
PRESSURE INJECTION OF METHYL 2-BENZIMIDAZOLE 
CARBAMATE HYDROCHLORIDE SOLUTION 
AS A CONTROL FOR DUTCH ELM DISEASE 

Abstract. A preliminary evaluation of the 
effectiveness of injecting methyl 
2-benzimidazole carbamate hydrochloride 
solution into elms for prevention or cure of 
Dutch elm disease is reported. Symptom 
development was diminished or prevented in elms 
injected with fungicide before inoculation. 
Symptom development was arrested in all 
crown-inoculated diseased trees injected with the 
high and medium concentration of the fungicide and 
in bole-inoculated diseased trees injected with 
the high concentration of the fungicide when not 
more than about 50 percent of the crown was 
symptomatic. 

Benomyl (1-(butylcarbamoy1)-2-benzimidazole carbamic 
acid, methyl ester) is a broad-range systemic fungicide 
that has been widely investigated during the last few years 
as a possible control agent for various plant diseases. 

Benomyl has been used experimentally in attempts to 
control Dutch elm disease (DED). Various workers have used 
soil drenches (1,5,11,12) and spray application to the crown - - - -  
(4,111 in an effort to protect elms from DED, with results 
rancng from none to apparently good protection. 

Soil drenches and fungicide sprays are objectionable 
in several respects. Application by soil drench results in 
variable uptake of benomyl, dependent on soil type and 
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probably on soil moisture. This method requires large 
amounts of fungicide and allows little control over its 
subsequent fate. We have little understanding of its effect 
on soil microbiology. Similarly, spray application requires 
relatively large amounts of the chemical, much of which 
eventually is deposited in the soil. Drift of spray onto or 
into houses, cars, etc., is also undesirable. 

On the other hand, pressurized injection of fungicide 
directly into the xylem of the tree seems to offer many 
advantages over the other two methods. Solubilized benomyl 
injected into the xylem of elms, oaks, and maples becomes 
distributed in the branches and twigs ( 3 ) .  With injection 
the fungicide is confined within the tree, so the environ- 
mental contamination hazard appears to be minimal. The time 
between treatment and establishment of an effective dosage at 
desired sites is appreciable for soil applications but short 
for injections. 

Benomyl hydrolyzes to methyl 2-benzimidazolecarbamate 
(MBC), butylamine, and carbon dioxide. MBC is considered to 
be the active fungicidal material in plants that receive 
applications of benomyl (10). Buchenauer and Erwin ( 2 )  
applied a spray c o n t a i n i n r ~ ~ ~  to cotton plants for tEe 
control of yerticillium wilt. Certain types of 
benzimidazolecarbamates were introduced as fungicides in 
patents by Klopping ( 7 ) .  Littler et al. ( 8 )  patented the use 
of MBC and some of its fungitoxic salts as-foliar fungicides. 
McWain and Gregory (9) devised a laboratory-scale procedure 
for conversion of becomyl to water-soluble hydrochloride salt 
of MBC (MBC-HC1) that was used in these tests. 

This is a report of the preliminary results of studies 
to determine the value of pressure injection of the MBC-HC1 
solution into the xylem of American elms for prevention and 
therapy of Dutch elm disease. 

Methods 

The methods were similar for the two studies, benomyl 
prophylaxis and benomyl therapy of Dutch elm disease in Ulmus 
americana, American elm. 

Study trees were divided into four size classes. Each 
treatment of the two studies was randomly assigned to one 
tree in each size class so each treatment was repeated four 
times. Four replications of each treatment were in nursery 
trees of 5 to 11 inches d.b.h. 



P r o p h y l a c t i c  S tudy 

T r e e s  w e r e  i n j e c t e d  u s i n g  t h e  p r e s s u r e  i n j e c t i o n  
a p p a r a t u s  and  method d e s c r i b e d  by J o n e s  and  Gregory (5). 
I n j e c t e d  s o l u t i o n s  were 0 . 0 0 ,  0 .67 ,  4 . 0 ,  and  24 g./l.MBC-HC1. 
I n j e c t e d  volumes were a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  t h e  d . b . h .  
o f  t h e  t rees  ( a b o u t  3  2 5 m l  . / i n c h  d  . b . h .  ) . The number of 
i n j e c t i o n  s i t e s  p e r  t r e e  w a s  two f o r  5- t o  9- inch t r e e s  o r  
t h r e e  f o r  10-  t o  1 3 - i n c h  t r ees .  The i n j e c t i o n  s i t e s  were  
e v e n l y  spaced  a round  t h e  t r e e  t r u n k ,  1 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  w a s  40 p . s . i .  I n j e c t i o n  wounds 
w e r e  cove red  immedia te ly  a f t e r  i n j e c t i o n  w i t h  t r e e  wound 
d r e s s i n g .  

One week a f t e r  i n j e c t i o n ,  t h e  t r e e s  were i n o c u l a t e d  i n  
one o f  two ways: t h r o u g h  1 / 2 - i n c h  wood c h i s e l  c u t s  i n t o  t h e  
xylem a t  4- inch  i n t e r v a l s  a round  t h e  b o l e  o f  t h e  t r e e  a t  
b r e a s t  h e i g h t ,  o r  t h r o u g h  one  1 / 2 - i n c h  wood c h i s e l  c u t  i n t o  
t h e  xylem o f  a b ranch  l o c a t e d  a b o u t  midway between t h e  t o p  
and bot tom o f  t h e  crown and where t h a t  b ranch  w a s  a b o u t  
1 i n c h  i n  d i a m e t e r .  Twenty- f ive  m i l l i o n  c o n i d i a  of a n  
aqueous s u s p e n s i o n  o f  a m i x t u r e  o f  f i v e  i s o l a t e s  of 
C e r a t o c y s t i s  u l m i ,  were a p p l i e d  t o  each  c h i s e l  c u t .  These 
p a r t i c u l a r l y  s e v e r e  i n o c u l a t i o n  p r o c e d u r e s  were used  t o  t e s t  
t h e  v a l u e  o f  t h e  M B C - H C 1  i n j e c t i b n  t r e a t m e n t s  r i g o r o u s l y .  

Trea tment  c h e c k s  c o n s i s t e d  o f  t r e e s  t h a t  were t r e a t e d  
b u t  n o t  i n o c u l a t e d  and  i n o c u l a t i o n  checks  c o n s i s t e d  of t r e e s  
t h a t  were i n o c u l a t e d  b u t  n o t  i n j e c t e d .  

D e t e c t i o n  o f  f u n g i t o x i c a n t  i n  t h e  b ranches  o f  t r e a t e d  
t r e e s  w a s  a t t e m p t e d  2 weeks a f t e r  i n j e c t i o n  and t h e n  a t  
monthly i n t e r v a l s  t h r o u g h o u t  t h e  r ema inde r  o f  t h e  growing 
s e a s o n .  Branch t i p  samples  were c o l l e c t e d  from t h e  n o r t h ,  
e a s t ,  s o u t h ,  and wes t  s i d e s  o f  each  t r e e  a t  a b o u t  midcrown 
h e i g h t .  Samples were r e f r i g e r a t e d  u n t i l  p r o c e s s e d  i n  t h e  
l a b o r a t o r y .  A 1 /4 - inch- long  s e c t i o n  from each  sample was 
p l a c e d  i n  t h e  c e n t e r  o f  10-cm.-diameter  p e t r i  p l a t e s  
c o n t a i n i n g  30 m l .  o f  p o t a t o  d e x t r o s e  a g a r ,  i n  which 450,000 
c o n i d i a  o f  ~ e n i c i l l i u m  s p .  were d i s p e r s e d .  Zones of 
P e n i c i l l i u m  growth i n h i b i t i o n  were measured a f t e r  4 8  h o u r s '  
i n c u b a t i o n  a t  room t e m p e r a t u r e .  

O b s e r v a t i o n s  o f  f o l i a r  symptoms were r e c o r d e d  a t  
a p p r o x i m a t e l y  weekly i n t e r v a l s  t h r o u g h o u t  t h e  growing s e a s o n .  
Near t h e  end o f  t h e  s e a s o n  i n j e c t i o n  s i t e s  were examined f o r  
i n j u r y ,  and  t h e  e x t e n t  o f  t h e  dead t i s s u e ,  i f  a n y ,  w a s  
r e c o r d e d .  



t' 
a
 

I= 
a, 

:
 

Ct 
k
 

h
 

h
F

:
Q

P
I

 
-

P
C

3
 

G
A

 
a

C
I

o
0

 
O

d
r

i
U

 
0

 
3

a
,

 
r
l 

a, 
0

 
3

'd
 

r
3

 o
a

,
a

,
o

~
o

~
~

~
m

 
m

c
,

d
3

m
F

c
a

 
-
4

 
P

E
 

a
,

\
a

,
o

a
,

s
t

' 
h

a
0

 
a
~
 

a
t' 

F: 
"
r
l
 o

r
 

.
Z

D
M

 
+
J 

a, 
m

d
*

d
 P
I 

t
'P

 
E

 
m

a
E

o
d

r
d

a
E

 
S

F
:

3
O

F
:

r
d

N
N

G
5

F
:

h
 

a
a
,
 

a
E

G
P

.4
 

r
-
r
l
 

t
J

G
d

 
~

r
i

0
H

c
l

'
r

l
m

 
o
 

rd 
PIC

-' 
E

 
m

 rd w
a

, 
rd 

m
c

l
 

h
O

*
d

h
E

 
O

>
 

o
d

d
 

a
~

?
m

o
h

u
a

,
d

m
 a, 

F: 
a, 

c
,r

l a
,a

 
5
 

rd 
F: 

u
 

r
>

Q
F

:
a

a
C

t
 

O
O

r
d

k
 

a
a

,
3

E
*

r
i

 
a

,
L

 
F

:a
, 

a
,

a
r

o
h

m
o

m
o

r
r

 a
 

o
k

m
m

t
'

a
 

F: 
5

~
a

u
 

0
 

a
,

a
,

a
,

r
o

 
0

.
n

 
k
 

P
I

t
J

m
G

E
 F

:m
 

c
k

c
,

F
:

r
a

,
 

F
:*d

P
-'a

, 
o

a
*

r
l

F
:

3
a

r
d

a
 

O
E

k
 

E
 

a
,a

,G
iJ

 
r

d
r

o
 

m
 h

a
,

 0
%

 rd 
C

ta
 

3
 

a, 
a 

o
m

m
k

 
0

-
d

 0
 

>
a

,
 
"
 

a, 
o

a
,

h
a

a
P

I
G

a
,

k
~

 
Cc 

F
:S

 a
d

 U
 E

 
rd 

hOa-C-'rd 
r

l
 

T
3

r
d

'r
lC

t3
 

o
a

k
 

O
a

,c
c

r 
" 

a
 

a
,

a
m

x
c

l
m

 h
k

 m
o

 a, 
a

,
U

G
 

C-c 
-l-iF-rSrd 

0
 

-IJ
F

:rd
a

rd
C

, 
a

,
r

a
,

a
,

r
d

 
rd

a
, 

F
:

E
~

~
+

J
>

 m
~

k
 

r
l

C
t

m
r

d
 

H
 

a, *
rl *

r
i t' 

g
a
s
, 

a, 
"

E
a

r
 

~
c

k
 

a
 

n
~

t
d

 m
*

rl 
4-1 

O
c

k
 C

tL
n

 
a,\ 

*
a

,
C

J
P

 a
,

o
 

F
:*d

+
J

rd
 

3
 

*
P

a
,

 
r

d
G

 
*
r
l a

 
b

O
G

k
a

),G
t-'a

) 
I 

X
 

-
a
,
 

a
,

~
E

t
'

 5
 

a
,

a
,

o
a

,
F

-
r

3
E

 
rd 

P
r
l
 

r
l
r

l
 
a, 

u
 

a
,

~
 

a
a

 m
r

 rd 
rd 

o
r

c
r

d
s

 
o

a
,

 
G

 
> 

A
c

,
 o

 
k

E
+

,
r
l
P

 a, 
r

d
a

 
*
r
l 

r
 

c
,a

,r
d

G
a

,a
,T

I 
a

,d
'C

f 
*
r
l >

r
lr

 E: 
0
 

a, 
G

 
a
t
'
 

-
3

a
3

 
F

:F
: 

r
m

r
r

d
-

 
a

 o
r

 "
r

d
M

-
 

f
d

o
 

m
a

 
O

r
b

a
,

>
*

d
N

 
c

z
a

r
l

 
~

E
F

:
 o

a
m

 
H

 
*

n
U

O
P

0
*

r
i

P
g

r
i

r
d

~
@

 
a

,
G

=
d

r
lU

+
J

 
I 

m
r

 
a

r
l 

k
-
r
l 

a
 

a
,

a
a

,
o

o
a

,
 

A
 

O
F

:
U

r
d

*
n

E
r

l
E

r
d

k
a

,
r

d
 

G
 o

a
c

,
 F: 

h
o

d
 k o

s
t

' 
r
 

F
:t:w

*rl 
m

a
 rd 

P
IE

+
'- 

" 
G

 
U

F
:

 
a

r
G

k
b

0
 

a
 

a
,*

r
l*

r
iO

'd
 

E P
 

g 
.';;5a,EC 

t
J
 

P
I

.
 

rd 
0
 

E
a

>
a

,
a

 
F

:C
c

l-ri a
*rl ,G

 
F: 

m
 o

r
l

r
 m

t
'

 rd 
gaz 
m

c
r

d
 

rd
m

C
c

 
rd 

m
 

+' 
h

m
m

a
,

a
,

3
E

 
a

d
r

d
C

t
C

t
L

3
 

2
0

3
c

l
P

I
 

*
r
l 

a.J 
a, 

C
, *

r
l 

E
 

a
 

r
l

a
~

 
m

t
'c

,
 

m
-

d
 

a, 
*
r
l F: 

h
U

 a, 
r

d
C

a
,

 
F

:E
 

d
.

d
E

 
O

C
t

a
,

a
,

h
O

 
*
r
i+

 E
 

&
d

*
d

 a, 
--d

 M
P

I 
t' 

F: 
P

I
-
iJ

d
t
'S

 
C

U
G

O
 

C
, 

F: 
'!-I 

a, 
0

0
0

 
k
 

-I-' 
c

G
 a, 

E
 

O
P

P
I

O
 m
 

r
i
 d

 
-P

 
F: 

3
0

 G
O

 
m

 
LD

 
E

.ri 
*
ria

 
h
4
-J

 
E

a
,

r
d

m
P

I
 

a
r

c
 

a, 
Ct 

0
 

r
d

t
'

o
 

a, 
G

X
 

0
-

n
 "a

, 
a, 

E
 c

m
 o

 
O

*
d

N
 Cc 

a, 
m

 
a
 d

 
m

 
a

a
a

,
 

*
r
l 

d
 
0

 
U

r
n

 m
 

rd 
$4 

rd
rd

 
m

 
r

C
t

 
0
 

a
 

+
'+

'P
I 

a
 

rd 
d

a
t

'
 

a, 
*

d
t
J

 rd
a

F
-l 

rd
rd

 
a

f
d

 
P

r
l
 a

,
r

 
~

t
 g

a
 a

r
t 

3
 

0
 o

*rl 
0

 o
 *

m
X

 
a
,u

 
d

*
d

 c 
m

 *
r
l b

0
.d

 
0
 

F: 0
 

'r
l 

o
 

m
 

r
i 

CI 

a
 

c rd 

03 
+
I 

r
l 

3
 

m
 

Q
) 

tG 

L
) 
ti t
'

-
 

U
P

 a, 
r

d
a

o
 

r
l 

r
d

*
 

h
a

,
 k

c
, 

s
a

t
' l= 

P
Ird

 
a, 

O
E

G
k

 
CI 

a
,@

 
P

Ia
,G

 
P
I 

C
t

?
?

 
a, 

a, 

G
3;:a, 

k
 

&
la

m
 

a, 
0
 a

0
 3
 

0
0

0
 

r
d

r
d

r
 

X
 

3
r

l
 

rd 
U

d
 G

*
d

d
 

k
L

k
 0
 

d
F

:
a

,
*

r
i

U
3

F
:

 
a 

3
 

0
 

a
,

o
r

 
E

@
a

,
 

F
;

O
a

,
F

:
P

I
O

*
d

 
s

a
 

a
 +

I 
C

t
5

 
a, 

E
 

s
4

a
,iii&

 
a

~
 

5
~

c
l

0
 

~
~

t
'

o
u

m
a

,
a

,
o

 O
O

+
J

 
r

d
r

 
*d

-r+
J

t' 
+
, 

P
I 

a
,a

,P
Ia

, 
c

,
r

d
P

I
 

m
m

E
 

G
k

E
G

m
 

U
E

 
G

 h
 

r
h

~
h

c
,

-
r

l
~

k
~

-
r

h
 

m
o

m
 

cn 
s

o
r

m
 

a
*ri 

c
c
lG

 
L

k
H

 
U

P
0

 
O

C
, 

o
 

h
m

h
 

k
a

~
:

 
*
r
l 

C
,a

,F
:

 
4JF-r 

m
 3

-
c

l 
*

*
d

 a
 

rd 
CJ 

a, 
~

F
:

F
:

c
~

c
~

 
a

 
F: 

c 
a

+
' 

a
,

o
a

,
c

l
a

 
a

,
a

o
 

'h
E

=
a

,o
*

r
l>

 
a, 

t'U
*

r
l 

r
a

,r
lF

-
lt'a

,a
,a

 
r

d
F

:
r

 
E

A
U

r
d

m
G

O
 

d
O

r
d

 
T

J
p

C
r

d
P

Ik
 

t
'r

f
 

3
o

C
t 

r
l 

a
 

3
a

 3
 

0
 
a,+' 

0
P

m
 

F: 
rd 

H
d

 U
 

3
 *

d
 

U
 t
'
r
l
 

0
 

U
d

 
G

 
I:rd 

a, 
*
r
l r
l 3

 

a
o

c
,
 
p
a
,
 

a, 
u
 

r
 

t
J

d
w

~
F

:
E

4
1

>
 

O
d

d
 

a 
a, 

a
,a

,o
a

, 
~

:
r

l
a

,
 

r
l>

r
l4

-
(

o
C

t
 

a
 

*
d

r
d

U
 

3
U

O
O

 G
P

C
,

 
I 

F: 
U

Q
Z

 
O

X
d

a
 

F
:

+
O

 
0
 

*
a

,
o

a
,

a
,

F
:

 
3

r
d

o
 

F: 
E

O
 M

 
0

0
 

0
 

*
r

lo
a

r
d

C
,

a
,

C
t

*
r

l 
F
-
r
t'r
 

a
,

 
o

~
:

m
 

a
,

 a
,a

,c
lP

Ir
d

 
a, 

a, 
4

 E
a

 >
,G

 
k
 

U
E

G
 

O
h

a
t

r
d

b
0

L
k

o
P

 
G

P
I

W
 

m
 

m
r

 
-
r
l o

m
 E= 

E
 
O

-
r
i 

U
G

G
 

a, 
r
l rC: 

m
a

d
 

3
h

0
 

Q) 
~

2
-

n
 @

O
d

d
 

> 
a, 

a, 
C

 
O

G
*

d
 G

 
0
 

a, G
 

r
l
*
r
i
r
t
'
 

3
 
0
 

U
 

a
 C

, 



T
a

b
le

 
1

.-
-P

ro
p

h
y

la
c

ti
c

 
s

tu
d

y
: 

d
e

v
e

lo
p

m
e

n
t 

o
f 

D
E

D
 

c
ro

w
n

 
sy

m
p

to
m

s 
a

t
 t

h
e

 e
n

d
 

o
f 

th
e

 1
9

7
2

 g
ro

w
in

g
 

s
e

a
s

o
n

 
i

n
 i

n
o

c
u

la
te

d
 

tr
e

e
s

 p
re

v
io

u
s

ly
 

in
je

c
te

d
 w

it
h

 M
B
C
-
H
C
1
 s

o
lu

ti
o

n
 

A
v

e
ra

g
e

 
p

e
rc

e
n

ta
g

e
 

o
f 

P
e

rc
e

n
ta

g
e

 
o

f 
c

ro
w

n
 

s
y

r
n

p
to

m
a

ti
c

~
 

a
/ 

T
re

a
tm

e
n

t 
tr

e
e

s
 

sy
m

p
to

m
a

ti
c

- 
N

o
n

in
o

c
u

la
te

d
 

B
o

le
 

C
ro

w
n

 
B

o
le

 
C

ro
w

n
 

c
h

e
c

k
s

 
in

o
c

u
la

te
d

 
in

o
c

u
la

te
d

 
in

o
c

u
la

te
d

 
in

o
c

u
la

te
d

 

N
o 

in
je

c
ti

o
n

 
~
n
 

W
a

te
r 

in
je

c
ti

o
n

 

B
en

o
m

y
l 

in
je

c
ti

o
n

 
0

.6
7

 
g

./
l

. 
c

o
n

c
. 

4
.0

 
g
.
/
l
.
 

c
o

n
c

. 
2

4
.0

 
g

./
l.

 
c

o
n

c
. 

g
1

~
v

e
r

a
g

e
 o

f 
fo

u
r 

r
e

p
li

c
a

te
s

. 



T a b l e  2 .  - - T h e r a p e u t i c  s t u d y :  averageg1 p e r c e n t a g e  
o f  DED leaf  symptoms a t  t i m e  o f  
i n j e c t i o n  and a t  end o f  1972 growing 
s e a s o n  i n  i n o c u l a t e d  t r e e s  i n j e c t e d  w i t h  
M B C - H C 1  s o l u t i o n  

I 

MBCoHC I n o c u l  t i o n  P e r c e n t  symptoms-- 
c o n c e n h a t i o n  s=?e  A t  t i m e  o f  A t  end o f  

i n j e c t i o n  growing s e a s o n  

b/ 
T r e e s  d e s i g n a t e d  t o  be i n j e c t e d  a t  t r a c e  symptoms- 

4  g J 1 .  Bole  60 85 
4  g J 1 .  Crown 3 5  
24 g . / l .  Bole  5  3 5 5  
24 g . / l .  Crown 3 1 4  

b /  
T r e e s  d e s i g n a t e d  t o  be i n j e c t e d  a t  2 5 %  symptoms- 

4 g . / l .  Bole  7 0 7  8  
4 g.11. Crown 3 7 5  3 
24 g . / l .  Bole  50 6 8  
24 g . / l .  Crown 2 6  18 

b /  
T r e e s  d e s i g n a t e d  t o  b e  i n j e c t e d  a t  50% symptoms- 

4 g J 1 .  Bole 5  5  8  8 
4 g . / l .  Crown 5  7 5  3 
24 g . / l .  Bole 7 3 9 6 
24 g . / l .  Crown 58 5  8 

C o n t r o l s  

No i n j e c t i o n  Bole 8 5  
Crown 80 

c i ~ v e r a g e  o f  f o u r  r e p l i c a t e s .  

b / ~ r e e s  f r e q u e n t l y  deve loped  symptoms r a p i d l y  and 
c o n s e q u e n t l y  c o u l d  n o t  b e  i n j e c t e d  a t  the d e s i g n a t e d  p e r c e n t  
symptoms. T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  t h e  b o l e -  
i n o c u l a t e d  t r e e s .  

k 



I n  b o t h  s t u d i e s ,  t h e  t i m e  r e q u i r e d  f o r  s o l u t i o n  i n j e c t i o n  
v a r i e d  w i t h  t h e  h e a l t h  o f  t h e  t r e e  and w i t h  t h e  volume and 
c o n c e n t r a t i o n  o f  t h e  s o l u t i o n .  However, most o f  t h e  t r e e s  
r e q u i r e d  less  t h a n  30 m i n u t e s .  

No a p p a r e n t  i n j u r y  t o  t h e  f o l i a g e  r e s u l t e d  from i n j e c t i o n  
of any  o f  t h e  M B C - H C 1  s o l u t i o n s .  I n j u r y  t o  t h e  t i s s u e  f o r  
v a r i a b l e  b u t  u s u a l l y  s h o r t  d i s t a n c e s  above and sometimes below 
t h e  i n j e c t i o n  s i t e s  w a s  obse rved  a t  a b o u t  70 p e r c e n t  o f  t h e  
i n j e c t i o n  s i t e s  on t r e e s  t r e a t e d  w i t h  2 4  g . / l .  o f  MBCmHC1.  
The i n j e c t i o n  s i t e s  on t r e e s  t r e a t e d  w i t h  4  g . / l .  M B C - H C 1  o r  
l e s s  showed l i t t l e  o r  no i n j u r y .  L a r g e r  t r e e s  had l e s s  i n j u r y  
t h a n  t h e  s m a l l e r  o n e s .  A c t i v e  c a l l u s  t i s s u e  w a s  p r e s e n t  
a round most i n j e c t i o n  s i t e s  and some were n e a r l y  h e a l e d  o v e r  
by t h e  end o f  t h e  s e a s o n .  Most o f  t h e  t r e e s  i n j e c t e d  w i t h  4  
and 24 g . / l .  M B C - H C 1  y i e l d e d  some p o s i t i v e  b i o a s s a y s .  
However, few o f  t h e  t r e e s  t h a t  r e c e i v e d  0.67 g . / l .  M B C - H C 1  had 
p o s i t i v e  b i o a s s a y s .  I 

I n  c o n c l u s i o n ,  it a p p e a r s  t h a t  i n j e c t i o n  o f  24 g . / l .  
M B C 0 H C 1  p r o v i d e d  n e a r l y  comple te  p r o t e c t i o n  from Dutch elm 
d i s e a s e  i n  American elms under  c o n d i t i o n s  o f  t h i s  s t u d y ,  and  
e i t h e r  t h e  h i g h  o r  medium c o n c e n t r a t i o n  g e n e r a l l y  checked 
symptom p r o g r e s s i o n  i n  i n f e c t e d  t r e e s .  However, it s h o u l d  b e  
emphasized t h a t  t h e s e  a r e  p r e l i m i n a r y  r e s u l t s  and it r e m a i n s  
f o r  o b s e r v a t i o n s  i n  t h e  s p r i n g  and summer o f  1973 t o  d e t e r m i n e  
t h e  permanence o f  t h e  d i s e a s e  c o n t r o l .  
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