 
plant pathogens has long been apparent. Foremost 
among several chemicals now being evaluated for their 
prophylactic and therapeutic properties is benomyl 
(methyl 1-(butylcarbamoy1)-2-benzimidazolecarbamate). 

Several groups of scientists have tested benomyl 
for its potential in controlling Dutch elm disease 
(DED) (1,3,5). - - -  The chemical is usually applied to 
the soil in the root zone, with results ranging from 
fairly good protection to no protection. Most of 
these scientists recognize the need for a better 
means of getting the fungicide into trees. Smalley 
( 5 1 ,  in concluding his paper on soil application of 
benomyl to protect American elm from DED, states, 
"... a more effective means of introducing the 
chemical into elm trees needs to be discovered." 

Hock and Schreiber (3) tried to feed benomyl in 
50 percent aqueous ethyl-alcohol into elms through 
tubes sealed into holes in the stem. They did not 
detect any fungitoxic material in bioassays of the 
young elm trees, so presumably no significant 
amounts were taken up. 

We have used the pressurized system of fluid 
injection developed by Jones and Gregory ( 4 )  to 
introduce aqueous suspensions of benomyl fungicide 
into tile two outer annual rings of Acer saccharum, 
Ulmus americana, and Quercus rubra. But only limited 
amounts of suspended benomyl could be injected, and 
these quantities did not move appreciably beyond the 
injection site. 

The inability to inject significant amounts of 
suspended aqueous benomyl and the lack of significant 
uptake of alcoholic benomyl pointed out the need for - 
solubilized benomyl that could be freely injected into 
trees. Desired solution characteristics are: solubil- 
ity at relatively high concentration, solubility upon 
infinite di.lution with water, low viscosity, adequate 
fungitoxicity, and little or no phytotoxicity. This 
paper reports our progress toward meeting these 
criteria. 



EXPERIMENTAL 

Benomyl (50WP) w a s  added ,  i n  e x c e s s ,  t o  95 p e r -  
c e n t  e t h y l  a l c o h o l ,  50 p e r c e n t  e t h y l  a l c o h o l ,  1 N 
ammonium h y d r o x i d e ,  0 . 1  N ammonium h y d r o x i d e ,  and 
0 . 1  N a c e t i c  a c i d .  The s o l u t i o n s  were s t i r r e d  f o r  1 
t o  2 h o u r s  a t  room t e m p e r a t u r e  and were t h e n  c l a r i -  
f i e d  by f i l t r a t i o n .  A l l  s o l u t i o n s  were a l lowed  t o  
s t a n d  o v e r n i g h t  and were r e f i l t e r e d  i f  p r e c i p i t a t e  
had formed.  The 95 p e r c e n t  and 50 p e r c e n t  e t h y l  
a l c o h o l  s o l u t i o n s  d e p o s i t e d  a  r e l a t i v e l y  s m a l l  
amount o f  s o l u t e  i n  s t a n d i n g  whereas  a c o n s i d e r a b l e  
amount o f  s o l u t e  was d e p o s i t e d  from ammonium 
hydrox ide  s o l u t i o n s .  L i t t l e  o r  no d e p o s i t i o n  oc-  
c u r r e d  from a c e t i c  a c i d .  

The d e p o s i t i o n  from t h e  v a r i o u s  s o l u t i o n s  un- 
d o u b t e d l y  a l t e r e d  t h e  p r o p o r t i o n  o f  a c t i v e  benomyl 
t o  i n e r t  components ,  b u t  b i o a s s a y s  showed t h a t  each  
s o l u t i o n  remained h i g h l y  f u n g i t o x i c .  The s o l u t e  
c o n c e n t r a t i o n s  of t h e  f i l t r a t e s  d e t e r m i n e d  g r a v i -  
m e t r i c a l l y  r anged  from 2.4 t o  7.8 grams p e r  l i t e r  
(Tab le  1). 

A l l  t h e s e  s o l u t i o n s  had low v i s c o s i t i e s .  Benomyl 
i n  0 . 1  N a c e t i c  a c i d ,  1 N ammonium h y d r o x i d e ,  and 
50 p e r c e n t  e t h y l  a l c o h o l  was n o t  e x p e c t e d  t o  be 
markedly p h y t o t o x i c  i n  t h e  amounts i n j e c t e d ;  and s o  
it w a s  s e l e c t e d  f o r  t r e e  i n j e c t i o n  t r i a l s .  

A d d i t i o n a l l y ,  s o l u t i o n s  o f  h i g h e r  c o n c e n t r a t i o n  
were o b t a i n e d  by t r e a t i n g  benomyl (50 WP) w i t h  91 
p e r c e n t  a c e t i c  a c i d ,  88 p e r c e n t  f o r m i c  a c i d ,  h o t  85 
p e r c e n t  l a c t i c  a c i d ,  h o t  42.5 p e r c e n t  l a c t i c  a c i d ,  
and h o t  1 0  p e r c e n t  aqueous g l u c o n i c  a c i d .  The s o l u t e  
c o n c e n t r a t i o n s  o b t a i n e d  ranged  from 1 0  t o  380 grams 
p e r  l i t e r  (Tab le  1). 

Benomyl was added t o  t h e s e  s o l u t i o n s  w i t h  s t i r r i n g ;  
however,  l a c t i c  a c i d  and g l u c o n i c  a c i d  a l s o  r e q u i r e d  
modera te  h e a t i n g .  A l l  s o l u t i o n s  r e t a i n e d  a p p r e c i a b l e  
f u n g i t o x i c i t y .  Only l a c t i c  and g l u c o n i c  a c i d  s o l u t i o n s  - 
c o u l d  be  d i l u t e d  i n f i n i t e l y  w i t h  water w i t h o u t  forming 
p r e c i p i t a t e ,  t h u s  a l l o w i n g  t h e  a c i d s  t o  be minimized 
i n  t h e  s o l u t i o n  f o r  i n j e c t i o n .  

O f  t h e s e  c o n c e n t r a t e d  s o l u t i o n s ,  benomyl s o l u b i l -  
i z e d  i n  l a c t i c  a c i d  seemed t o  be t h e  most p romis ing  
f o r  i n j e c t i o n  i n t o  t r e e s .  The h i g h  c o n c e n t r a t i o n s  o f  



t h i s  s o l u t i o n  p r o v i d e d  wide l a t i t u d e  f o r  d i l u t i o n  
w i t h  a  minimum s a c r i f i c e  of f u n g i c i d e  c o n t e n t .  

The s o l u t i o n  used  f o r  t r e e  i n j e c t i o n  t r i a l s  was 
p r e p a r e d  by a d d i n g  100 grams o f  benomyl ( 5 0  WP) t o  
1 l i t e r  o f  4 2 . 5  p e r c e n t  l a c t i c  a c i d .  The s o l u t i o n  
was h e a t e d  a n d  s t i r r e d  u n t i l  c lear ,  d i l u t e d  t o  2 0  
grams p e r  l i t e r  w i t h  w a t e r ,  a l lowed  t o  s t a n d  o v e r -  
n i g h t ,  and f i l t e r e d .  T h i s  s o l u t i o n  was nonv i scous  
and remained e s s e n t i a l l y  f r e e  o f  p r e c i p i t a t e  f o r  
more t h a n  a month. The a d d i t i o n  o f  t h i s  s o l u t i o n  t o  
c l a r i f i e d  r e d  and bur  oak l e a f  e x t r a c t  d i d  n o t  i n d u c e  
immediate  o r  subsequen t  p r e c i p i t a t i o n .  

CONCLUSIONS 

Varying amounts o f  benomyl have  been s o l u b i l i z e d  
i n  s e v e r a l  s o l v e n t s .  T h i s  p e r m i t s  i n j e c t i o n  o f  t h e  
f u n g i c i d e  i n t o  t r e e s  f o r  p r o t e c t i o n  o r  t h e r a p e u t i c  
a c t i o n  a g a i n s t  v a r i o u s  f u n g a l  p a t h o g e n s .  I n j e c t i o n  
and d i s t r i b u t i o n  o f  some o f  t h e s e  s o l u t i o n s  i n  e l m s ,  
o a k s ,  and maples  i s  r e p o r t e d  i n  a  c o n c u r r e n t  a r t i c l e  
( 2 ) .  

W e  b e l i e v e  t h a t  a d e q u a t e  amounts o f  f u n g i c i d e  f o r  
p r o t e c t i o n  o r  t h e r a p y  can be p u t  i n t o  t r e e s  i n  t h i s  
form w i t h o u t  s i g n i f i c a n t  damage from t h e  s o l v e n t ,  b u t  
t h i s  r emains  t o  be de te rmined .  C h a r a c t e r i s t i c s  o f  
t h e  l a c t i c  a c i d  s o l u t i o n  make it t h e  f a v o r e d  s o l u t i o n  
o f  t h e  s e v e r a l  p r e p a r e d ,  b u t  we a r e  c o n t i n u i n g  
r e s e a r c h  t o  f i n d  more d e s i r a b l e  s o l u t i o n s  o f  benomyl- 
d e r i v e d  f u n g i t o x i c a n t .  



Table 1.--Solute concentrations from benomyl (50 WP) 
in various solvents 

Solvent Solute g/l 

Water 
95% ethyl alcohol 
50% aqueous ethyl alcohol 
0.1 N aqueous ammonium hydroxide 
1.0 N aqueous ammonium hydroxide 
0.1 N aqueous acetic acid 
91% glacial acetic acid 
88% formic acid 
85% lactic acid (hot) 
42.5% lactic acid (hot) 
10% aqueous gluconic acid (hot) 
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Benomyl, i n  v a r y i n g  amounts ,  w a s  s o l u b i l i z e d  i n  
s e v e r a l  s o l v e n t s ,  t h u s  a l l o w i n g  i n j e c t i o n  i n t o  
t r e e s  f o r  fungus  d i s e a s e  p r e v e n t i o n  and t h e r a p y .  
A l a r g e  amount o f  benomyl can be s o l u b i l i z e d  i n  
d i l u t e d  l a c t i c  a c i d .  The r e s u l t i n g  s o l u t i o n  can  
be i n f i n i t e l y  d i l u t e d  w i t h  w a t e r  w i t h o u t  p r e -  
c i p i t a t i o n .  These c h a r a c t e r i s t i c s  make it t h e  
c u r r e n t  s o l u t i o n  o f  c h o i c e  f o r  o u r  t r e e  i n j e c t i o n  
s t u d i e s .  
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FOLLOW THE LABEL , 

Caution about Pesticides 
This publication reports research involving pest- 
icides. It does not contain recommendatiolls 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 ~ l a n t s ,  and fish or other 
wildlife-if they are not handled or applied prop- 
erly. Use all pesticides seiectively and carefully. 
Follow recommended practices for the disposal of 
surplus pesticides and pesticide containers. 


	
	
	
	
	
	
	
	
	
	

