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AN APPARATUS FOR PRESSURE I N J E C T I O N  

OF SOLUTIONS I N T O  TREES 

We have  d e v i s e d  a n  a p p a r a t u s  f o r  i n j e c t i n g  s o l u t i o n s  
under  p r e s s u r e  i n t o  t r e e s .  T h i s  a p p a r a t u s  s h o u l d  p e r m i t  
r a p i d  i n t r o d u c t i o n  o f  c e r t a i n  s y s t e m i c  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 ,  e t c .  d i r e c t l y  i n t o  t h e  xylem and shou ld  
f a c i l i t a t e  t h e i r  d i s t r i b u t i o n  t h r o u g h o u t  t h e  t r e e .  

A un ique  and i m p o r t a n t  f e a t u r e  o f  t h e  a p p a r a t u s  i s  
t h a t  s o l u t i o n s  c a n  be  i n j e c t e d  i n t o  t h e  o u t e r m o s t  xylem 
t i s s u e s .  T h i s  i s  accompl ished by f e e d i n g  t h e  s o l u t i o n  under  
p r e s s u r e  t h r o u g h  a n  i n j e c t i o n  head clamped a g a i n s t  t h e  
s u r f a c e  o f  t h e  sapwood t o  c o v e r  a  s m a l l  h o l e  c u t  t o  p e n e t r a t e  
t h e  o u t e r  two o r  t h r e e  a n n u a l  r i n g s .  Rapid u p t a k e  and 
d i s t r i b u t i o n  of  s o l u t i o n s  i s  f a c i l i t a t e d  because  maximum 
f l u i d  movement o c c u r s  i n  t h e  o u t e r  sapwood, and i n j e c t e d  
chemica l s  t e n d  t o  move t h r o u g h o u t  t h e  c u r r e n t  wood and i n t o  
t h e  f o l i a g e  and r o o t s .  

THE I N J E C T O R  APPARATUS 

The a p p a r a t u s  c o n s i s t s  o f  t h e  i n j e c t i o n  head a t t a c h e d  
t o  a  s m a l l  h y d r a u l i c  j a c k ,  a  b e l t  t o  h o l d  t h e  a p p a r a t u s  i n  
p l a c e  on t h e  t r e e ,  a  g a s k e t  t o  p r o v i d e  a  s e a l  between t h e  
head and sapwood s u r f a c e ,  a f l u i d  s u p p l y  hose  w i t h  a v a l v e  
n e a r  t h e  i n j e c t o r  head ,  a s o l u t i o n  r e s e r v o i r ,  a  p r e s s u r e  
r e g u l z t o r ,  and a s u p p l y  of compressed g a s .  

The i n j e c t i o n  head ( f i g .  1) was machined from a  s t e e l  
r o d  1 1 / 8  i n c h e s  i n  d i a m e t e r  and 5 1 / 2  i n c h e s  l o n g .  Hal f  
t h e  l e n g t h  o f  t h e  r o d  w a s  t u r n e d  down t o  a b o u t  a 3 / 4 - i n c h  
d i a m e t e r  s o  t h a t  it would f i t  s n u g l y  i n t o  a h y d r a u l i c  j a c k ,  
a s  d e s c r i b e d  l a t e r .  A c e n t e r e d  h o l e ,  5 / 8  i n c h  i n  d i a m e t e r  
by 2 1 / 4  i n c h e s  deep ,  was d r i l l e d  l e n g t h w i s e  i n t o  t h e  r o d  
from t h e  l a r g e  end.  

A second h o l e ,  7/16 i n c h  i n  d i a m e t e r ,  was d r i l l e d  
r a d i a l l y  i n  t h e  s i d e  o f  t h e  r o d  1 3/4 i n c h e s  from t h e  l a r g e  
end and deep enough t o  open i n t o  t h e  bot tom o f  t h e  l e n g t h w i s e  
h o l e .  T h i s  second h o l e  was t h r e a d e d  t o  a c c e p t  a  nominal  
1 / 4 - i n c h  g a l v a n i z e d  i r o n  p i p e  t h a t  was 5 i n c h e s  l o n g .  A 
1 / 4 - i n c h  p i p e  un ion  w a s  a t t a c h e d  t o  t h e  p i p e ,  a t a p e r e d  hose  
f i t t i n g  was screwed i n t o  t h e  u n i o n ,  and t h e  f l u i d  s u p p l y  
h o s e  was clamped o n t o  t h e  h o s e  f i t t i n g .  



Figu re  1.--The i n j e c t o r  a p p a r a t u s .  

(A) - Prepared  i n j e c t i o n  s i t e  on t r e e  w i t h  1 3/8- inch-diameter  
h o l e  c u t  th rough  bark  and wedge-shaped h o l e  two o r  t h r e e  
annua l  r i n g s  deep.  

( B )  - Neoprene g a s k e t ,  1-1/4 i n c h e s  i n  d i ame te r  by 1 / 8  i n c h  
t h i c k  w i t h  3/16 i n c h  h o l e  i n  c e n t e r .  

I n j e c t o r  head machined from 1 1 /8 - i nch  s t e e l  r od  5 1 / 2  
i n c h e s  l o n g ;  h a l f  t h e  l e n g t h  o f  t h e  rod  t u r n e d  down t o  
f i t  i n t o  h y d r a u l i c  j a ck ;  c e n t e r e d  h o l e ,  5 /8  i n c h  i n  
d i ame te r  by 2 1 / 4  i n c h e s  deep d r i l l e d  l eng thwi se  i n t o  
rod  from l a r g e  end;  second h o l e ,  7 / 1 6  i n c h  i n  d i ame te r  
d r i l l e d  r a d i a l l y  i n  s i d e  o f  r od  1 3/4 i n c h e s  from l a r g e  
end,  deep enough t o  open i n t o  bottom of l o n g i t u d i n a l  h o l e ,  
and t h r e a d e d  t o  a c c e p t  nominal 1 /4 - i nch  ga lvan i zed  i r o n  
p i p e .  

(D) - Hydrau l i c  j a ck ,  1 1 / 2  t o n  w i t h  t h r e a d e d  e x t e n s i o n  removed 
from ram. 

( E l  - Galvanized i r o n  p i p e ,  nominal 1 / 4  i n c h  by 5 i n c h e s  l ong ,  
t h r e a d e d  a t  bo th  ends .  

( F )  - Pipe  un ion ,  1 / 4  i n c h .  

( G I  - Tapered hose  f i t t i n g .  

(HI - F l u i d  supp ly  hose  from r e s e r v o i r  t o  i n j e c t o r  head ,  
3 /8- inch nylon r e i n f o r c e d  c l e a r  p o l y v i n y l  c h l o r i d e  t u b i n g .  

( I )  - Gate v a l v e .  



The t h r e a d e d  e x t e n s i o n  was removed from t h e  ram o f  
a  1 1 / 2 - t o n  h y d r a u l i c  j a c k ,  and t h e  t u r n e d  down end o f  t h e  
i n j e c t i o n  head was i n s e r t e d  i n  i t s  p l a c e .  The b e l t  used  
t o  h o l d  t h e  i n j e c t i o n  a p p a r a t u s  i n  p l a c e  w a s  a n  au tomobi le  
s e a t  b e l t ;  t h e  two h a l v e s  were sewed f i r m l y  t o g e t h e r  t o  
make a s i n g l e  b e l t  w i t h  male  and female  b u c k l e  components 
a t  o p p o s i t e  e n d s .  The round neoprene  g a s k e t ,  1 1 / 4  i n c h e s  
i n  d i a m e t e r  by 1 / 8 - i n c h  t h i c k  w i t h  a  3 /16- inch h o l e  c u t  
t h r o u g h  t h e  c e n t e r ,  w a s  u sed  t o  s e a l  t h e  i n j e c t o r  t o  t h e  
t r e e .  

The 50- foo t  s o l u t i o n  s u p p l y  h o s e  was 3 /8 - inch  ny lon  
r e i n f o r c e d  c lear  po lyv iny l  c h l o r i d e  t u b i n g  of  225 p . s . i .  
t e s t  w i t h  a g a t e  v a l v e  n e a r  t h e  i n j e c t o r  end.  The f l u i d  
r e s e r v o i r  was a 2 - foo t  s e c t i o n  o f  4- inch p i p e  w i t h  f i t t i n g s  
a t  one end f o r  connectLng t h e  f l u i d  s u p p l y  h o s e  and w i t h  
f i t t i n g s  a t  t h e  o t h e r  end f o r  c o n n e c t i n g  t h e  p r e s s u r e  s o u r c e .  
A s  a  p r e s s u r e  s o u r c e ,  we f i r s t  used  a  hand-pumped ga rden  
s p r a y e r  equ ipped  w i t h  a  p r e s s u r e  gage ;  b u t  now we u s e  a  
c y l i n d e r  of  compressed n i t r o g e n  equipped w i t h  a  p r e s s u r e  
r e g u l a t o r .  Regu la ted  a i r  compressors  s h o u l d  a l s o  b e  
s a t i s f a c t o r y .  

U S I N G  THE I N J E C T O R  APPARATUS 

The p r o c e d u r e  f o r  u s i n g  t h e  i n j e c t o r  a p p a r a t u s  i s  
as f o l l o w s :  A round h o l e ,  a b o u t  1 3/8  i n c h e s  i n  d i a m e t e r ,  
i s  c u t  a t  a  c o n v e n i e n t  h e i g h t - - u s u a l l y  2 t o  3  f e e t  above 
t h e  ground--through t h e  b a r k  of t h e  t r e e  t o  b e  t r e a t e d .  We 
used  a bow punch f o r  t h i s ,  b u t  a  c h i s e l  c a n  a l s o  b e  used .  
To p r e v e n t  l e a k a g e ,  it  i s  i m p o r t a n t  t h a t  a l l  o f  t h e  b a r k  b e  
removed b u t  t h a t  none o f  t h e  sapwood i s  c u t .  

I n  t h e  c e n t e r  o f  t h e  exposed sapwood, a  wedge-shaped 
h o l e  i s  c u t  by making a  downward s l o p i n g  c u t  and a n  upward 
s l o p i n g  c u t  w i t h  a  1 / 2 - i n c h  c h i s e l  ( f i g .  2 ) .  The h o l e  
s h o u l d  b e  two o r  t h r e e  a n n u a l  r i n g s  deep .  The neoprene  g a s k e t  
i s  p l a c e d  i n  t h e  h o l e  i n  t h e  b a r k .  Next ,  t h e  i n j e c t o r  head 
w i t h  j a c k  a t t a c h e d  i s  p l a c e d  i n t o  p o s i t i o n  w i t h  t h e  b e l t  
p a s s i n g  a c r o s s  t h e  b a s e  o f  t h e  j a c k  and a round  t h e  t r e e  
( f i g .  3 ) .  Then t h e  i n j e c t o r  head c a n  b e  p r e s s e d  f i r m l y  
a g a i n s t  t h e  g a s k e t  by pumping t h e  j a c k .  

I t  i s  e s s e n t i a l  t h a t  t h e  b e l t  b e  a d j u s t e d  up o r  down 
t h e  t r e e  t o  p r o v i d e  un i fo rm p r e s s u r e  a g a i n s t  t h e  g a s k e t e d  
sapwood s u r f a c e  s o  t h a t  t h e  j a c k  d o e s  n o t  t i p  up o r  down. 
T h i s  o p e r a t i o n  c a n  b e  s i m p l i f i e d  by p l a c i n g  t h e  i n j e c t o r  on 



F i g u r e  2 .- 
i n j e c t i o n  

,-The p r e p a r e d  
s i t e .  

F i g u r e  3.--The i n j e c t o r  head i n  p l a c e .  



t h e  t r e e  w i t h  t h e  p i p e  t o  which t h e  supp ly  hose  i s  a t t a c h e d  
p o i n t i n g  upward. The b e l t  i s  a d j u s t e d  s o  t h a t  t h e  j a ck  
h a s  a s l i g h t  tendency t o  t i p  up when it i s  pumped. A wedge 
o f  wood i n s e r t e d  between t h e  p i p e  and t h e  t r e e  w i l l  c oun t e r -  
act  t h i s  t endency ,  r e s u l t i n g  i n  a s e c u r e  i n s t a l l a t i o n .  

The supp ly  hose ,  w i t h  t h e  v a l v e  c l o s e d ,  c a n  now be  
l o o s e l y  a t t a c h e d  t o  t h e  i n j e c t o r  a t  t h e  union.  The s o l u t i o n  
t o  b e  i n j e c t e d  i s  poured i n t o  t h e  r e s e r v o i r ,  t h e  p r e s s u r e  
s o u r c e  i s  connec ted ,  and a s m a l l  amount o f  p r e s s u r e  i s  a p p l i e d  
t o  t h e  s o l u t i o n .  The g a t e  v a l v e  i s  opened s l i g h t l y ,  a l l owing  
t h e  s o l u t i o n  t o  f low th rough  t h e  hose ,  t h e r e b y  f o r c i n g  o u t  
t h e  a i r .  When a l l  t h e  a i r  ha s  been e x p e l l e d  and t h e  supp ly  
l i n e  and i n j e c t i o n  head a r e  f i l l e d ,  t h e  un ion  i s  t i g h t e n e d ,  
t h e  v a l v e  i s  opened wide ,  and f u l l  i n j e c t i o n  p r e s s u r e  i s  
a p p l i e d  t o  t h e  s o l u t i o n  ( f i g .  4 ) .  We have used up t o  9 6  p . s . i .  
p r e s s u r e  w i t h o u t  l e a k a g e ,  and we b e l i e v e  t h a t  h i g h e r  p r e s s u r e s  
may be used i f  needed. 

Movement o f  t h e  l a s t  o f  t h e  s o l u t i o n  t h rough  t h e  clear 
supp ly  hose  w i l l  i n d i c a t e  when i n j e c t i o n  i s  completed.  
Add i t i on  o f  a s m a l l  q u a n t i t y  o f  s o l u b l e  dye  may be  d e s i r a b l e  
f o r  c o l o r l e s s  s o l u t i o n s .  The i n j e c t i o n  s i t e  shou ld  be coa t ed  
w i t h  a t r e e  wound d r e s s i n g  a f t e r  t h e  p r e s s u r e  i n j e c t o r  i s  
removed from t h e  t r e e .  

F igu re  4.--The i n j e c t i o n  a p p a r a t u s  i n  u s e .  



More t h a n  one i n j e c t o r  can  b e  connec ted  t o  a s i n g l e  
f l u i d  r e s e r v o i r .  A man i fo ld  can b e  made a t  t h e  end o f  
t h e  s u p p l y  h o s e  w i t h  t e e s  and a d d i t i o n a l  s h o r t  l e n g t h s  of 
t u b i n g  s o  t h a t  s e v e r a l  i n j e c t o r s  on a  t r e e  can  b e  o p e r a t e d  
s i m u l t a n e o u s l y .  A s e p a r a t e  s h u t - o f f  v a l v e  f o r  each  i n j e c t o r  
i s  d e s i r a b l e .  

W e  a r e  now assembl ing  s e v e r a l  p r e s s u r e  i n j e c t i o n  u n i t s ,  
e a c h  c o n s i s t i n g  o f  a  s m a l l  c y l i n d e r  o f  compressed g a s  and 
l i g h t w e i g h t  p l a s t i c  s o l u t i o n  r e s e r v o i r  mounted on  a  packboard 
and  equ ipped  w i t h  f o u r  i n j e c t o r s .  These w i l l  b e  e x t r e m e l y  
p o r t a b l e  and w i l l  c o s t  l e s s  t h a n  $200 each .  

PERFORMANCE OF THE INJECTOR APPARATUS 

W e  have  used  t h e  i n j e c t o r  a p p a r a t u s  t o  i n j e c t  dye 
s o l u t i o n s  and s u s p e n s i o n s  and s o l u t i o n s  o f  benomyl f u n g i c i d e  
i n t o  e l m s  (Ulmus amer icana  L . ) ,  oaks  (Quercus c o c c i n e a  
Muenck., Q .  r u b r a  L . ,  and - Q .  v e l u t i n a  Lam.),  and maples 
(Acer  sacEharum Marsh . ) .  

A s o l u t i o n  of  a z o s u l f a m i d e  dye i n  w a t e r  ( 0 . 5  p e r c e n t )  
was i n j e c t e d  i n t o  r e d  oaks  i n  l a t e  September and i n  mid- 
November. I n j e c t i o n  r a t e  was 5 t o  1 0  minu tes  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 w a s  1 0  t o  1 5  minu tes  
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  was q u i t e  d i f f e r e n t  on t h e  two d a t e s .  
Two l i t e r s  o f  dye  i n j e c t e d  i n t o  a n  8- inch d . b . h .  r e d  oak on 
30 Ses tember  1971 ,  were immedia te ly  d i s t r i b u t e d  t h r o u g h o u t  
t h e  t r ee  i n  t h e  c u r r e n t  sapwood and l e a v e s  and a t  l e a s t  i n  
some r o o t s .  I n  c o n t r a s t ,  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 - i n c h  d .b .h .  r e d  oak on 18 November 1 9 7 1 ,  moved up t h e  
b o l e  a maximum o f  o n l y  2 7  f e e t .  I n j e c t i o n  of  dye  i n  elm 
a n d  maple was n o t  checked i n  September ;  b u t  i n  November, i t  
was n o t  v e r y  r a p i d - - l e s s  t h a n  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  h o u r .  I n  e l m ,  t h e  dye moved up t h e  b o l e  a maximum o f  
1 5 . 5  f ee t ;  and  i n  maple,  it moved up o n l y  8 f e e t .  

It h a s  n o t  been p o s s i b l e  t o  i n j e c t  ve ry  much benomyl 
s u s p e n s i o n  i n t o  t r e e s .  A p p a r e n t l y ,  t h e  p a r t i c u l a t e s  c l o g  
v a s c u l a r  e l e m e n t s  of  t h e  t r e e  n e a r  t h e  i n j e c t i o n  s i t e .  Our 
b e s t  r e s u l t  w a s  i n j e c t i o n  o f  565 m i l l i l i t e r s  o f  a  13 .35  grams 
p e r  l i t e r  s u s p e n s i o n  of benomyl i n  w 2 t e r  i n t o  a r e d  oak i n  
2 h o u r s .  



Benomyl s o l u t i o n s ,  on t h e  o t h e r  hand,  have  been r e a d i l y  
i n j e c t e d  i n t o  o a k ,  elm, and t o  a  l e s s e r  e x t e n t ,  i n t o  maple ;  
and  a s u b s e q u e n t  movement o f  f u n g i t o x i c a n t  i n t o  b r a n c h e s  
was d e t e ~ t e d . ~ , ~  I n j e c t i o n  r a t e  v a r i e d  w i t h  t h e  s o l u t i o n  
used  and  t h e  t r e e  s p e c i e s  b e i n g  t r e a t e d ;  b u t  1 l i t e r  p e r  
i n j e c t i o n  s i t e  i n  1 5  minu tes  i n  o a k s ,  1 l i t e r  p e r  i n j e c t i o n  
s i t e  i n  30  m i n u t e s  i n  e lms ,  and 5 0 0  m i l l i l i t e r s  p e r  i n j e c t i o n  
s i t e  i n  1 h o u r  i n  maples a r e  t y p i c a l  i n j e c t i o n  r a t e s  d u r i n g  
t h e  dormant  s e a s o n .  More r a p i d  i n j e c t i o n  and d i s t r i b u t i o n  
o f  i n j e c t e d  s o l u t i o n  d u r i n g  t h e  growing s e a s o n  a r e  a n t i c i p a t e d .  

DISCUSSION 

The a p p a r a t u s  we have d e v i s e d  p r o v i d e s  a n  e f f e c t i v e ,  
s i m p l e ,  and economical  means f o r  p u t t i n g  s o l u t i o n s  i n t o  t r e e s .  
It  s h o u l d  enhance t h e  p o s s i b i l i t y  of t h e r a p y  f o r  d i s e a s e d  
t r e e s  and p r o t e c t i o n  of  t r e e s  from fungus  i n f e c t i o n  w i t h  
s y s t e m i c  f u n g i c i d e s .  I t  might  a l s o  be  used  w i t h  s y s t e m i c  
i n s e c t i c 5 d e s ,  h e r b i c i d e s ,  and p e r h a p s  even hormones and 
n u t r i e n t s .  

I n j e c t i n g  p e s t i c i d e s  o r  o t h e r  c h e m i c a l s  d i r e c t l y  i n t o  
t r e e s  h a s  many advan tages  o v e r  f o l i a r  s p r a y  o r  s o i l  a p p l i c a -  
t i o n s .  E n t r y  o f  p r e s c r i b e d  dosages  i s  a s s u r e d ,  t r e a t m e n t  
s c h e d u l e s  may b e  fo l lowed  r e g a r d l e s s  o f  wind and r a i n ,  s m a l l e r  
q u a n t i t i e s  o f  chemica l  a r e  r e q u i r e d ,  and t h e i r  p lacement  and 
subsequen t  movement a r e  h i g h l y  c o n t r o l l e d .  Thus t h i s  method 
i s  n o t  o n l y  economica l ly  advan tageous ,  b u t  a l s o  l a r g e l y  a v o i d s  
t h e  e n v i r o n m e n t a l  p o l l u t i o n  h a z a r d s  i n h e r e n t  i n  o t h e r  methods 
o f  a p p l i c a t i o n .  
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The c o n s t r u c t i o n  and use  o f  an  a p p a r a t u s  f o r  i n j e c t i n g  
s o l u t i o n s  under  p r e s s u r e  i n t o  t r e e s  i s  d e s c r i b e d .  A 
unique and impor t an t  f e a t u r e  of t h e  a p p a r a t u s  i s  t h a t  it 
p e r m i t s  i n j e c t i o n  of s o l u t i o n s  i n t o  t h e  ou te rmos t  sapwood. 
It h a s  been used t o  i n j e c t  dye s o l u t i o n s  and s o l u b i l i z e d  
benomyl i n t o  elm, oak ,  and maple. 



B,j&&Yd&+ 
FOLLOW THE LABCL 

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. 


	
	
	
	
	
	
	
	
	
	
	

